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Devwudfw

Wkh sxusrvh ri wklv sdshu lv wr surylgh dq h{sodqdwlrq iru uhodwlyh sulflqj ri ixwxuhv frqwudfwv
zlwk uhvshfw wr xqghuo|lqj vwrfnv edvhg rq vkruw vdohv frqvwudlqwv dqg lqirupdwlrqdo odjv ehwzhhq
wkh wzr pdunhwv1 Lq wklv prgho vwrfnv dqg ixwxuhv duh shuihfw vxevwlwxwhv/ h{fhsw wkdw vkruw vdohv
duh rqo| doorzhg lq ixwxuhv pdunhwv1 Wkh ixwxuhv sulfh lv pruh lqirupdwlyh wkdq wkh vwrfn sulfh/
ehfdxvh wkh h{lvwhqfh ri vkruw vdohv frqvwudlqwv lq wkh vwrfn pdunhw surklelwv wudglqj lq vrph
vwdwhv ri wkh zruog1 Li dq lqiruphg wudghu zlwk qr lqlwldo hqgrzphqw lq vwrfnv jhwv d qhjdwlyh
vljqdo derxw wkh frpprq ixwxuh ydoxh ri vwrfnv dqg ixwxuhv/ vkh lv rqo| deoh wr vhoo ixwxuhv1 Lq
dgglwlrq xqlqiruphg wudghuv dovr idfh vlplodu vkruw vdohv frqvwudlqw lq wkh vwrfn pdunhw1 Dv d
uhvxow ri wkh vkruw vdohv frqvwudlqw/ wkh vwrfn sulfh lv ohvv lqirupdwlyh wkdq wkh ixwxuhv sulfh hyhq
li wkh lqiruphg wudghu kdv uhfhlyhg srvlwlyh lqirupdwlrq1 Vwrfnv fdq eh xqghu0 dqg ryhusulfhg
frpsduhg wr ixwxuhv/ surylghg wkdw pdunhw pdnhuv lq vwrfnv dqg ixwxuhv rqo| revhuyh zlwk d
odj wkh rughu  rz lq wkh rwkhu pdunhw1 Rxu wkhru| lpsolhv wkdw 41, wkh edvlv lv srvlwlyho|
dvvrfldwhg zlwk wkh frqwhpsrudqhrxv ixwxuhv uhwxuqv/ 51, wkh edvlv lv qhjdwlyho| dvvrfldwhg zlwk
wkh frqwhpsrudqhrxv vwrfn uhwxuq/ 61, ixwxuhv uhwxuqv ohdg vwrfn uhwxuqv/ 71, vwrfn uhwxuqv dovr
ohdg ixwxuhv uhwxuqv/ exw wr d ohvvhu h{whqw dqg 81, wkh wudglqj yroxph lq wkh vwrfn pdunhw lv
srvlwlyho| dvvrfldwhg zlwk wkh frqwhpsrudqhrxv vwrfn uhwxuq1 Wkh prgho lv whvwhg xvlqj gdlo|
gdwd iurp wkh Ilqqlvk lqgh{ ixwxuhv pdunhwv1 Ilqodqg surylghv d jrrg hqylurqphqw iru whvwlqj
rxu wkhru|/ vlqfh vkruw vdohv zhuh qrw doorzhg gxulqj wkh wlph wkdw zh kdyh gdwd +Pd| 5:/ 4<;;
0 Pd| 64/ 4<<7,1 Zh �qg vwurqj hpslulfdo vxssruw iru rxu lpsolfdwlrqv1

Nh|zrugv= ixwxuhv sulflqj/ ohdg0odj/ vkruw vdohv/ lqiruphg wudglqj/ wudglqj yroxph
MHO fodvvl�fdwlrq= J46/ J47



4 Lqwurgxfwlrq

Wkh sxusrvh ri wklv sdshu lv wr surylgh dq h{sodqdwlrq iru vrph vw|ol}hg idfwv uhjduglqj wkh

sulflqj ri ixwxuhv frqwudfwv zlwk uhvshfw wr vwrfnv dqg wkh wudglqj yroxphv lq wkh wzr pdunhwv1

Wkh zhoo0nqrzq hpslulfdo revhuydwlrqv wkdw wklv prgho fdq dffrxqw iru duh 41, wkdw ixwxuhv*

uhwxuqv ohdg vwrfn lqgh{ uhwxuqv hyhq diwhu wkh h�hfwv ri qrq0v|qfkurqrxv wudglqj duh wdnhq

lqwr dffrxqw +Fkdq 4<<5,/ 51, wkdw wkhuh lv d srvlwlyh frqwhpsrudqhrxv fruuhodwlrq ehwzhhq

wudglqj yroxphv dqg uhwxuqv lq wkh vwrfn pdunhw +Ndusr� 4<;:, dqg 61, wkdw wkh wudglqj

yroxph dqg uhwxuqv duh qrw uhodwhg lq wkh ixwxuhv pdunhw +Nrfdjlo dqg Vkdfkpxuryh 4<<;,1 Wkh

prgho suhvhqwhg khuh lv edvhg rq vkruw vdohv frqvwudlqwv dqg lqirupdwlrqdo odjv ehwzhhq gl�huhqw

pdunhwv1 Lq wklv prgho vwrfnv dqg ixwxuhv duh shuihfw vxevwlwxwhv/ h{fhsw wkdw vkruw vdohv duh rqo|

doorzhg lq ixwxuhv pdunhwv1 Wkh ixwxuhv sulfh lv pruh lqirupdwlyh wkdq wkh vwrfn sulfh/ ehfdxvh

wkh h{lvwhqfh ri vkruw vdohv frqvwudlqwv lq wkh vwrfn pdunhw surklelwv wudglqj lq vrph vwdwhv ri

wkh zruog1 Li dq lqiruphg wudghu zlwk qr lqlwldo hqgrzphqw lq vwrfnv jhwv d qhjdwlyh vljqdo

derxw wkh frpprq ixwxuh ydoxh ri vwrfnv dqg ixwxuhv/ vkh lv rqo| deoh wr vhoo ixwxuhv1 Lq dgglwlrq

xqlqiruphg wudghuv dovr idfh vkruw vdohv frqvwudlqw lq wkh vwrfn pdunhw1 Wkhvh frqvwudlqwv fdq eh

elqglqj luuhvshfwlyh ri wkh lqirupdwlrq wkdw wkh lqiruphg wudghuv srvvhvv1 Dv d uhvxow/ wkh vwrfn

sulfh lv ohvv lqirupdwlyh wkdq wkh ixwxuhv sulfh hyhq li wkh lqiruphg wudghu kdv uhfhlyhg srvlwlyh

lqirupdwlrq derxw wkh frpprq ydoxh ri wkh vhfxulwlhv/ ehfdxvh xqlqiruphg wudghuv pljkw qrw eh

deoh wr wudgh1

Lq wkh prgho suhvhqwhg lq wklv sdshu vwrfnv fdq eh xqghu0 dqg ryhusulfhg frpsduhg wr ixwxuhv/

surylghg wkdw pdunhw pdnhuv lq vwrfnv dqg ixwxuhv rqo| revhuyh zlwk d odj wkh sulfhv lq wkh rwkhu

pdunhw1 Wkh prgho lpsolhv wkdw 41, wkh edvlv lv srvlwlyho| dvvrfldwhg zlwk wkh frqwhpsrudqhrxv

ixwxuhv uhwxuqv/ 51, wkh edvlv lv qhjdwlyho| dvvrfldwhg zlwk wkh frqwhpsrudqhrxv vwrfn uhwxuq/ 61,

ixwxuhv uhwxuqv ohdg vwrfn uhwxuqv/ 71, vwrfn uhwxuqv dovr ohdg ixwxuhv uhwxuqv/ exw wr ohvv h{whqw

dqg 81, wkh wudglqj yroxph lq wkh vwrfn pdunhw lv srvlwlyho| dvvrfldwhg zlwk wkh frqwhpsrudqhrxv

vwrfn uhwxuq1 Wkh prgho lv whvwhg xvlqj gdlo| gdwd iurp wkh Ilqqlvk lqgh{ ixwxuhv pdunhwv1

Ilqodqg surylghv d jrrg hqylurqphqw iru whvwlqj wklv wkhru|/ vlqfh vkruw vdohv zhuh qrw doorzhg

4



gxulqj wkh wlph shulrg vwxglhg lq wklv sdshu +Pd| 5:/ 4<;; 0 Pd| 64/ 4<<7,1 Wkh lpsolfdwlrqv

ri wkh wkhru| duh zhoo vxssruwhg e| wkh hpslulfdo hylghqfh1

Wklv prgho vkduhv wkh ihdwxuh ri lpshuihfw lqirupdwlrqdo lqwhjudwlrq ehwzhhq gl�huhqw pdu0

nhwv zlwk Fkdq +4<<6, dqg Nxpdu dqg Vhssl +4<<7,1 Fkdq prghov wkh revhuyhg srvlwlyh furvv0

dxwrfruuhodwlrq ehwzhhq gl�huhqw vwrfnv zlwk pdunhw pdnhuv/ zkr sulfh lqglylgxdo vwrfnv edvhg

rq vljqdov shuwdlqlqj wr wkdw vshfl�f vwrfn zlwkrxw dffhvv wr lqirupdwlrq lq rwkhu pdunhwv1

Vwrfn uhwxuqv ehfrph srvlwlyho| furvv0dxwrfruuhodwhg zkhq pdunhw pdnhuv xsgdwh wkhlu sulfhv

diwhu kdylqj vhhq wkh suhylrxv sulfh lqirupdwlrq lq rwkhu pdunhwv41 Wkh lvvxh lq Nxpdu dqg

Vhssl lv wkh hyroxwlrq ri ixwxuhv edvlv lq d g|qdplf ohduqlqj jdph1 Pdunhw pdnhuv uhfhlyh

d vljqdo derxw wkh wuxh ydoxh ri ixwxuhv ru vwrfnv zlwkrxw lpphgldwho| ehlqj deoh wr revhuyh

wkh ghyhorsphqwv lq rwkhu pdunhwv1 Duelwudjxhuv duh deoh wr revhuyh vwrfn dqg ixwxuhv sulfhv

dfurvv pdunhwv zlwk ohvv ri d odj wkdq pdunhw pdnhuv dqg wkxv ehqh�w iurp wkhlu lqirupdwlrqdo

dgydqwdjh1 Vxeudkpdq|dp +4<<4, ghyhorsv dq dgyhuvh vhohfwlrq prgho iru wkh h{lvwhqfh dqg

srsxodulw| ri edvnhw ri vhfxulwlhv olnh wkh ixwxuhv frqwudfw edvhg rq d vwrfn lqgh{1 Lq klv prgho/

oltxlglw| wudghuv suhihu wr wudgh lq wkh ixwxuhv frqwudfw ehfdxvh ri d vpdoohu gdqjhu ri ehlqj d

frxqwhusduw| wr dq lqiruphg wudghu1

Vhyhudo rwkhu sdshuv dovr ghdo zlwk wkh lqwhudfwlrq ehwzhhq ixwxuhv dqg vwrfn pdunhwv lq dq

htxloleulxp vhwwlqj/ exw hpskdvl}h wkh ulvn vkdulqj dvshfwv ri wkh wzr pdunhwv1 Kroghq +4<<8,

h{sodlqv wkh h{lvwhqfh ri duelwudjh ehwzhhq vwrfnv dqg ixwxuhv lq dq htxloleulxp prgho dv dulvlqj

iurp wkh ulvn dyhuvlrq ri pdunhw pdnhuv dqg lqghshqghqw oltxlglw| vkrfnv wr ixwxuhv dqg vwrfn

pdunhwv1 Lq Iuhpdxow +4<<4,/ gl�huhqw wudghuv kdyh xqhtxdo dffhvv wr vwrfn dqg ixwxuhv pdunhwv1

Lq khu prgho/ rqo| duelwudjxhuv kdyh dffhvv wr doo pdunhwv1 Wkh uroh ri duelwudjxhuv lv pdlqo|

edvhg rq uhdoorfdwlqj ulvn/ dowkrxjk vkh dovr eulh | frqvlghuv lqirupdwlrqdo lvvxhv1 Fkhq/ Fxq|/

dqg Kdxjhq +4<<8, kdyh suhvhqwhg dq htxloleulxp prgho ri vwrfn lqgh{ ixwxuhv edvlv ehkdylru/

zkhuh ixwxuhv frqwudfwv duh qrw shuihfw vxevwlwxwhv iru vwrfnv ehfdxvh wkh| odfn fxvwrpl}dwlrq

ydoxh ri vwrfn sruwirolrv1 Lq wkhlu prgho zkhq pdunhw yrodwlolw| lqfuhdvhv fxuuhqw vwrfn kroghuv

vhoo ixwxuhv wr khgjh djdlqvw wkh lqfuhdvlqj ulvn ri wkhlu fxvwrpl}hg vwrfn sruwirolrv ghfuhdvlqj
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wkh edvlv1 Dv d uhvxow ri lqfuhdvhg khgjlqj wkh ixwxuhv rshq lqwhuhvw lqfuhdvhv wrr1

Vkruw vdohv frqvwudlqwv kdyh iru vrph uhdvrq ehhq txlwh qhjohfwhg duhd ri uhvhdufk1 Wkh qr0

wdeoh h{fhswlrq lv ri frxuvh Gldprqg dqg Yhuuhfkld +4<;:,1 Olnh lq rxu prgho/ surklelwlqj vkruw

vdohv uhgxfhv wkh lqirupdwlyhqhvv ri vhfxulw| sulfhv/ vlpso| ehfdxvh vrph lqirupdwlyh wudghv duh

qrw srvvleoh1 Xqolnh lq wkh prgho suhvhqwhg lq wklv sdshu/ lq Gldprqg dqg Yhuuhfkld wklv h�hfw

lv pruh surqrxqfhg iru edg qhzv1 Gldprqg dqg Yhuuhfkld dovr vkrz wkh srvlwlyh dvvrfldwlrq

ehwzhhq wudglqj yroxphv dqg uhwxuqv1

Wkh hpslulfdo olwhudwxuh rq ohdg0odj uhodwlrqvkls ehwzhhq ixwxuhv dqg vwrfn lqglfhv lv txlwh

odujh +vhh iru h{dpsoh Ndzdoohu hw do1 +4<;:,/ Vwroo dqg Zkdoh| +4<<3, dqg Fkdq +4<<5, iru X1V1

hylghqfh dqg \dgdy dqg Srsh +4<<3, iru lqwhuqdwlrqdo hylghqfh,1 Wklv prgho edvhg rq vkruw vdohv

frqvwudlqwv lq wkh vwrfn pdunhw dovr khosv wr h{sodlq zk| ixwxuhv uhwxuqv ohdg pruh vwrfn uhwxuqv

wkdq ylfh yhuvd dqg zk| wklv uhodwlrqvkls lv urexvw hyhq li wkh h�hfwv ri qrq0v|qfkurqrxv wudglqj

duh wdnhq lqwr dffrxqw51 Kduulv +4<;<, vwxglhv wkh fudvk ri 4<;: dqg wkh ehkdylru ri ixwxuhv edvlv

durxqg wkdw wlph1 Kh �qgv wkdw qrq0v|qfkurqrxv wudglqj lq wkh vwrfn pdunhw h{sodlqv vrph/

exw qrw doo/ ri wkh odujh qhjdwlyh ixwxuhv edvlv dqg wkh ohdg0odj uhodwlrqvkls ehwzhhq ixwxuhv dqg

vwrfnv1 Wklv hpslulfdo hylghqfh �wv rxu dujxphqw zhoo= lq h{wuhph vlwxdwlrqv olnh Rfwrehu 4<;:/

vkruw vdohv lq vwrfnv duh gl!fxow dqg frvwo| wr h{hfxwh1 Wklv zrxog lpso| wkdw wkh rughu  rz

lq ixwxuhv pdunhwv lv pxfk pruh lqirupdwlyh dqg dv d uhvxow/ ixwxuhv uhwxuqv zrxog ohdg vwrfn

uhwxuqv dqg wkh edvlv zrxog eh odujh1

Lq wkh Ilqqlvk frqwh{w/ vkruw vdohv frqvwudlqwv dqg ixwxuhv sulflqj kdyh ehhq suhylrxvo| ghdow

zlwk lq dq lqirupdo zd| e| Sxwwrqhq dqg Pduwlndlqhq +4<<4, dqg Sxwwrqhq +4<<6,1 Lq wkhlu

dqdo|vlv/ wkh vkruw vdohv uhvwulfwlrqv lq wkh vwrfn pdunhw duh xvhg wr udwlrqdol}h wkh xqghusulflqj

ri ixwxuhv frqwudfwv zlwk uhvshfw wr xqghuo|lqj vwrfnv1 Frqwudu| wr wkdw dqdo|vlv/ wklv sdshu

vkrzv wkdw vkruw vdohv frqvwudlqwv dovr h{sodlq wkh ryhusulflqj ri ixwxuhv frqwudfwv61

Vhfwlrq wzr suhvhqwv d vlpsoh prgho ri edvlv irupdwlrq dqg wudglqj yroxphv lq vwrfn dqg

ixwxuhv pdunhwv1 Vhfwlrq wkuhh suhvhqwv hpslulfdo hylghqfh iurp wkh Ilqqlvk pdunhwv iru wkh

prgho suhvhqwhg khuh1 Vhfwlrq irxu frqfoxghv1
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5 Wkh Prgho

514 Wkh vhw0xs

Wkh vwuxfwxuh ri wkh pdunhw lv olnh lq N|oh +4<;8,71 Wkhuh duh wkuhh w|shv ri lqyhvwruv= lqiruphg

vshfxodwruv/ pdunhw pdnhuv dqg qrlvh wudghuv1 Wkhuh duh wzr ulvn| vhfxulwlhv wkdw duh shuihfw

vxevwlwxwhv/ h{fhsw wkdw vkruw srvlwlrqv duh doorzhg rqo| lq rqh ri wkh vhfxulwlhv1 Wkdw vhfxulw|

lv fdoohg wkh ixwxuhv frqwudfw1 Wkh vhfxulw| zlwk qr vkruw vdohv lv fdoohg wkh vwrfn81 Wkh ulvn|

vhfxulwlhv kdyh d ydoxh ri hlwkhu K ru O1 Iru vlpsolflw| zh dvvxph wkdw K @ 4 dqg O @ 3 1

Iru fodulw| zh pdlqwdlq vrphwlphv wkh K dqg O qrwdwlrq1 Wkhuh duh wkuhh gdwhv/ 3> 4 dqg 51

Dw w @ 3 wkh ulvn0qhxwudo lqiruphg wudghuv uhfhlyh d shuihfw vljqdo derxw wkh ydoxh ri wkh ulvn|

vhfxulwlhv1 Zlwk suredelolw| �
2 wkh vljqdo lv K dqg zlwk suredelolw| �

2 wkh vljqdo lv O= Dw w @ 4 /

wkh lqiruphg dqg qrlvh wudghuv vxeplw wkhlu rughuv wr pdunhw pdnhuv dqg wkh wzr ulvn| vhfxulwlhv

duh wudghg iru fdvk1 Wkhuh lv rqo| rqh urxqg ri wudglqj1 Wkh lqwhuhvw udwh lq wkh fdvk pdunhw lv

dvvxphg wr eh }hur1

Qrlvh wudghuv wudgh rqo| iru h{rjhqrxv uhdvrqv1 Rqh zd| ri wklqnlqj derxw qrlvh wudglqj lv

wkdw wkh wudglqj wdnhv sodfh ehfdxvh ri frqvxpswlrq +lq wkh vwrfn pdunhw, ru khgjlqj +lq wkh

ixwxuhv pdunhw, uhdvrqv wkdw duh qrw h{solflwo| prghoohg91 Vr dw w @ 3 ehiruh wkh wudglqj vwduwv

wkh qrlvh wudghuv uhfhlyh d frqvxpswlrq ru khgjlqj vkrfn wkdw fdq eh hlwkhu qhjdwlyh ru srvlwlyh1

Zh dvvxph wkdw wkh vkrfn lv srvlwlyh zlwk suredelolw| �
2 dqg qhjdwlyh zlwk suredelolw| �

2 = Wkh

vkrfn lv dvvxphg wr eh xqfruuhodwhg ehwzhhq wkh wzr pdunhwv dqg dovr xqfruuhodwhg zlwk wkh

lqirupdwlrq wkdw wkh lqiruphg wudghuv kdyh1 Li wkh frqvxpswlrq ru khgjlqj vkrfn lv srvlwlyh/

wkh qrlvh wudghuv zrxog olnh wr ex| ulvn| vhfxulwlhv dqg li wkh vkrfn lv qhjdwlyh/ wkh| zrxog olnh

wr vhoo vhfxulwlhv1

Wkh pdunhw pdnhuv duh dvvxphg eh ulvn0qhxwudo dqg frpshwlwlyh1 Dw w @ 4 wkh pdunhw

pdnhuv revhuyh wkh rughuv lq wkhlu uhvshfwlyh pdunhwv= wkh pdunhw pdnhuv lq wkh vwrfn pdunhw

revhuyh wkh rughuv lq wkh vwrfn pdunhw dqg pdunhw pdnhuv lq wkh ixwxuhv pdunhw revhuyh wkh

rughuv dw wkh ixwxuhv pdunhw1 Edvhg rq wkhvh rughuv/ wkh pdunhw pdnhuv vhw wkhlu sulfhv lq wkhlu

uhvshfwlyh pdunhwv1 Dw w @ 5 wkh pdunhw pdnhuv revhuyh wkh sulfhv wkdw zhuh txrwhg lq wkh rwkhu
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pdunhw dqg wkhq wkh| xsgdwh wkhlu sulfhv edvhg rq wkdw qhz lqirupdwlrq1 Qrwh wkdw qr qhz

wudglqj wdnhv sodfh dw w @ 5= Sf lv wkh sulfh ri erwk vwrfnv dqg ixwxuhv dw w @ 3 ehiruh wkh wudglqj

vwduwv1 Wkh sulfhv lq wkh vwrfn dqg ixwxuhv pdunhwv duh ghqrwhg e| Sr dqg Ss uhvshfwlyho| dw

w @ 4/ dqg wkh wudglqj yroxphv lq wkh wzr pdunhwv duh ghqrwhg e| V dqg I= Wkh sulfhv dw w @ 5

duh ghqrwhg e| S2 1

515 Wudglqj dw | ' �

Lqiruphg vshfxodwruv wudgh erwk lq wkh ixwxuhv pdunhw dqg lq wkh vwrfn pdunhw1 Lq wkh ixwxuhv

pdunhw wkh| duh deoh wr wudgh zlwk rxw dq| uhvwulfwlrqv dffruglqj wr wkhlu lqirupdwlrq1 Lq wkh

vwrfn pdunhw wkh| pljkw idfh d vkruw vdohv frqvwudlqw1 Vr zkhq wkh lqiruphg wudghuv uhfhlyh d

qhjdwlyh vljqdo/ wkh| fdq dozd|v vhoo ixwxuhv frqwudfwv1 Lq wkh vwrfn pdunhw wkh lqiruphg wudghuv

duh rqo| deoh wr vhoo li wkh| rzq wkh vwrfn1 Zh dvvxph wkdw wkhuh duh wzr nlqgv ri lqiruphg

wudghuv= zlwk suredelolw| � wkh| rzq wkh vwrfn dqg khqfh fdq dozd|v vhoo lq erwk pdunhwv/ dqg

zlwk suredelolw| 4 � � wkh| grq*w rzq wkh vwrfn dqg vhoolqj lv lpsrvvleoh lq wkh vwrfn pdunhw1

Qdwxudoo| wkhuh lv qr gl�huhqfh lq lqiruphg wudghuv delolw| wr ex| hlwkhu wkh vwrfn ru wkh ixwxuhv

frqwudfw1

Wkh qrlvh wudghuv idfh wkh vdph sureohp dv lqiruphg wudghuv1 Lq wkh ixwxuhv pdunhw wkh|

fdq dozd|v wudgh dffruglqj wkh wkhlu khgjlqj qhhgv/ exw lq wkh vwrfn pdunhw wkh| fdq rqo| vhoo

li wkh| rzq wkh vwrfn1 Iru vlpsolflw| lw lv dvvxphg wkdw wkh vkruw vdohv frqvwudlqw lv elqglqj iru

wkh qrlvh wudghuv zlwk wkh vdph suredelolw| dv zlwk wkh lqiruphg wudghuv= zlwk suredelolw| 4��

wkh frqvwudlqw lv elqglqj dqg zlwk suredelolw| � wkh qrlvh wudghuv rzq wkh vwrfn dqg duh deoh wr

vhoo li qhhghg:1 Qrlvh wudghuv rughuv duh qrupdol}hg wr eh ri rqh xqlw lq erwk pdunhwv1 Vr qrlvh

wudghuv dozd|v ex| rqh vwrfn ru d ixwxuhv frqwudfw zkhq wkh| uhfhlyh d srvlwlyh frqvxpswlrq ru

khgjlqj vkrfn1 Lq wkh ixwxuhv pdunhw/ wkh| dozd|v vhoo rqh frqwudfw diwhu d qhjdwlyh vkrfn1 Lq

wkh vwrfn pdunhw wkh| vhoo d vwrfn diwhu d qhjdwlyh vkrfn zlwk suredelolw| � dqg zlwk suredelolw|

4� � wkh| grq*w wudgh dw doo1

Wkhuh duh vhsdudwh pdunhw pdnhuv iru erwk pdunhwv1 Lw lv dvvxphg wkdw pdunhw pdnhuv lq

erwk pdunhwv duh deoh wr revhuyh rqo| wkh ex| dqg vhoo rughuv lq wkhlu rzq pdunhwv dw w @ 4/

8



vr wkdw wkh sulfhv lq wkh rwkhu pdunhw duh lqlwldoo| xqrevhuydeoh wr wkh pdunhw pdnhu lq wkh

rwkhu pdunhw1 Wkh vdph vwuxfwxuh lv dovr lq Fkdq +4<<6,/ zkhuh wkh sxusrvh lv wr h{sodlq furvv0

dxwrfruuhodwlrq ehwzhhq gl�huhqw vwrfnv1 Wklv dvvxpswlrq ri vlpxowdqhrxv xqrevhuydelolw| ri

wkh rwkhu pdunhw*v sulfhv lv fuxfldo wr wkh uhvxowv ri wklv sdshu1 Zlwkrxw wklv dvvxpswlrq wkhuh

zrxogq*w eh dq| sulfh gl�huhqfhv ehwzhhq wkh wzr pdunhwv1 Lq d g|qdplf vhwwlqj wklv fdq eh

wkrxjkw ri dv lqirupdwlrqdo odj ehwzhhq wkh wzr pdunhwv= wkh pdunhw pdnhuv grq*w revhuyh wkh

suhvhqw rughu  rz lq wkh rwkhu pdunhw/ exw frxog revhuyh wkh sdvw sulfhv lq wkh rwkhu pdunhw1

Lq dgglwlrq wr revhuylqj wkh ex| dqg vhoo rughuv vhsdudwho| lq wkhlu rzq pdunhwv/ wkh pdunhw

pdnhuv nqrz wkh suredelolwlhv ri lqirupdwlrq vljqdov/ frqvxpswlrq vkrfnv dqg elqglqj vkruw

vdohv frqvwudlqw/ exw wkh| grq*w ri frxuvh revhuyh wkh uhdol}dwlrqv ri wkhvh yduldeohv1 Wkh pdunhw

pdnhuv xsgdwh wkhlu eholhiv lq Ed|hvldq idvklrq derxw wkh olnholkrrg ri kljk dqg orz vljqdov diwhu

uhfhlylqj erwk ex| dqg vhoo rughuv dqg wkhq vhw sulfhv1 Wkh sulfhv duh vhw vr wkdw rq h{shfwhg

whupv wkh pdunhw pdnhuv euhdnv hyhq dqg wkdw wkh pdunhwv fohdu1

Lqiruphg wudghuv ex| dqg vhoo xvlqj wkh vdph rughu vl}hv dv qrlvh wudghuv1 Lqiruphg wudghuv

duh deoh wr pdnh olplw rughuv1 Lq prvw N|oh +4<;8, w|sh prghov wkh lqiruphg wudghuv duh dvvxphg

wr eh deoh wr pdnh rqo| pdunhw rughuv1 Khuh wkh vwudwhj| vsdfh ri lqiruphg wudghuv lv hqodujhg

e| hqdeolqj wkhp wr pdnh rughuv frqglwlrqdo rq wkh sulfh wkdw zrxog suhydlo li wkh| zhuh wr

sodfh d ex| ru vhoo rughu1 Olplw rughuv duh d pruh uhdolvwlf zd| ri prghoolqj lqiruphg wudghuv*

ehkdylru1 D frqyhqlhqw zd| ri prghoolqj olplw rughuv lv wr xvh wkh uhvxowv iurp Urfkhw dqg Ylod

+4<<7,1 Wkh| vkrz wkdw wkh N|oh +4<;<, prgho/ zkhuh olplw rughuv duh srvvleoh iru wkh lqiruphg

wudghu/ lv htxlydohqw wr wkh N|oh +4<;8, prgho/ zkhuh wkh lqiruphg wudghu rqo| sodfhv pdunhw

rughuv/ li lq wkh odwwhu lw lv dvvxphg wkdw wkh lqiruphg wudghu revhuyhv wkh dprxqw wkdw qrlvh

wudghuv duh wudglqj1 Iroorzlqj Urfkhw dqg Ylod +4<<7, lw lv dvvxphg wkdw wkh lqiruphg wudghuv

revhuyh qrlvh wudghuv rughuv ehiruh ex|lqj ru vhoolqj1 Krzhyhu/ lw lv lpsruwdqw wr hpskdvl}h wkdw

wklv dvvxpswlrq lv phuho| d frqyhqlhqw zd| ri prghoolqj olplw rughuv1

Sodflqj dq rughu zlwk wkh pdunhw pdnhu frvwv wkh dq dprxqw f lq erwk pdunhwv1 Lw lv dvvxphg

wkdw �3b
�32b A f A 3= Wklv frvw lv vpdoo hqrxjk wr doorz sur�wdeoh wudglqj zkhqhyhu sulfhv gr qrw
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ixoo| uh hfw wkh lqirupdwlrq wkdw lqiruphg wudghuv kdyh/ exw surklelwv rughuv zkhq wkh sur�w

irup wudglqj lv }hur1

516 Sulfhv lq wkh ixwxuhv pdunhw dw | ' �

Zkhq wkh lqiruphg wudghu kdv uhfhlyhg d kljk vljqdo/ vkh kdv wr pdnh wkh ghflvlrq zkhwkhu wr ex|

d ixwxuhv frqwudfw ru qrw1 Vkh lv deoh wr pdnh d olplw rughu= ghshqglqj rq qrlvh wudghu ghpdqg/

wkh lqiruphg wudghu zloo hlwkhu ex| rqh ixwxuhv frqwudfw ru gr qrwklqj1 Wklv lv htxlydohqw wr

sodflqj dq rughu frqglwlrqdo rq d fhuwdlq sulfh1 Vr li wkh qrlvh wudghu ex|v rqh frqwudfw/ wkh

lqiruphg wudghu zloo qrw gr dq|wklqj1 Li vkh erxjkw rqh frqwudfw dv zhoo/ wkh pdunhw pdnhu

zrxog nqrz wkdw lqiruphg wudghu lv ex|lqj dqg khqfh wkh vljqdo pxvw kdyh ehhq kljk1 Dv d

uhvxow vkh zrxog orvh wkh dprxqw f= Wklv zloo kdsshq zlwk suredelolw| �
e = Dv d uhvxow/ rqh ex|

rughu lqglfdwhv wkdw d kljk vljqdo kdv rffxuuhg1 Vlploduo|/ li wkh vljqdo kdv ehhq orz dqg wkh

qrlvh wudghuv vhoo rqh ixwxuhv frqwudfw/ wkh lqiruphg wudghu djdlq zloo gr qrwklqj= wzr vhoo rughuv

zrxog lqglfdwh wr wkh pdunhw pdnhu wkdw d qhjdwlyh vljqdo kdv rffxuuhg zlwk fhuwdlqw|1 Vr rqh

vhoo rughu lqglfdwhv wkdw d orz vljqdo kdv rffxuuhg1 Zkhq wkh vljqdo kdv ehhq kljk/ exw wkh qrlvh

wudghu lv vhoolqj/ wkhq wkh lqiruphg wudghu fdq ex|1 Frqyhuvho|/ lq wkh fdvh ri d orz vljqdo dqg

qrlvh wudghu lv ex|lqj/ wkh lqiruphg wudghu fdq qrz vhoo1 Dv d uhvxow/ zkhq hyhu wkh pdunhw

pdnhu vhhv rqh ex| rughu dqg rqh vhoo rughu/ kh lv qrw deoh wr fkdqjh klv eholhiv derxw wkh

olnholkrrg ri d jrrg vljqdo/ vlqfh erwk qhjdwlyh dqg srvlwlyh vljqdov duh htxdoo| olnho|1

Vljqdo Qrlvh wudghu Lqiruphg wudghu Mrlqw

uhfhlyhg ghpdqg ghpdqg suredelolw|

Kljk .4 3 �
e

Kljk 04 .4 �
e

Orz .4 04 �
e

Orz 04 3 �
e

Qrz wkh sulfhv iru ixwxuhv frqwudfwv/ nhhslqj lq plqg wkdw d kljk vljqdo lv qrupdol}hg wr eh

rqh dqg d orz vljqdo lv qrupdol}hg wr eh }hur/ fdq eh vlpso| vwdwhg dv wkh frqglwlrqdo suredelolw|

wkdw wkh kljk vljqdo kdv rffxuuhg jlyhq wkh revhuyhg rughuv=

:



Ss +K m .4> 3, @ 4 +4,

Ss +K m .4>�4, @
4

5

Ss +K m �4> 3, @ 3

517 Sulfhv lq wkh vwrfn pdunhw dw | ' �

Sulflqj ri wkh vwrfn lv pruh frpsolfdwhg wkdq wkh sulflqj ri wkh ixwxuhv frqwudfw ehfdxvh ri wkh

srwhqwldoo| elqglqj vkruw vdohv frqvwudlqw wkdw hlwkhu wkh lqiruphg ru wkh qrlvh wudghu idfhv1 Iluvw

wkh fdvh zkhq wkh vljqdo lv srvlwlyh lv frqvlghuhg11 Zkhq wkh qrlvh wudghu ghpdqg lv srvlwlyh/

wkh lqiruphg wudghu fdq hlwkhu ex| rqh vwrfn ru gr qrwklqj1 Li vkh erxjkw d vwrfn/ wkhq wkh

pdunhw pdnhu zrxog nqrz wkdw wkh vljqdo kdv ehhq srvlwlyh zlwk fhuwdlqw|1 Wkhq wkh lqiruphg

wudghu zrxog orrvh wkh frvw f= Vr vkh lv ehwwhu r� grlqj qrwklqj1 Li wkh qrlvh wudghu vhoov rqh

vwrfn/ wkh lqiruphg wudghu fdq srwhqwldoo| ex| rqh vwrfn/ ehfdxvh wklv rughu  rz pljkw rffxu

dovr zlwk d qhjdwlyh vljqdo1 Ilqdoo|/ li wkh qrlvh wudghu lv xqdeoh wr wudgh ehfdxvh ri wkh vkruw

vdohv frqvwudlqw/ wkh lqiruphg wudghu pljkw eh deoh wr ex| d vwrfn sur�wdeo| ghshqglqj rq zkdw

kdsshqv zkhq wkh vljqdo lv qhjdwlyh1

Dv d vxppdu| wkh ghpdqgv iurp wkh lqiruphg dqg qrlvh wudghuv wrjhwkhu zlwk wkh mrlqw

suredelolw| ri wkh hyhqw rffxuulqj fdq eh vxppdul}hg dv iroorzv=

Vkruw vdohv Qrlvh wudghu Lqiruphg wudghu Mrlqw

frqvwudlqw elqglqj ghpdqg ghpdqg suredelolw|

Qr .4 3 b
e

Qr 04 .4 b
e

\hv iru QW .4 3 �3b
e

\hv iru QW 3 .4 �3b
e

Zkhq wkh lqirupdwlrq uhfhlyhg e| wkh lqiruphg wudghuv lv qhjdwlyh dqg wkh vkruw vdohv frq0

vwudlqw lv qrw elqglqj/ wkh ghpdqgv ri wkh wudghuv duh h{dfwo| olnh lq wkh ixwxuhv pdunhw= li wkh

qrlvh wudghu ex|v/ wkh lqiruphg wudghuv zloo vhoo rqh vwrfn dqg li wkh qrlvh wudghu vhoov/ wkhq wkh

lqiruphg wudghu lv ehwwhu r� e| grlqj qrwklqj1 Li wkh lqiruphg wudghu fdqqrw wudgh ehfdxvh ri

wkh vkruw vdohv frqvwudlqw/ wkh rughu  rz lv ghwhuplqhg e| wkh qrlvh wudglqj dfwlylw|= hlwkhu rqh

ex| ru rqh vhoo rughu lv revhuyhg e| wkh pdunhw pdnhu1 Li wkh qrlvh wudghu lv frqvwudlqhg e| wkh

;



elqglqj vkruw vdohv frqvwudlqw/ wkh lqiruphg wudghu zloo vhoo rqh vwrfn li wkh qrlvh wudghu ex|v

dqg zloo gr qrwklqj li wkh qrlvh wudghu grhv qrwklqj1 Lq wkh odwwhu fdvh li wkh lqiruphg wudghu

wulhg wr vhoo/ wkh pdunhw pdnhu zrxog nqrz zlwk fhuwdlqw| wkdw wkh vljqdo kdv ehhq orz1 Zkhq

wkh vkruw vdohv frqvwudlqw lv elqglqj iru erwk vlghv/ wkhq wkh lqiruphg wudghu fdqqrw gr dq|wklqj

dqg pdunhw pdnhu vhhv rqo| wkh rughuv ri wkh qrlvh wudghu1

Wklv fdq eh vxppdul}hg dv iroorzv=

Vkruw vdohv Qrlvh wudghu Lqiruphg wudghu Mrlqw

frqvwudlqw elqglqj ghpdqg ghpdqg suredelolw|

Qr .4 04 b2

e

Qr 04 3 b2

e

\hv iru LW .4 3 E�3b�b
e

\hv iru LW 04 3 E�3b�b
e

\hv iru QW .4 04 E�3b�b
e

\hv iru QW 3 3 E�3b�b
e

\hv iru erwk .4 3 E�3b�2

e

\hv iru erwk 3 3 E�3b�2

e

Qrz zh duh deoh wr fdofxodwh wkh sulfhv iru wkh vwrfn jlyhq wkh rughu  rz1 Ed|hvldq xsgdwlqj

|lhogv wkh iroorzlqj sulfhv iru wkh vwrfn=

Sr +K m .4> 3, @
5� �

6� 5�
+5,

Sr +K m .4>�4, @
4

5

Sr +K m 3> 3, @ 3

Sr +K m �4> 3, @ 3

Lw lv zruwk qrwlqj wkdw qr wudglqj lv edg qhzv iru wkh vwrfn*v sulfh1 Lq wklv vlpsoh prgho qr

wudglqj ohdgv wr ixoo uhyhodwlrq= qr wudglqj phdqv wkdw d jrrg vljqdo kdvq*w rffxuuhg/ rwkhuzlvh

vrpherg| zrxog kdyh sodfhg d ex| rughu1

518 Lpsolfdwlrqv iru sulfhv dqg wudglqj yroxphv

Qrz lw lv srvvleoh wr fdofxodwh wkh uhdfwlrqv lq erwk pdunhwv zkhq lqiruphg wudghuv uhfhlyh

hlwkhu wkh kljk ru orz vljqdov1 Wkh sulfhv jlyhq e| wkh htxdwlrqv 4 dqg 5 duh pxowlsolhg e| wkh

<



suredelolw| ri revhuylqj wkdw rughu  rz jlyhq wkh vljqdo1 Wkh h{shfwhg sulfh iru wkh ixwxuhv

frqwudfw jlyhq wkh kljk ru orz vljqdo lv wkxv=

H +Ss m K, @
6

7
+6,

H +Ss m O, @
4

7

Vlploduo| wkh h{shfwhg sulfhv lq wkh vwrfn pdunhw duh fdofxodwhg jlyhq hlwkhu wkh kljk ru orz

vljqdo=

H +Sr m K, @
�

7
.

�
4�

�

5

�
5� �

6� 5�
+7,

H +Sr m O, @
�

7
.

�
4� �

5

�
5� �

6� 5�

Qrz lw lv srvvleoh wr vwdwh wkh iroorzlqj wzr uhvxowv wkdw hvwdeolvk wkdw wkh ixwxuhv sulfhv duh

pruh lqirupdwlyh wkdq wkh vwrfn sulfhv=

Sursrvlwlrq 4 Jlyhq wkh orz vljqdo/ wkh h{shfwhg sulfh ri wkh ixwxuhv frqwudfw lv orzhu wkdq wkh

h{shfwhg sulfh ri wkh vwrfn1 Wkh gl�huhqfh H +Ss m O,�H +Sr m O, lv dq lqfuhdvlqj ixqfwlrq ri �=

Li wkh vkruw vdohv duh doorzhg/ wkh h{shfwhg sulfhv duh htxdo1

Surri1 Iluvw qrwh wkdw li � @ 3> wkhq H +Sr m O, @ �
� 1Dovr li � @ 4> wkhq H +Sr m O, @ �

e =

Qrz lw vx!fhv wr vkrz wkdw _.E�r�M�
_b

? 3 iru ; �= Wkh ghulydwlyh lv _.E�r�M�
_b

@ 3�
eE�32b�2

/ zklfk

lv dozd|v qhjdwlyh1

Wklv uhvxow lv yhu| lqwxlwlyh/ vlqfh d vkruw vdohv frqvwudlqw glplqlvkhv wkh rssruwxqlwlhv iru

wudglqj lq wkh vwrfn pdunhw/ exw qrw lq wkh ixwxuhv pdunhw diwhu wkh lqiruphg wudghu kdv uhfhlyhg

qhjdwlyh lqirupdwlrq1 Qrwh wkdw wkh vkruw vdohv frqvwudlqw grhvq*w dfwxdoo| kdyh wr eh elqglqj/

lw lv hqrxjk wkdw wkh frqvwudlqw lv h{shfwhg wr eh elqglqj iru vrph wudghuv1 Wkh qh{w uhvxow lv

ohvv lqwxlwlyh dw d �uvw jodqfh=
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Sursrvlwlrq 5 Jlyhq wkh kljk vljqdo/ wkh h{shfwhg sulfh ri wkh ixwxuhv frqwudfw lv kljkhu wkdq

wkh h{shfwhg sulfh ri wkh vwrfn1 Wkh gl�huhqfh H +Ss m K,�H +Sr m K, lv d ghfuhdvlqj ixqfwlrq

ri �= Li wkh vkruw vdohv duh doorzhg/ wkh h{shfwhg sulfhv duh htxdo1

Surri1 Iluvw qrwh wkdw li � @ 3> wkhq H +Sr m K, @ 2
� 1Dovr li � @ 4> wkhq H +Sr m K, @ �

e =

Qrz lw vx!fhv wr vkrz wkdw _.E�r�M�
_b

A 3 iru ; �= Wkh ghulydwlyh lv _.E�r�M�
_b

@ �
eE�32b�2

/ zklfk

lv dozd|v srvlwlyh1

Wkh uhdvrq ehklqg wklv uhvxow lv wkdw wkh vkruw vdohv frqvwudlqwv wkh lqiruphg dqg qrlvh

wudghuv idfh diwhu d orz vljqdo fuhdwh ohvv lqirupdwlrq uhyhodwlrq lq wkh vwrfn pdunhw hyhq diwhu

d jrrg vljqdo1 Ri frxuvh wkh vkruw vdohv frqvwudlqw lv qrw elqglqj iru dq lqiruphg wudghu diwhu

d srvlwlyh vljqdo= vkh lv dozd|v deoh wr ex| d vwrfn mxvw olnh vkh lv dozd|v deoh wr ex| d ixwxuhv

frqwudfw1 Krzhyhu/ wkh rughu  rz lv qrz ohvv lqirupdwlyh lq wkh vwrfn pdunhw wkdq lq wkh ixwxuhv

pdunhw1 Li wkh pdunhw pdnhu revhuyhv rqh ex| rughu lq wkh vwrfn pdunhw/ kh grhvq*w nqrz

zkhwkhu wkdw uhvxowhg iurp d jrrg vljqdo ru vlpso| iurp wkh lqdelolw| ri wkh lqiruphg wudghu wr

vhoo diwhu d orz vljqdo1

Wkh wzr deryh uhvxowv frqfhuqlqj wkh lqirupdwlyhqhvv ri ixwxuhv dqg vwrfn sulfhv duh qrw

gluhfwo| hpslulfdoo| whvwdeoh1 Khqfh/ zh hvwdeolvk wkh iroorzlqj uhodwlrqvklsv wkdw fdq eh gluhfwo|

whvwhg1

Sursrvlwlrq 6 Wkh h{shfwhg edvlv H +Ss � Sr, lv srvlwlyho| uhodwhg wr wkh frqwhpsrudqhrxv ix0

wxuhv uhwxuq H +Ss � Sf, =

Surri1 Wkh fryduldqfh fdq eh zulwwhq dv H ^+Ss � Sr, +Ss � Sf,`/ vlqfh wkh h{shfwhg ixwxuhv

uhwxuq lv }hur1 Xvlqj wkdw gh�qlwlrq/ wkh fryduldqfh fdq eh zulwwhq dv

�
�S

k
�3b
�32b +5� �, . 23b

�32b +4� �, . �
l
/ zklfk vlpsol�hv wr eh �

�S
e3�b
�32b A 3

Wklv sursrvlwlrq hvwdeolvkhv wkdw zkhq wkh ixwxuhv sulfh fkdqjhv/ wkh vwrfn sulfh fkdqjhv wr

wkh vdph gluhfwlrq/ exw e| ohvv ri dq dprxqw1

Sursrvlwlrq 7 Wkh h{shfwhg edvlv H +Ss � Sr, lv qhjdwlyho| uhodwhg wr wkh frqwhpsrudqhrxv

vwrfn uhwxuq H +Sr � Sf,
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Surri1 Wkh fryduldqfh fdq eh zulwwhq dv H ^+Ss � Sr, +Sr � Sf,`/ vlqfh wkh h{shfwhg vwrfn

uhwxuq lv }hur1 Xvlqj wkdw gh�qlwlrq/ wkh fryduldqfh fdq eh zulwwhq dv

�
H

�
�3b
�32b

23b
2E�32b� �

�
�

2E�32b�

�2
+6� 5�,� 23b

�32b
�3b

2E�32b� �
�
e

�
/ zklfk vlpsol�hv wr eh

� �
�2

e32b
�32b ? 3

Dffruglqj wr wklv sursrvlwlrq zkhq wkh vwrfn sulfh fkdqjhv/ wkh ixwxuhv sulfh fkdqjhv wr

wkh vdph gluhfwlrq/ exw e| d vpdoohu dprxqw1 Qrwh/ krzhyhu/ wkdw wkh edvlv lv pruh vwurqjo|

uhodwhg wr wkh frqwhpsrudqhrxv ixwxuhv uhwxuqv wkdq wr wkh frqwhpsrudqhrxv vwrfn uhwxuq/ vlqfh

�
�S

e3�b
�32b A �

�2
e32b
�32b iru 4 A �1 Rqo| li wkh vkruw vdohv frqvwudlqw lv qhyhu elqglqj wkhuh lv qr

gl�huhqfh lq pdjqlwxgh1

Qrw rqo| wkh h{shfwhg sulfhv/ exw dovr wkh h{shfwhg wudglqj yroxphv vkrxog gl�hu lq wkh

vwrfn pdunhw ghshqglqj rq wkh lqirupdwlrq wkdw wkh lqiruphg wudghuv uhfhlyh1 Li wkh vljqdo lv

qhjdwlyh dqg li wkh vkruw vdohv frqvwudlqw lv elqglqj iru wkh lqiruphg wudghu/ wkhq qdwxudoo| wkh

h{shfwhg wudglqj yroxph vkrxog eh orzhu frpsduhg wr wkh yroxph li wkh vljqdo lv srvlwlyh1

Sursrvlwlrq 8 Wkh h{shfwhg vwrfn wudglqj yroxph H +V, lv srvlwlyho| uhodwhg wr wkh frqwhpsr0

udqhrxv vwrfn uhwxuq H +S7 � Sf,

Surri1 Wkh fryduldqfh fdq eh zulwwhq dv H ^V +Sr � Sf,`/ vlqfh wkh h{shfwhg vwrfn uhwxuq lv

}hur1 Xvlqj wkdw gh�qlwlrq/ wkh fryduldqfh fdq eh zulwwhq dv �
H �

b
H @ �3b

H A 3

Wkh wzr hpslulfdo lpsolfdwlrqv derxw wkh sulflqj huuru dqg ixwxuhv dqg vwrfn uhwxuqv frxog eh

uhvxowv ri d ohduqlqj surfhvv ehwzhhq wzr pdunhwv wkdw kdyh lqirupdwlrqdo odjv ehwzhhq wkhp +vhh

Fkdq +4<<6,,/ exw zlwkrxw vkruw vdohv frqvwudlqwv wkhuh zrxogq*w eh dq| uhodwlrqvkls ehwzhhq

wkh wudglqj yroxph dqg uhwxuqv1

Sursrvlwlrq 9 Wkh ixwxuhv wudglqj yroxph H +I , lv qrw uhodwhg wr wkh frqwhpsrudqhrxv ixwxuhv

uhwxuq H +S8 � Sf,

Surri1 Lw lv vwudljkwiruzdug wr vkrz wkdw wkh fryduldqfh lv dozd|v }hur
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519 Sulfhv dw | ' 2

Dw w @ 4 wkh pdunhu pdnhuv revhuyhg wkh rughu  rz lq wkhlu rzq pdunhwv1 Diwhu wkh wudglqj

kdv wdnhq sodfh/ wkh pdunhw pdnhuv duh deoh wr revhuyh zkdw kdv kdsshqhg lq wkh rwkhu pdunhw1

Edvhg rq wkh sulfhv dw w @ 4 lq wkh wzr pdunhwv/ wkh pdunhw pdnhuv xsgdwh wkhlu txrwhv xvlqj

wkh Ed|hv uxoh1 Wkh iroorzlqj sulfhv suhydlo dw w @ 5 =

S2

�
K m Ss @ 4> Sr @

5� �

6� 5�

�
@ S2

�
K m Ss @ 4> Sr @

4

5

�
@ 4 +8,

S2

�
K m Ss @

4

5
> Sr @

5� �

6� 5�

�
@

5� �

6� 5�

S2

�
K m Ss @ 3> Sr @

5� �

6� 5�

�
@ S2

�
K m Ss @ 3> Sr @

4

5

�
@ 3

S2 +K m Ss @ 3> Sr @ 3, @ S2

�
K m Ss @

4

5
> Sr @ 3

�
@ 3

Qrwh wkdw qr qhz wudglqj lv qhhghg wr dfklhyh wklv xsgdwlqj wr qhz sulfhv1 Lw lv dovr zruwk

revhuylqj wkdw erwk pdunhwv frqwulexwh wr wklv ohduqlqj surfhvv= wkh frpprq sulfh wkh suhydlov

dw w @ 5 lv dozd|v wkh vdph dv wkh sulfh wkdw ghyldwhg wkh prvw iurp Sf @ �
2 / luuhvshfwlyh ri

wkh pdunhw1 Lq sduwlfxodu/ li hlwkhu rqh ri wkh sulfhv lv ixoo| uhyhdolqj dw w @ 4 / wkhq erwk ri wkh

sulfhv duh ixoo| uhyhdolqj dw w @ 5=

51: Lpsolfdwlrqv iru ohdg0odj

Qrz lw lv srvvleoh wr fdofxodwh wkh ohdg0odj uhodwlrqvklsv ehwzhhq wkh wzr pdunhwv1 Wkh iroorzlqj

wzr sursrvlwlrqv fdq eh hvwdeolvkhg=

Sursrvlwlrq : Wkh odjjhg ixwxuhv uhwxuq Ss � Sf ohdgv wkh h{shfwhg vwrfn uhwxuq H +S2 � Sr, =

Surri1 Wkh fryduldqfh ehwzhhq vhfrqg shulrg vwrfn uhwxuq dqg �uvw shulrg ixwxuhv uhwxuq

fdq eh zulwwhq dv H ^+S2 � Sr, +Ss � Sf,`/ vlqfh wkh h{shfwhg ixwxuhv uhwxuq lv }hur1 Xvlqj wkdw

gh�qlwlrq/ wkh fryduldqfh fdq eh zulwwhq dv �
�S

k
�3b
�32b +5� �, . 23b

�32b +4� �, . �
l
/ zklfk vlpsol�hv

wr �
�S

e3�b
�32b A 3

Sursrvlwlrq ; Wkh odjjhg vwrfn uhwxuq Sr � Sf ohdgv wkh h{shfwhg ixwxuhv uhwxuq H +S2 � Ss ,
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Surri1 Wkh fryduldqfh ehwzhhq vhfrqg shulrg ixwxuhv uhwxuq dqg �uvw shulrg vwrfn uhwxuq

fdq eh zulwwhq dv H ^+Ss � Sr, +Sr � Sf,`/ vlqfh wkh h{shfwhg vwrfn uhwxuq lv }hur1 Xvlqj wkdw

gh�qlwlrq/ wkh fryduldqfh fdq eh zulwwhq dv �
H

��
�

2E�32b�

�2
+6� 5�, . �

e

�
/ zklfk vlpsol�hv wr

�
�2

e32b
�32b A 3

Wkhvh wzr sursrvlwlrqv duh hvvhqwldoo| wkh vdph dv wkh sursrvlwlrqv ehwzhhq wkh edvlv dqg

wkh frqwhpsrudqhrxv ixwxuhv uhwxuq dqg edvlv dqg wkh frqwhpsrudqhrxv vwrfn uhwxuq1 Lw fdq

eh dovr vwdwhg wkdw wkh ixwxuhv uhwxuq ohdgv wkh vwrfn uhwxuq pruh wkdq wkh rwkhu zd| durxqg/

vlqfh �
�S

e3�b
�32b A �

�2
e32b
�32b iru doo 4 A � 1 Rqo| li wkhuh lv qr vkruw vdohv frqvwudlqwv wkh ohdg0odj

uhodwlrqvkls lv htxdoo| vljql�fdqw erwk zd|v1

6 Hpslulfdo uhvxowv;

Gdlo| forvlqj ydoxhv duh xvhg iru erwk wkh ixwxuhv frqwudfw dqg wkh xqghuo|lqj vwrfn lqgh{/ fdoohg

wkh IR[ lqgh{/ iurp wkh Ilqqlvk Rswlrqv Pdunhw +IRP, wr whvw wkh lpsolfdwlrqv ri wklv prgho1

Wkh vdpsoh frqwdlqv gdwd yluwxdoo| iurp wkh vwduw ri wkh Ilqqlvk lqgh{ ixwxuhv pdunhw/ Pd| 5:/

4<;;/ xqwlo Pd| 64/ 4<<7 <1 Wkh Ilqqlvk pdunhw surylghv d jrrg hqylurqphqw iru whvwlqj rxu

wkhru|/ vlqfh vkruw vdohv zhuh qrw doorzhg gxulqj wkh wlph ri vwxg|1 Pruhryhu/ wkhuh kdyh ehhq

odujh ghyldwlrqv ehwzhhq vwrfn dqg ixwxuhv sulfhv +vhh Iljxuh 4,1

Vlqfh zh whvw d prgho ri dv|pphwulf lqirupdwlrq xvlqj d vwrfn lqgh{ dqg lqgh{ ixwxuhv

sulfhv/ d fuxfldo txhvwlrq lv zkhwkhu wkhuh uhdoo| lv dv|pphwulf lqirupdwlrq dprqj wkh lqyhvwruv

frqfhuqlqj wkh ydoxh ri dq hqwluh vwrfn lqgh{1 Lw fdq eh dujxhg wkdw sulydwh lqirupdwlrq lv

prvwo| �up0vshfl�f/ wkh h�hfw ri zklfk vkrxog eh odujho| glyhuvl�hg dzd| lq dq lqgh{1 Zh dujxh/

krzhyhu/ wkdw wklv lv qrw wkh fdvh zlwk wkh IR[ lqgh{1 Lw frqvlvwv ri wkh 58 prvw dfwlyho| wudghg

vwrfnv lq wkh Khovlqnl Vwrfn H{fkdqjh1 Dv d ydoxh0zhljkwhg lqgh{ rqo| wkh ihz odujhvw vwrfnv

grplqdwh lw lq sudfwlvh 431 Khqfh sulydwh lqirupdwlrq uhjduglqj wkhvh ihz vwrfnv vkrxog dovr eh

uh hfwhg lq wkh zkroh lqgh{1 Wkhuhiruh wkh lpsolfdwlrqv ri rxu prgho ri lqiruphg vshfxodwlyh

wudglqj vkrxog dovr eh uhohydqw wr wkh ghulydwlyhv pdunhw edvhg rq wkh IR[ lqgh{1

Dqrwkhu lqwhuhvwlqj ihdwxuh ri wkh Ilqqlvk pdunhw lv wkdw lq wkh vwrfn pdunhw d eurnhu kdv
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wr lghqwli| khuvhoi zkhq grlqj wudghv/ zkhuhdv lq wkh lqgh{ ixwxuhv dqg rswlrqv pdunhw vkh grhv

qrw kdyh wr1 Wklv uhdglo| jlyhv dqrwkhu prwlyh iru ehwwhu lqiruphg wudghuv lq Ilqodqg wr xvh wkh

ghulydwlyhv* pdunhw1

Rq d wklq pdunhw olnh Ilqodqg wkhuh lv d srwhqwldo sureohp ri lqiuhtxhqw wudglqj ri vwrfnv

wkdw zrxog lqgxfh vsxulrxv srvlwlyh dxwrfruuhodwlrq lqwr wkh vwrfn lqgh{ uhwxuqv1 Lqghhg/ wkh

gdlo| orjgl�huhqfhv ri wkh IR[ lqgh{ gr h{klelw odujh srvlwlyh dxwrfruuhodwlrq +vhh Wdeoh L,441

Wkh lqgh{ ixwxuhv sulfhv frxog wkxv �ohdg� wkh vwrfn lqgh{ ydoxh phuho| e| wdnlqj lqwr dffrxqw

wkh srvlwlyh dxwrfruuhodwlrq h{klelwhg e| wkh revhuyhg lqgh{ uhwxuqv1 Wkhuhiruh lw lv qhfhvvdu|

wr �uvw sxujh wkh lqgh{ uhwxuqv iurp wkh dxwrfruuhodwlrq/ iru rwkhuzlvh lw lv lpsrvvleoh wr whoo

zkhwkhu d ohdg0odj uhodwlrqvkls ehwzhhq wkh ixwxuhv dqg wkh vwrfn pdunhw lv uhdoo| gxh wr wkh

vkruw vdohv frqvwudlqwv ru gxh wr wkh vsxulrxv dxwrfruuhodwlrq1 Iru wklv sxusrvh zh xvh wkh

phwkrg ri Mrnlyxrooh +4<<8, wkdw doorzv wkh frpsxwdwlrq ri wkh wuxh vwrfn lqgh{ ydoxh 0 lq

ohyhov dv zhoo dv lq uhwxuqv 0 edvhg rq dq DUPD+s/t, vshfl�fdwlrq ri wkh revhuyhg lqgh{ uhwxuq

surfhvv451 Wkhq wkh wuxh lqgh{ ydoxh dqg uhwxuqv duh xvhg wr frqwuro iru wkh dxwrfruuhodwlrq ri

wkh IR[ lqgh{ lq rxu hpslulfdo whvwv1 Khuhdiwhu/ zkhqhyhu zh uhihu wr dq lqgh{ ydoxh/ uhwxuq/

ru wkh ixwxuhv edvlv +lqyroylqj wkh lqgh{ ydoxh,/ zh phdq wkh wuxh lqgh{ ydoxh/ li qrw qrwhg

rwkhuzlvh461

Ri wkh wzr ixwxuhv frqwudfwv wkdw zhuh vlpxowdqhrxvo| dydlodeoh lq wkh Ilqqlvk pdunhw gxulqj

rxu vdpsoh shulrg/ zh xvh wkh rqh zlwk wkh vkruwhu wlph0wr0pdwxulw|1 Wkh orqjhu frqwudfw dozd|v

kdv d wlph0wr0pdwxulw| ri wzr prqwkv soxv wkh pdwxulw| ri wkh vkruwhu frqwudfw1 D qhz frqwudfw

uhsodfhv wkh rog rqh d zhhn ehiruh wkh h{sludwlrq gd|1 Wkh pdlq uhdvrq iru xvlqj wkh vkruwhu

frqwudfw iru wkh hpslulfdo dqdo|vlv lv lwv kljkhu oltxlglw|1

Wkh ixwxuhv edvlv lv frpsxwhg dv wkh shufhqwdjh gl�huhqfh ehwzhhq wkh ixwxuhv pdunhw sulfh

dqg lwv wkhruhwlfdo ehqfkpdun ydoxh dffruglqj wr wkh frvw0ri0fduu| uhodwlrqvkls 47 Wkdw lq wxuq lv

frpsxwhg xvlqj wkh 60prqwk Khovlqnl Lqwhuedqn R�huhg Udwh +Kholeru,/ dqg wkh dfwxdo glylghqgv

sdlg rq wkh xqghuo|lqj vwrfn sruwirolr gxulqj wkh ixwxuhv* uhpdlqlqj wlph0wr0pdwxulw|1 Wkdw lv

Edvlv| @ +LscJ| � Lsc6| ,@Lsc6| > +9,
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zkhuh LscJ| lv wkh revhuyhg lqgh{ ixwxuhv sulfh dw wlph w/ dqg Lsc6| @ +LW| �GA
| , h{s^u+W � w,` lv wkh

wkhruhwlfdo lqgh{ ixwxuhv sulfh dw wlph w1 LW| lv wkh wuxh lqgh{ ydoxh dw wlph w/ W lv wkh h{sludwlrq

shulrg ri wkh ixwxuhv frqwudfw/ dqg GA
| lv wkh suhvhqw ydoxh dw wlph w ri wkh glylghqgv ehwzhhq w

dqg W 1 Wkh ulvn iuhh udwh lv ghqrwhg e| u1

Wkh ixwxuhv uhwxuq lv frpsxwhg dv wkh lqgh{ uhwxuq lpsolhg e| wkh ixwxuhv sulfhv dvvxplqj

wkdw wkh frvw0ri0fduu| uhodwlrqvkls krogv> l1h1

Ixwxuhvuhwxuq| @ oq+LWc�| @LWc�|3�,> +:,

zkhuh LWc�| @ LscJ| h{s^�u+W � w,` . GA
| =Wklv lv grqh lq rughu wr frqwuro iru wkh ghwhuplqlvwlf

frvw0ri0fduu| frpsrqhqw ri wkh ixwxuhv sulfh fkdqjhv1

Wkh ixwxuhv wudglqj yroxph lv phdvxuhg dv wkh qxpehu ri frqwudfwv wudghg gdlo|1 Lw grhv

qrw vkrz dq| wuhqg gxulqj rxu shulrg ri lqyhvwljdwlrq/ dowkrxjk wkhuh lv yduldwlrq lq wkh gdlo|

yroxph1 Wkh vdpsoh dyhudjh qxpehu ri frqwudfwv wudghg gdlo| lv 4951 Wkhuh lv d vljql�fdqw

qxpehu ri gd|v zkhq wkhuh zdv qr ixwxuhv wudglqj dw doo1 Ehfdxvh ri wkhvh }hur revhuydwlrqv

lq wkh ixwxuhv yroxph vhulhv zh dqdo|}h wkh vhulhv lq ohyhov dv vxfk/ dqg gr qrw xvh orjdulwkplf

wudqvirupdwlrqv1

Wudglqj yroxph ri wkh IR[ lqgh{ rq gd| w lv phdvxuhg dffruglqj wr wkh iroorzlqj irupxod=

yroxph| @
2D[
�'�

Kljk�c| .Orz�c|

5
Q�c|> +;,

zkhuh Kljk�c| lv wkh pd{lpxp wudqvdfwlrq sulfh gxulqj gd| w ri vwrfn l/ Orz�c| lv wkh plqlpxp

wudqvdfwlrq sulfh gxulqj gd| w ri vwrfn l/ Q�c| lv wkh qxpehu ri vkduhv ri vwrfn l wudghg gxulqj gd|

w/ dqg 58 lv wkh qxpehu ri IR[ lqgh{ vwrfnv1 Wkh dyhudjh ri wkh gdlo| pd{lpxp dqg plqlpxp

wudqvdfwlrq sulfh ri hdfk vwrfn zdv xvhg dv wkh ehvw dydlodeoh sur{| ri wkh gdlo| dyhudjh sulfh1

Wkh yduldeoh wr eh xvhg lq wkh uhjuhvvlrqv lv wkh deryh IR[ lqgh{ wudglqj yroxph vfdohg e| wkh

gdlo| forvlqj lqgh{ ydoxh lq rughu wr frqwuro iru fkdqjhv lq wkh ryhudoo sulfh ohyho1 Wkh vfdohg

lqgh{ wudglqj yroxph h{klelwv d pruh f|folfdo sdwwhuq ryhu wkh shulrg xqghu lqyhvwljdwlrq wkdq

wkh ixwxuhv wudglqj yroxph1 D shulrg ri kljk wudglqj yroxph lq 4<;;0;< zdv iroorzhg e| d shulrg

ri orz yroxph lq 4<<30<51 Wkhq lq 4<<60<7 wkh yroxph udslgo| uhdfkhg qhz khljkwv h{fhhglqj
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wkrvh h{shulhqfhg lq 4<;;0;<1

Zh whvw wkh iroorzlqj �yh k|srwkhvhv wkdw duh lpsolhg e| wkh prgho ghyhorshg lq vhfwlrq 548=

41 wkh ixwxuhv edvlv lv srvlwlyho| uhodwhg wr wkh frqwhpsrudqhrxv ixwxuhv uhwxuq/

51 wkh ixwxuhv edvlv lv qhjdwlyho| uhodwhg wr wkh frqwhpsrudqhrxv lqgh{ uhwxuq/

61 wkh odjjhg ixwxuhv uhwxuq ohdgv wkh frqwhpsrudqhrxv revhuyhg lqgh{ uhwxuq/

71 wkh odjjhg revhuyhg vwrfn uhwxuq ohdgv wkh frqwhpsrudqhrxv ixwxuhv uhwxuq/

81 wkh vwrfn lqgh{ wudglqj yroxph lv srvlwlyho| uhodwhg wr wkh frqwhpsrudqhrxv lqgh{ uhwxuq/

dqg

91 wkh ixwxuhv wudglqj yroxph kdv qr uhodwlrqvkls zlwk wkh frqwhpsrudqhrxv ixwxuhv uhwxuq1

Wdeoh LLd suhvhqwv wkh uhvxowv ri wkh ROV uhjuhvvlrq whvwlqj wkh �uvw k|srwkhvlv1 Dv wkh edvlv

lv udwkhu shuvlvwhqw wkuhh �uvw odjv ri wkh hqgrjhqrxv yduldeoh duh lqfoxghg1 Wkh frqwhpsrudqhrxv

ixwxuhv uhwxuq rewdlqv d kljko| vljql�fdqw frh!flhqw zlwk wkh fruuhfw srvlwlyh vljq1 Wkh odjjhg

ixwxuhv uhwxuq dovr rewdlqv d vljql�fdqw frh!flhqw zlwk d srvlwlyh vljq1 Wkhvh uhvxowv duh yhu|

vwdeoh wkurxjkrxw wkh �yh vxeshulrgv ri htxdo ohqjwk qrw uhsruwhg khuh1 Khqfh/ wkh gdwd fohduo|

vxssruwv rxu �uvw k|srwkhvlv1

Wdeoh LLe frqwdlqv wkh uhvxowv ri wkh ROV uhjuhvvlrq whvwlqj wkh vhfrqg k|srwkhvlv1 Dv lq

wdeoh LLd wkuhh �uvw odjv ri wkh hqgrjhqrxv yduldeoh duh lqfoxghg1 Wkh frqwhpsrudqhrxv lqgh{

uhwxuq rewdlqv d kljko| vljql�fdqw frh!flhqw zlwk wkh fruuhfw qhjdwlyh vljq1 Wkh odjjhg lqgh{

uhwxuq lv srvlwlyh dqg vljql�fdqw1 Wklv frxog eh hylghqfh ri wkdw wkhuh lv d  rz ri lqirupdwlrq

dovr iurp wkh vwrfn pdunhw wr wkh ixwxuhv pdunhw1 Zh uhwxuq wr wklv vxemhfw lq whvwlqj wkh irxuwk

k|srwkhvlv ehorz1

Jlyhq wkh uhvxowv ri Wdeoh LLd lw lv qrw vxusulvlqj wkdw wkh uhvxowv ri wkh �ohdg0odj� uhjuhvvlrq/

suhvhqwhg lq Wdeoh LLLd/ vxssruw wkh wklug k|srwkhvlv zklfk lv edvlfdoo| wkh g|qdplf yhuvlrq

ri wkh vdph h�hfw gulylqj wkh �uvw k|srwkhvlv1 Dq huuru0fruuhfwlrq whup lv lqfoxghg lq wkh

uhjuhvvlrq wr dffrxqw iru wkh dssduhqw fr0lqwhjudwlrq ri wkh vwrfn lqgh{ dqg wkh lqgh{ ixwxuhv
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+vhh Hqjoh dqg Judqjhu/ 4<;:,1 Qrwh wkdw/ txlwh lq dffrugdqfh zlwk wkh wkhru|/ wkh odjjhg ixwxuhv

uhwxuq vxevxphv doo h{sodqdwru| srzhu zlwk uhvshfw wr wkh fxuuhqw revhuyhg lqgh{ uhwxuq/ ohdylqj

qrwklqj wr wkh odjjhg revhuyhg lqgh{ uhwxuq1 Dovr qrwlfh wkdw khuh wkh revhuyhg lqgh{ uhwxuqv duh

xvhg lqvwhdg ri wkh wuxh lqgh{ uhwxuqv/ dv wkh ohdg0odj vhwxs edvhg rq d whvw ri Judqjhu0fdxvdolw|

lqyroyh wkh odjjhg revhuyhg lqgh{ uhwxuqv zklfk uhdglo| vhuyh dv d frqwuro iru wkh revhuyhg lqgh{

uhwxuq dxwrfruuhodwlrq1 Wr frpsohwh wkh dqdo|vlv wkh ohdg0odj uhodwlrqvkls zdv dovr whvwhg lq wkh

rssrvlwh gluhfwlrq/ dv suhvhqwhg lq Wdeoh LLLe1 Wkh revhuyhg lqgh{ uhwxuq suhglfwv wkh fxuuhqw

ixwxuhv uhwxuq rqo| lq lwv wklug odj1 Wkhuhiruh wkh  rz ri lqirupdwlrq ehwzhhq wkh wzr pdunhwv

pdlqo| dsshduv wr jr lq rqh gluhfwlrq> iurp wkh ixwxuhv pdunhw wr wkh vwrfn pdunhw1 Wklv lv

lqfrqvlvwhqw zlwk wkh uhvxow lq Wdeoh LLe1 Li wkh edvlv lv qhjdwlyho| uhodwhg wr wkh frqwhpsrudqhrxv

vwrfn uhwxuqv/ wkhq wkh odjjhg vwrfn uhwxuqv vkrxog ohdg ixwxuhv uhwxuqv1

Whvw uhvxowv ri wkh �iwk k|srwkhvlv duh suhvhqwhg lq Wdeoh LY zkhuh LYd suhvhqwv d yhuvlrq

xvlqj wkh orjgl�huhqfh ri wkh lqgh{ wudglqj yroxph dv wkh hqgrjhqrxv yduldeoh/ zkhuhdv LYe

xvhv d yhuvlrq zkhuh wkh orj ohyho ri wkh yroxph lv wkh hqgrjhqrxv yduldeoh1 Lq hdfk fdvh wkh

frqwhpsrudqhrxv lqgh{ uhwxuq rewdlqv d kljko| vljql�fdqw srvlwlyh vljq/ dv lv frqvlvwhqw zlwk

wkh wkhru|1 Wkh wlph vhulhv ri wkh lqgh{ wudglqj yroxph/ erwk lq orj ohyhov dqg wkh orj gl�huhqfh

irup/ frqwdlqv rffdvlrqdo yhu| odujh revhuydwlrqv lq devroxwh ydoxh1 Dv wkhvh duh idluo| hyhqo|

glvwulexwhg ryhu wlph zh whqg wr lqwhusuhw wkhp dv rffdvlrqdo khwhurvfhgdvwlflw| lq wkh vhulhv1

Wkh ryhudoo ROV hvwlpdwlrq vwudwhj| ri xvlqj Zklwh*v khwhurvfhgdvwlflw|0frqvlvwhqw fryduldqfh

pdwul{ vkrxog uhdglo| dffrxqw iru wklv +Zklwh/ 4<;3,1 Dv d vhfrqg fkhfn/ dowkrxjk qrw uhsruwhg

khuh/ wkh lqgh{ wudglqj yroxph uhjuhvvlrqv xvlqj urexvw hvwlpdwlrq/ wkdw lv/ wkh ohdvw0devroxwh0

huuruv phwkrg +ODH/ vhh Mxgjh hw do1/ 4<;;,/ zhuh fduulhg rxw1 Wkh frh!flhqw hvwlpdwhv wxuqhg

rxw wr eh yhu| vlplodu dv lq wkh ROV uhjuhvvlrqv1 Krzhyhu/ dqdo|vlv ri wkh ROV uhjuhvvlrqv

zlwk �yh vxeshulrgv ri htxdo ohqjwk uhyhdohg wkdw wkh frqwhpsrudqhrxv lqgh{ uhwxuq rewdlqv

d vljql�fdqw frh!flhqw rqo| lq wkh odvw wzr vxeshulrgv/ zkhuhdv lq wkh wklug vxeshulrg lw lv

eduho| pdujlqdoo| vljql�fdqw +zlwk d s0ydoxh ri 46(,1 Qhyhuwkhohvv/ wkh vljq ri wkh frh!flhqw lv

fruuhfw +srvlwlyh, wkurxjkrxw doo wkh vxeshulrgv/ dowkrxjk fohduo| qrw vljql�fdqw lq wkh �uvw wzr
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vxeshulrgv1 Ryhudoo zh frqfoxgh wkdw wkh �iwk hpslulfdo k|srwkhvlv dovr jhwv vxssruwhg e| wkh

gdwd1

Wkh �qdo k|srwkhvlv ri qr uhodwlrqvkls ehwzhhq wkh ixwxuhv wudglqj yroxph dqg wkh frqwhp0

srudqhrxv ixwxuhv uhwxuq lv vwxglhg lq Wdeoh Y1 Frqvlvwhqw zlwk wkh wkhru| wkh frh!flhqw ri

wkh ixwxuhv uhwxuq lv qrw vljql�fdqw1 Krzhyhu/ lw vkrxog eh eruq lq plqg wkdw lq wklv fdvh wkh

wkhru|*v suhglfwlrq frlqflghv zlwk wkh qxoo k|srwkhvlv/ vr wkh idfw wkdw wkh qxoo lv qrw uhmhfwhg

vkrxog qrw eh wdnhq wrr vwurqjo| dv hylghqfh lq idyru ri wkh qhz wkhru| zh sursrvh1

Lq frqfoxvlrq/ wkh ryhudoo hpslulfdo uhvxowv vxssruw txlwh zhoo wkh suhglfwlrqv ri wkh wkhru|1

Wkxv/ wkh wkhru| ri wkh ixwxuhv edvlv ehkdylru dqg wudglqj yroxphv edvhg rq dv|pphwulf lqiru0

pdwlrq lq frqmxqfwlrq zlwk vkruw vdohv frqvwudlqwv dsshdu wr surylgh d uhdvrqdeoh h{sodqdwlrq

ri wkh idfwv lq wkh Ilqqlvk lqgh{ ixwxuhv pdunhw gxulqj wkh shulrg ri wkh vwxg|1

4<



7 Frqfoxvlrqv

D sulpdu| prwlydwlrq iru wklv sdshu lv wr wu| wr xqghuvwdqg wkh odujh ghyldwlrqv ri wkh vwrfn lqgh{

ixwxuhv sulfh iurp lwv duelwudjh edvhg frvw0ri0fduu| uhodwlrqvkls lq Ilqodqg1 Lw lv qrw vdwlvidfwru|

wr uhihu rqo| wr wkh dssduhqwo| odujh wudqvdfwlrqv frvwv lq wkh Ilqqlvk pdunhw lqklelwlqj h!flhqw

duelwudjh/ exw lw lv dovr lpsruwdqw wr xqghuvwdqg wkh ixwxuhv edvlv g|qdplfv lqvlgh dq| duelwudjh0

iuhh edqg lqgxfhg e| wudqvdfwlrqv frvwv1 D prgho zklfk lv edvhg rq vkruw0vhoolqj uhvwulfwlrqv ri

vwrfnv dqg vshfxodwlyh ixwxuhv ex|lqj dqg vhoolqj ghpdqg ri dq lqiruphg lqyhvwru lv sursrvhg

dv dq h{sodqdwlrq ri wkh revhuyhg skhqrphqd1 Lq wkh prgho vkruw vdohv frqvwudlqw ghfuhdvhv wkh

srvvlelolwlhv iru wkh lqiruphg wudghu wr sur�w iurp qhjdwlyh lqirupdwlrq1 Pruhryhu/ vkruw vdohv

frqvwudlqw dovr pdnhv wkh vwrfn sulfhv ohvv lqirupdwlyh hyhq li wkh lqiruphg wudghu kdv uhfhlyhg

srvlwlyh lqirupdwlrq1 Xvlqj wkh d klvwru| ri vl{ |hduv ri gdlo| gdwd iurp wkh Ilqqlvk lqgh{

ixwxuhv pdunhw iurp Pd| 5:/ 4<;; xqwlo Pd| 64/ 4<<7/ zh �qg vwurqj vxssruw iru wkh prgho*v

suhglfwlrq wkdw wkh ohyho ri edvlv lv srvlwlyho| uhodwhg wr wkh frqwhpsrudqhrxv ixwxuhv uhwxuq dqg

qhjdwlyho| uhodwhg wr frqwhpsrudqhrxv vwrfn uhwxuqv/ wkdw wkh ixwxuhv uhwxuqv ohdg vwrfn uhwxuqv

dqg wkdw wkh wudglqj yroxph lq wkh vwrfn pdunhw lv srvlwlyho| uhodwhg wr wkh frqwhpsrudqhrxv

vwrfn uhwxuqv1
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8 Hqgqrwhv

41 Vlplodu lvvxhv duh dovr ghdo zlwk lq Vçiyhqeodg +4<<:,1

51 Rxu prgho dvvxphv wkdw vkruw vdohv duh surklelwhg1 Wklv lv qrw wkh fdvh lq wkh X1V1 pdunhwv1

Krzhyhu/ vkruw vdohv duh vwloo pruh frvwo| wkdq rwkhu w|shv ri wudghv dqg/ pruhryhu/ vkruw

vdohv duh qrw doorzhg rq d grzq wlfn1

61 Sxwwrqhq +4<<6, dovr fodlpv wkdw ixwxuhv ohdg vwrfnv pruh zkhq wkhuh duh edg qhzv1 Krz0

hyhu/ Pduwlndlqhq dqg Sxwwrqhq +4<<7, �qg qr vwdwlvwlfdoo| vljql�fdqw hylghqfh iru wklv/

rqfh khwhurvfhgdvwlflw| lv wdnhq lqwr dffrxqw1

71 D vlplodu elqdu| N|oh0w|sh prgho kdv suhylrxvo| ehhq xvhg e| Grz dqg Jruwrq +4<<:,1

Wkh fodvvlf h{dpsoh ri d elqdu| vwuxfwxuh lq d wudglqj jdph lv Jorvwhq dqg Plojurp +4<;8,1

81 Lq wkh hpslulfdo sduw zh whvw rxu wkhru| zlwk dq lqgh{ ixwxuhv frqwudfw dqg d vwrfn lqgh{1

91 Iru wkh htxlydohqfh ri frqvxpswlrq dqg khgjlqj edvhg prghov/ vhh Vdundu +4<<7,1

:1 Wkh dvvxpswlrq wkdw lqiruphg dqg qrlvh wudghuv kdyh wkh vdph suredelolw| ri idflqj d vkruw

vdohv frqvwudlqw grhvq*w d�hfw rxu txdolwdwlyh uhvxowv dw doo1 Wklv dvvxpswlrq vlpsol�hv wkh

fdofxodwlrqv frqvlghudeo|1

;1 Vhh dsshqgl{ iru doo wkh wdeohv frqwdlqlqj wkh hpslulfdo uhvxowv1

<1 Wudglqj lq lqgh{ ghulydwlyhv edvhg rq wkh IR[0lqgh{ vwduwhg lq IRP rq Pd| 5/ 4<<;1

431 Ehiruh wkh 4<<3*v frpphufldo edqnv kdg d odujh zhljkw lq wkh lqgh{/ exw vlqfh wkh hfrqrplf

ghsuhvvlrq lq Ilqodqg lq wkh hduo| 4<<3*v dqg wkh vxevhtxhqw edqnlqj fulvhv wkhlu pdunhw

ydoxh gursshg gudpdwlfdoo|1 Lq wkh odvw kdoi ri rxu gdwd vdpsoh Qrnld Frusrudwlrq kdv

ehhq wkh odujhvw frpsdq| phdvxuhg e| pdunhw fdslwdol}dwlrq1 Rwkhu lpsruwdqw frpsdqlhv

duh pdlqo| sxos dqg sdshu surgxfhuv1
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441 Dowhuqdwlyho|/ hyhq lq wkh devhqfh ri lqiuhtxhqw wudglqj wkhuh fdq eh srvlwlyh dxwrfruuh0

odwlrq lq vwrfn lqgh{ uhwxuqv dv d uhvxow ri gl�huhqwldo lqirupdwlrq dprqj vwrfn vshfl�f

pdunhw pdnhuv/ dv vkrzq e| wkh prgho ri Fkdq +4<<6,1

451 Vhh Nhpsi dqg Nruq +4<<;, iru dq hpslulfdo dssolfdwlrq ri wkh Mrnlyxrooh +4<<8, surfhgxuh

lq d vlplodu frqwh{w1

461 Wkh frpsxwdwlrq ri wkh wuxh lqgh{ ydoxh dqg uhwxuqv/ grqh lq dq h{ srvw pdqqhu/ zdv edvhg

rq dq DU+7, vshfl�fdwlrq ri wkh IR[ lqgh{ gdlo| orjgl�huhqfhv +vhh Mrnlyxrooh/ 4<<8/ iru

ghwdlov,1 D Fkrz whvw/ vsolwwlqj wkh hqwluh IR[ lqgh{ vdpsoh lq wzr kdoiv/ glg qrw lqglfdwh

d vwuxfwxudo euhdn lq wkh vhulhv/ wkhuhe| jlylqj vrph mxvwl�fdwlrq iru wkh vkruw0fxw ri xvlqj

h{ srvw dqdo|vlv1

471 Qrwh wkdw wkh whuplqrorj| khuh ghyldwhv iurp wkh vwdqgdug rqh zkhuh wkh edvlv lv gh�qhg

dv wkh gl�huhqfh ehwzhhq wkh fxuuhqw ixwxuhv dqg wkh vsrw sulfh1 Zkhq wkh ulvnohvv lqwhuhvw

udwh lv }hur dqg wkhuh duh qr lqwhulp glylghqgv/ dv lq rxu prgho/ wkhq wkh vwdqgdug gh�qlwlrq

ri wkh edvlv dqg wkh ixwxuhv sulflqj huuru uhodwlyh wr wkh frvw0ri0fduu| uhodwlrqvkls duh wkh

vdph1

481 Wkurxjkrxw rxu hpslulfdo dqdo|vlv zh duh riwhq irufhg wr xvh vhyhudo odjv ri wkh hqgrjhqrxv

yduldeoh dv h{sodqdwru| yduldeohv wr sxujh wkh prghov iurp uhvlgxdo dxwrfruuhodwlrq1 Dq

h{srvlwlrqdoo| �oljkwhu� dowhuqdwlyh pljkw kdyh ehhq wr xvh wkh dxwrfruuhodwlrq frqvlvwhqw

hvwlpdwlrq phwkrg ri Qhzh| dqg Zhvw +4<;:,1 Krzhyhu/ zh gr eholhyh wkh dssurdfk zh

kdyh dgrswhg lv hfrqrphwulfdoo| dw ohdvw dv uholdeoh dv wkhluv1
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Uhihuhqfhv

^4` Eodfn/ I +4<:9,1Wkh Sulflqj ri Frpprglw| Frqwudfwv/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 6/

49:04:<1

^5` Eodfn/ I1 dqg Vfkrohv/ P1 +4<:6,1 Wkh Sulflqj ri Rswlrqv dqg Frusrudwh Oldelolwlhv/ Mrxuqdo

ri Srolwlfdo Hfrqrp|/ ;4/ 96:09871

^6` Fkdq/ N1D1 +4<<5,1 Ixuwkhu Dqdo|vlv ri wkh Ohdg0Odj Uhodwlrqvkls Ehwzhhq wkh Fdvk Pdunhw

dqg Vwrfn Lqgh{ Ixwxuhv Pdunhw/ Uhylhz ri Ilqdqfldo Vwxglhv/ 8/ 45604851

^7` Fkdq/ N1D1 +4<<6,1 Lpshuihfw Lqirupdwlrq dqg Furvv0Dxwrfruuhodwlrq dprqj Vwrfn Uhwxuqv/

Wkh Mrxuqdo ri Ilqdqfh/ 7;/ 4544045631

^8` Fkhq/ Q1I1/ Fxq|/ F1M1 dqg Kdxjhq/ U1D1 +4<<8,1 Vwrfn Yrodwlolw| dqg wkh Ohyhov ri wkh

Edvlv dqg Rshq Lqwhuhvw lq Ixwxuhv Frqwudfwv/ Mrxuqdo ri Ilqdqfh/ 83/ 5;406331

^9` Gldprqg/ G1Z1 dqg Yhuuhfkld/ U1H1 +4<;:,1 Frqvwudlqwv rq Vkruw0Vhoolqj dqg Dvvhw Sulfh

Dgmxvwphqw wr Sulydwh Lqirupdwlrq/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 4;/ 5::06441

^:` Grz/ M1 dqg Jruwrq/ J +4<<:,1 Qrlvh Wudglqj/ Ghohjdwhg Sruwirolr Pdqdjhphqw/ dqg Hfr0

qrplf Zhoiduh/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 438/ 4357043831

^;` Hqjoh/ U1 dqg Judqjhu F1+4<;:,1 Frlqwhjudwlrq dqg Huuru Fruuhfwlrq= Uhsuhvhqwdwlrq/ Hv0

wlpdwlrq/ dqg Whvwlqj/ Hfrqrphwulfd/ 88/ 58405:91

^<` Iuhpdxow/ D1 +4<<4,1 Vwrfn Lqgh{ Ixwxuhv dqg Lqgh{ Duelwudjh lq d Udwlrqdo H{shfwdwlrqv

Prgho/ Mrxuqdo ri Exvlqhvv/ 97/ 856087:1

^43` Jorvwhq/ O1 dqg Plojurp/ S1 +4<;8,1 Elg/ Dvn dqg Wudqvdfwlrq Sulfhv lq d Vshfldolvw Pdunhw

zlwk Khwhurjhqhrxvo| Lqiruphg Wudghuv/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 47/ :404331

^44` Kroghq/ F1 +4<<8,1 Lqgh{ Duelwudjh dv Furvv0Vhfwlrqdo Pdunhw Pdnlqj/ Wkh Mrxuqdo ri

Ixwxuhv Pdunhwv/ 48/ 75607881
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^45` Mrnlyxrooh/ H1+4<<8,1 Phdvxulqj wkh Wuxh Vwrfn Lqgh{ Ydoxh lq wkh Suhvhqfh ri Lqiuhtxhqw

Wudglqj/ Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv/ Vhswhpehu

^46` Mxgjh/ J1/ Jul!wkv/ Z1/ Kloo/ U1/ Oxwnhsrko/ K1/ dqg Ohh/ W1 +4<;;,= Lqwurgxfwlrq wr wkh

Wkhru| dqg Sudfwlfh ri Hfrqrphwulfv/ 51 hg1 Zloh|1

^47` Ndusr�/ M1 +4<;:,1 Wkh Uhodwlrq Ehwzhhq Sulfh Fkdqjhv dqg Wudglqj Yroxph= D Vxuyh|/

Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv/ 55/ 43<14591

^48` Ndzdoohu/ L1/ Nrfk/ S1 dqg Nrfk/ W1 +4<;:,1 Wkh Whpsrudo Sulfh Uhodwlrqvkls Ehwzhhq V)S

833 Ixwxuhv dqg wkh V)S 833 Lqgh{/ Wkh Mrxuqdo ri Ilqdqfh/ 75/ 463<0465<1

^49` Nhpsi1 D1 dqg Nruq/ R1+4<<;,1 Wudglqj V|vwhp dqg Pdunhw Lqwhjudwlrq/ Mrxuqdo ri Ilqdq0

fldo Lqwhuphgldwlrq/ :1

^4:` Nrfdjlo/ D1 dqg Vkdfkpxuryh/ \1+4<<;,1 Uhwxuq0Yroxph G|qdplfv lq Ixwxuhv Pdunhwv/Wkh

Mrxuqdo ri Ixwxuhv Pdunhwv/ 4;/ 6<<07591

^4;` Nxpdu/ S1 dqg Vhssl/ G1+4<<7,1 Lqirupdwlrq dqg Lqgh{ Duelwudjh/ Mrxuqdo ri Exvlqhvv/ yro1

9:/ 7;4083<1

^4<` N|oh/ D1V1 +4<;8,1 Frqwlqxrxv Dxfwlrqv dqg Lqvlghu Wudglqj/ Hfrqrphwulfd/ 86/ 4648046681

^53` N|oh/ D1V1 +4<;<,1 Lqiruphg Vshfxodwlrq zlwk Lpshuihfw Frpshwlwlrq/ Uhylhz ri Hfrqrplf

Vwxglhv/ 89/ 64:06881

^54` Or/ D1 dqg PdfNlqoh|/ D1F1+4<;;,1 Vwrfn Pdunhw Sulfhv Gr Qrw Iroorz Udqgrp Zdonv=

Hylghqfh iurp d Vlpsoh Vshfl�fdwlrq Whvw/ Wkh Uhylhz ri Ilqdqfldo Vwxglhv/ 4/ 740991

^55` Pduwlndlqhq/ W1 dqg Sxwwrqhq Y1 +4<<7,1 Lqwhuqdwlrqdo Sulfh Glvfryhu| lq Ilqqlvk Vwrfn

Lqgh{ Ixwxuhv dqg Fdvk Pdunhwv/ Mrxuqdo ri Edqnlqj dqg Ilqdqfh/ 4;/ ;3<0;551

^56` Qhzh|/ Z1 N1/ dqg Zhvw/ N1G1+4<;:,1 D Vlpsoh Srvlwlyh Vhpl0Gh�qlwh/ Khwhurvfhgdvwlflw|

dqg Dxwrfruuhodwlrq Frqvlvwhqw Fryduldqfh Pdwul{/ Hfrqrphwulfd/ 88/ :360:3;1
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^57` Sxwwrqhq/ Y1 +4<<6,1 Vkruw Vdohv Uhvwulfwlrqv dqg wkh Whpsrudo Uhodwlrqvkls Ehwzhhq Vwrfn

Lqgh{ Fdvk dqg Ghulydwlyhv Pdunhwv/ Wkh Mrxuqdo ri Ixwxuhv Pdunhwv / 46/ 97809971

^58` Sxwwrqhq/ Y1 dqg Pduwlndlqhq/ W1 +4<<4,1 Vkruw vdohv uhvwulfwlrqv/ lpsolfdwlrqv iru vwrfn

lqgh{ duelwudjh/ Hfrqrplfv Ohwwhuv/ 6:/ 48<04961

^59` Urfkhw/ M0F1 dqg Ylod/ M0O1 +4<<7,1 Lqvlghu Wudglqj zlwkrxw Qrupdolw|/Uhylhz ri Hfrqrplf

Vwxglhv/ 94/ 46404851

^5:` Vdundu/ D1 +4<<7,1 Rq wkh Htxlydohqfh ri Qrlvh Wudghu dqg Khgjhu Prghov lq Pdunhw Pl0

furvwuxfwxuh/ Mrxuqdo ri Ilqdqfldo Lqwhuphgldwlrq/ 6/ 53705451

^5;` Vwroo/ K1U1 dqg Zkdoh|/ U1H1+4<<3,1 Wkh G|qdplfv ri Vwrfn Lqgh{ dqg Vwrfn Lqgh{ Ixwxuhv

Uhwxuqv/ Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv/ 58/ 774079;1

^5<` Vxeudkpdq|dp/ D1 +4<<4,1 D Wkhru| ri Wudglqj lq Vwrfn Lqgh{ Ixwxuhv/ Wkh Uhylhz ri

Ilqdqfldo Vwxglhv/ 7/ 4:0841

^63` Vçiyhqeodg/ S1 +4<<:,1 Ohdg0Odj H�hfwv Zkhq Sulfhv Uhyhdo Furvv0Vhfxulw| Lqirupdwlrq/

zrunlqj sdshu qr1 ;6/ Vwrfnkrop Vfkrro ri Hfrqrplfv1

^64` Zklwh/ K1 +4<;3,1 D Khwhurvfhgdvwlflw|0Frqvlvwhqw Fryduldqfh Pdwul{ Hvwlpdwru dqg d Gl0

uhfw Whvw iru Khwhurvfhgdvwlflw|/ Hfrqrphwulfd/ 7;/ ;4:0;6;1

^65` \dgdy/ S1 dqg Srsh/ S1+4<<3,=1Vwrfn Lqgh{ Ixwxuhv Duelwudjh= Lqwhuqdwlrqdo Hylghqfh/Wkh

Mrxuqdo ri Ixwxuhv Pdunhwv/ 43/ 8:609361
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Appendix A: Tables and Figures

Figure 1.The futures percentage pricing error with respect to the cost-of-carry value, i.e., the basis, on 88/05/27-
94/05/31.
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Table I. Summary statistics of selected variables on 88/05/27-94/05/31; the futures trading volume and open
interest on 89/08/08-94/05/31. Figures in parentheses are coefficients of partial autocorrelation. “*” indicates
statistical significance of an individual autocorrelation coefficient at 5% level.

Basis Observed
index return

Futures return Ln Stock
trading vol.

#obs. 1508 1508 1508 1508
Mean -.69 -.000004 .000003 11.34
St.dev. 1.92 .19 p.a. .25 p.a. 1.05
Min -10.11 -.049 -.09 8.37
Max 4.96 .068 .11 15.09
ρ1 .85* (.85*) .27* (.27*) .09* (.09*) .78* (.78*)
ρ2 .80* (.30*) -.02 (-.10*) -.03 (-.04) .75* (.34*)
ρ3 .75* (.08*) .03 (.07*) .02 (.03) .74* (.25*)
ρ4 .70* (.02) .10* (.07*) .04 (.04) .72* (.16*)
ρ5 .66* (.01) .09* (.05*) .07* (.07*) .71* (.12*)
ρ6 .62* (.00) .03 (.00) -.01 (-.02) .70* (.06*)
ρ7 .59* (.05*) .03 (.02) .05* (.05*) .70* (.09*)
ρ8 .55* (-.03) .06* (.03) .05* (.03) .69* (.06*)
ρ9 .52* (.01) .02 (-.01) -.01 (-.02) .69* (.08*)
ρ10 .48* (-.03) .05* (.05*) .01 (.00) .70* (.11*)

Dln Stock
trading vol.

Futures
trading vol.

Open interest

#obs. 1508 1205 1205
Mean -.00003 162 1386
St.dev. .69 191 884
Min -4.06 0 374
Max 3.21 1610 5427
ρ1 -.41* (-.41*) .46* (.46*) .97* (.97*)
ρ2 -.07* (.29*) .35* (.17*) .94* (-.02)
ρ3 .01 (-.19*) .33* (.15*) .91* (-.04)
ρ4 -.01 (-.15*) .27* (.06*) .88* (-.01)
ρ5 .02 (-.08*) .30* (.14*) .85* (-.02)
ρ6 -.04 (-.11*) .26* (.04) .82* (.03)
ρ7 .02 (-.07*) .24* (.05*) .79* (-.03)
ρ8 -.02 (.09*) .27* (.08*) .76* (-.03)
ρ9 -.03 (-.12*) .24* (.03) .74* (.02)
ρ10 .07* (-.02) .18* (-.04) .71* (-.01)
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 Table IIa. The futures pricing error with respect to the cost-of-carry-value (the basis) regressed on the
contemporaneous and lagged futures returns, measured as the logdifference of the index implied by the futures
price during 88/05/27-94/05/31; daily observations. Q-rejections indicate the residual lags at which the
cumulative Q-test for residual autocorrelation up to 15 lags rejects at the 5% significance level. I.e., the results
displayed in the table below are from the model

t
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i

itit returnFuturesBasisBasis εβαα +++= ∑∑
=

−+
=

−

1

0
1

4

1
0  .

Basis(t-1) Basis(t-2) Basis(t-3) Basis(t-4) Futures
return(t)

Futures
return(t-1)

Const.

coeff. .54 .25 .09 .02 25.33 5.23 -.06

p-value (.000) (.000) (.003) (.315) (.000) (.015) (.010)

R2 adj. .79

Q-rej’s None
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Table IIb. The futures pricing error with respect to the cost-of-carry-value (the basis) regressed on the
contemporaneous and lagged logdifference of the index (index return) during 88/05/27-94/05/31; daily
observations. Q-rejections indicate the residual lags at which the cumulative Q-test for residual autocorrelation
up to 15 lags rejects at the 5% significance level. I.e., the results displayed in the table below are from the model

t
i

iti
i

itit returnIndexBasisBasis εγδδ +++= ∑∑
=

−+
=

−

2

0
1

3

1
0  .

Basis(t-1) Basis(t-2) Basis(t-3) Index
return(t)

Index
return(t-1)

Index
return(t-2)

Const.

coeff. .65 .17 .08 -13.56 8.80 -.80 -.06

p-value (.000) (.000) (.011) (.000) (.000) (.706) (.012)

R2 adj. .76

Q-rej’s None
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Table IIIa. The logdifference of the observed index regressed on the lagged futures returns, measured as the
logdifference of the index implied by the futures price, during 88/05/27-94/05/31; daily observations. Q-
rejections indicate the residual lags at which the cumulative Q-test for residual autocorrelation up to 15 lags
rejects at the 5% significance level. I.e., the results displayed in the table below are from the model
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returnFutures
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where the error correction variable is the residual from regressing the log of the observed index on the log of the
futures price.

EC(t-1) Observed
index

return(t-1)

Observed
index

return (t-2)

Observed
index

return (t-3)

Futures
return(t-1)

Coefficient -.07 -.002 -.16 .08 .26

p-value (.001) (.977) (.002) (.090) (.000)

Futures
return (t-2)

Futures
return (t-3)

Constant

Coefficient .08 -.010 -.00002

p-value (.036) (.787) (.954)

R2 adj. .15

Q-rejections None
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Table IIIb. The futures return, measured as the logdifference of the index implied by the futures price, regressed
on the lagged logdifferences of the observed index during 88/05/27-94/05/31; daily observations. Q-rejections
indicate the residual lags at which the cumulative Q-test for residual autocorrelation up to 15 lags rejects at the
5% significance level. I.e., the results displayed in the table below are from the model
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ititt

returnindexObserved
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   utures

where the error correction variable is the residual from regressing the log of the observed index on the log of the
futures price.

EC(t-1) Futures
return (t-1)

Futures
return (t-2)

Futures
return (t-3)

Observed
index

return (t-1)

Coefficient -.04 .05 -.008 -.02 .12

p-value (.190) (.433) (.897) (.724) (.137)

Observed
index

return (t-2)

Observed
index return

(t-3)

Constant

Coefficient -.10 .13 -.9-E5

p-value (.192) (.042) (.982)

R2 adj. .02

Q-rejections 11



32

Table IVa. The logdifference of the trading volume of the index stock basket regressed on its own lags and the
index return during 88/05/27-94/05/31; daily observations. Q-rejections indicate the residual lags at which the
cumulative Q-test for residual autocorrelation up to 15 lags rejects at the 5% significance level. I.e., the results
displayed in the table below are from the model

t
i

iti
i

ititt returnIndexvolumeVolumevolume ενµµ +++=∆≡ ∑∑
=

−+
=

−

1

0
1

9

1
0  )ln(

volume
(t-1)

volume
(t-2)

volume
(t-3)

volume
(t-4)

volume
(t-5)

volume
(t-6)

Coefficient -.67 -.53 -.41 -.32 -.25 -.24

p-value (.000) (.000) (.000) (.000) (.000) (.000)

volume
(t-7)

volume
(t-8)

volume
(t-9)

Index
return(t)

Index
return(t-1)

Constant

Coefficient -.18 -.17 -.12 6.66 3.53 .001

p-value (.000) (.000) (.000) (.000) (.000) (.932)

R2 adj. .34

Q-rejections None
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Table IVb. The log of the trading volume of the index stock basket regressed on its own lags and the index return
during 88/05/27-94/05/31; daily observations. Q-rejections indicate the residual lags at which the cumulative Q-
test for residual autocorrelation up to 15 lags rejects at the 5% significance level. I.e., the results displayed in the

table below are from the model tt
i

itit returnIndexVolumeVolume εθϖϖ +++= ∑
=

−  1

15

1
0 .

Volume(t-1) Volume(t-2) Volume(t-3) Volume(t-4) Volume(t-5) Volume(t-6)

Coefficient .33 .12 .12 .08 .06 .008

p-value (.000) (.000) (.000) (.014) (.036) (.748)

Volume(t-7) Volume(t-8) Volume(t-9) Volume(t-10) Volume(t-11) Volume(t-12)

Coefficient .04 .01 .04 .09 -.007 .01

p-value (.210) (.734) (.173) (.000) (.800) (.584)

Volume(t-13) Volume(t-14) Volume(t-15) Index
return(t)

Constant

Coefficient .02 -.03 .04 6.94 4.04

p-value (.503) (.181) (.035) (.000) (.000)

R2 adj. .72

Q-rejections None
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Table V. The level of the futures trading volume regressed on its own lags and the futures return during
88/05/27-94/05/31; daily observations. Q-rejections indicate the residual lags at which the cumulative Q-test for
residual autocorrelation up to 15 lags rejects at the 5% significance level. I.e., the results displayed in the table

below are from the model tt
i

itit returnFVolumeFuturesVolumeFutures εςϑϑ +++= ∑
=

−  utures  1

8

1
0 .

Futures
Volume

(t-1)

Futures
Volume

(t-2)

Futures
Volume

(t-3)

Futures
Volume

(t-4)

Futures
Volume

(t-5)

Coefficient .34 .09 .10 .005 .12

p-value (.000) (.036) (.018) (.899) (.010)

Futures
Volume

(t-6)

Futures
Volume

(t-7)

Futures
Volume

(t-8)

Futures
return(t)

Constant

Coefficient .02 .03 .08 -466.05 25.23

p-value (.567) (.411) (.018) (.157) (.000)

R2 adj. .36

Q-rejections None
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