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Duh Htxlwlhv Uhdo+o|, RswlrqvB Xqghuvwdqglqj
wkh Vl}h/ Errn0wr0Pdunhw dqg Hduqlqjv0wr0Sulfh

Idfwruv�

Shwhu I1 Srsh
Odqfdvwhu Xqlyhuvlw|

Dqguhz Z1 Vwdun
Pdqfkhvwhu Exvlqhvv Vfkrro

Mxo| 64/ 4<<;

�Zh zlvk wr wkdqn Nhylq Exfnoh| iru lqydoxdeoh surjudpplqj dvvlvwdqfh1 Zh judwhixoo|
dfnqrzohgjhg khosixo frpphqwv uhfhlyhg iurp Ehuqdug Gxpdv/ Oduu| Kduulv/ Pdwwl Nhorfkdu|/
Nhq Shdvqhoo/ Glfn Vwdsohwrq/ Pdun Wlsshww dqg vhplqdu sduwlflsdqwv dw wkh 4<<; Dphulfdq Il0
qdqfh Dvvrfldwlrq Phhwlqj/ Fdpeulgjh Xqlyhuvlw|/ Flw| Xqlyhuvlw|/ Hudvpxv Xqlyhuvlw|/ Orqgrq
Vfkrro ri Hfrqrplfv/ Qdwlrqdo Fkhqjfkl Xqlyhuvlw|/ Qhz \run Xqlyhuvlw|/ Who Dyly Xqlyhuvlw|/
dqg wkh LQTXLUH0T Jurxs Vhplqdu/ Orqgrq1 Fruuhvsrqghqfh dgguhvv= Suri1 Shwhu I1 Srsh/
Wkh Pdqdjhphqw Vfkrro/ Odqfdvwhu Xqlyhuvlw|/ Odqfdvwhu/ OD4 7\[/ X1N1/ who1 +.77,048570
8<6<:;/ h0pdlo S1SrshCOdqfdvwhu1df1xn



Devwudfw

Zh prgho wkh ydoxh ri d �up idflqj luuhyhuvleoh lqyhvwphqw rssruwxqlwlhv dv d
sruwirolr ri uhdo fdoo rswlrqv= rswlrqv wr lqyhvw dqg rswlrqv wr surgxfh1 Wkhru|
suhglfwv wkdw wkh h{shfwhg uhwxuq rq wkh �up*v htxlw| lv ghshqghqw rq +l, wkh
FDSP ehwd ri wkh dvvhwv xqghuo|lqj wkh rswlrqv> dqg +ll, wkh dyhudjh hodvwlflw|
ri wkh rswlrqv1 Wkh dyhudjh rswlrq hodvwlflw| ghshqgv rq yrodwlolw|/ wkh ohyho ri
ghpdqg dqg wkh ghjuhh ri h{fhvv fdsdflw|1 Rxu dqdo|vlv/ edvhg rq d odujh vfdoh
vlpxodwlrq h{shulphqw/ frq�upv wkhvh suhglfwlrqv1 Dgglwlrqdoo| zh vkrz wkdw wkh
idfwruv dqdo|}hg e| Idpd dqg Iuhqfk +4<<5, 0 ehjlqqlqj0ri0shulrg pdunhw ydoxh
ri htxlw|/ errn0wr0pdunhw htxlw| dqg hduqlqjv0wr0sulfh 0 duh vwurqjo| dvvrfldwhg
zlwk wkh FDSP ehwd ri wkh xqghuo|lqj dvvhwv/ yrodwlolw|/ wkh ohyho ri ghpdqg dqg
wkh ghjuhh ri h{fhvv fdsdflw|1 Wkh olqnv wr +xqrevhuydeoh, prgho ixqgdphqwdov
surylgh d fohdu hfrqrplf udwlrqdoh iru wkh Idpd dqg Iuhqfk ulvn idfwruv/ exw wkh|
gr qrw uhtxluh dq dsshdo wr wkh sulflqj ri edqnuxswf| ulvn1
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Lq wklv sdshu zh vxjjhvw uhdvrqv zk| idfwruv rwkhu wkdq wkh fdslwdo dvvhw sulf0
lqj prgho +FDSP, ehwd zloo h{sodlq furvv0vhfwlrqdo yduldwlrq lq vwrfn uhwxuqv1
Zh prgho wkh ydoxh ri d �up*v htxlw| dv d sruwirolr ri uhdo fdoo rswlrqv 0 rswlrqv
wr xvh surgxfwlyh fdsdflw| dqg rswlrqv wr lqyhvw lq qhz surgxfwlyh fdsdflw|1 Rs0
wlrq ydoxhv ghulyh erwk iurp lqyhvwphqw luuhyhuvlelolw| dqg wkh rssruwxqlw|/ exw
qrw frpsxovlrq/ wr surgxfh rxwsxw1 Wkh h{shfwhg uhwxuq rq d �up*v htxlw| lv
wkh h{shfwhg uhwxuq rq wkh sruwirolr ri uhdo fdoo rswlrqv1 Wkh ulvn suhplxp iru
d fdoo rswlrq ghshqgv rq wkh h{shfwhg uhwxuq ri wkh xqghuo|lqj dvvhw dqg rq wkh
rswlrq hodvwlflw| +Fr{ dqg Uxelqvwhlq/ 4<;8/ ss1557055;,1 Zh dvvxph wkdw h{0
shfwhg uhwxuqv rq d �up*v xqghuo|lqj dvvhwv duh ghwhuplqhg e| wkh FDSP dqg
wkdw vwrfnv duh sulfhg udwlrqdoo| lq d pdunhw zlwk ixoo lqirupdwlrq1 Lq wklv vhwwlqj
zh vkrz wkdw hpslulfdoo| revhuydeoh yduldeohv vxfk dv wkh pdunhw ydoxh ri htxlw|
+PH,/ wkh htxlw| errn0wr0pdunhw ydoxh +EH2PH, dqg wkh hduqlqjv0wr0sulfh udwlr
+H2PH, fdq eh h{shfwhg wr vhuyh dv sur{lhv iru wkh xqrevhuydeoh ixqgdphqwdo
ghwhuplqdqwv ri rswlrq sruwirolr h{shfwhg uhwxuqv= xqghuo|lqj dvvhw FDSP ehwd/
dyhudjh rswlrq hodvwlflw| dqg wkh edodqfh lq wkh sruwirolr ehwzhhq lqyhvwphqw rs0
wlrqv dqg surgxfwlyh dvvhwv lq sodfh1

Wkhuh lv frqvlghudeoh hpslulfdo hylghqfh frqwudglfwlqj wkh olqhdu uhodwlrq eh0
wzhhq h{shfwhg h{fhvv uhwxuqv dqg ehwd suhglfwhg e| wkh Vkdush +4<97,/ Olqwqhu
+4<98, dqg Eodfn +4<:5,1 Sulru uhvhdufk kdv vkrzq wkdw uhwxuqv duh h{sodlqhg e|
d ydulhw| ri idfwruv lqfoxglqj hduqlqjv0wr0sulfh +Edvx/ 4<;6,/ vl}h +Edq}/ 4<;4,/
fdvk  rz0wr0sulfh +Urvhqehuj/ Uhlg dqg Odqvwhlq/ 4<;8,/ errn0wr0pdunhw htxlw|
+Idpd dqg Iuhqfk/ 4<<5, dqg sdvw vdohv jurzwk +Odnrqlvkrn/ Vkohlihu dqg Ylvkq|/
4<<7,1 Idpd dqg Iuhqfk +4<<5, �qg wkdw PH dqg EH2PH fdswxuh d odujh sur0
sruwlrq ri furvv0vhfwlrqdo uhwxuqv yduldwlrq dqg dsshdu wr grplqdwh wkh hvwlpdwhg
FDSP ehwd lq h{sodlqlqj uhwxuqv1 Ixuwkhupruh/ Idpd dqg Iuhqfk +4<<9d, vkrz
wkdw d wkuhh0idfwru prgho lqfoxglqj PH dqg EH2PH/ lq frpelqdwlrq zlwk ehwd/
vxevxphv prvw ri wkh rwkhu grfxphqwhg h{sodqdwru| idfwruv iru dyhudjh uhwxuqv1

Dpdmrulw| ri wkh uhvhdufk dwwhpswlqj wr h{sodlq wkh hpslulfdo idloxuh ri FDSP
irfxvhv rq wkh srvvlelolw| wkdw eldvhv lq ehwd phdvxuhphqw/ vdpsoh vhohfwlrq dqg
vdpsoh vxuylyruvkls duh lpsruwdqw +h1j1 Nrwkdul/ Vkdqnhq dqg Vordq/ 4<<8> Euhhq
dqg Nrudmf}|n/ 4<<6,1 Dowkrxjk Nrwkdul/ Vkdqnhq dqg Vordq +4<<8, uhsruw hyl0
ghqfh vxjjhvwlqj wkdw vxuylyruvkls eldv lv lq xhqwldo/ wkh| gr qrw fodlp wkdw lw fdq
ixoo| h{sodlq wkh hpslulfdo uhmhfwlrq ri FDSP1 Idpd dqg Iuhqfk +4<<9e, vxjjhvw
wkdw/ lq dq| fdvh/ wkh uhmhfwlrq ri FDSP dsshduv urexvw wr uhvhdufk ghvljq eldvhv1
Dowhuqdwlyho|/ Mdjdqqdwkdq dqg Zdqj +4<<9, vxjjhvw wkdw d uhvshfl�fdwlrq ri wkh
FDSP/ wr rqh lq zklfk ehwdv duh ghshqghqw xsrq frqglwlrqlqj lqirupdwlrq/ fdq
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h{sodlq wkh EH2PH h�hfw lq hpslulfdo furvv0vhfwlrqdo uhjuhvvlrqv1 Krzhyhu/ wkhvh
vwxglhv gr qrw hvwdeolvk d fohdu hfrqrplf uroh iru EH2PH/ ru rwkhu yduldeohv vxfk
dv vl}h/ dv ghwhuplqdqwv ri uhwxuqv1

Idpd dqg Iuhqfk +4<<8/ 4<<9d, vxjjhvw wkdw EH2PH lv d sur{| iru ulvn dvvr0
fldwhg zlwk �qdqfldo glvwuhvv/ exw wkh| dfnqrzohgjh wkdw wkh wkhruhwlfdo edvlv iru
d glvwuhvv suhplxp lv zhdn1 Ixuwkhupruh/ Glfkhy +4<<;, �qgv hylghqfh djdlqvw
edqnuxswf| ulvn ehlqj d vrxufh ri v|vwhpdwlf ulvn1 Idpd dqg Iuhqfk +4<<9d, h{0
soruh wkh srvvlelolw| wkdw vl}h dqg EH2PH sur{| iru vhqvlwlylw| wr frpprq ulvn
idfwruv1 Xvlqj d prgho lq zklfk hduqlqjv sod| d ixqgdphqwdo ydoxdwlrq uroh/ wkh|
�qg wkdw wkh pdunhw dqg vl}h idfwruv lq hduqlqjv duh uhodwhg wr wkrvh lq uhwxuqv/ exw
wkdw wkh EH2PH idfwru lv qrw1 Wkhuhiruh/ dq h{sodqdwlrq ri wkh uroh ri EH2PH
dv d ulvn suhplxp uhpdlqv hoxvlyh1

Wkh uhvhdufk dssurdfk dgrswhg lq wklv sdshu lv vlplodu lq vslulw wr wkh dqd0
o|wlfdo prghoolqj dssurdfkhv ri Ehun +4<<8, dqg Ehun/ Juhhq dqg Qdln +4<<;, lq
zklfk wkh PH dqg EH2PH h�hfwv hphujh dv qdwxudo frqvhtxhqfhv ri dq hfrqrplf
prgho1 Ehun +4<<8, frqvlghuv dq hfrqrp| lq zklfk �upv duh fkdudfwhul}hg e|
wkhlu sd|r� dw wkh hqg ri wkh shulrg dqg h{shfwhg uhwxuq1 Wkhvh ihdwxuhv ri �upv
duh wkhq prghoohg dv ehlqj lqghshqghqw udqgrp gudzv iurp d +furvv0vhfwlrqdo,
suredelolw| glvwulexwlrq1 Ehun ghprqvwudwhv wkdw wklv lv vx!flhqw wr lqgxfh d qhj0
dwlyh uhodwlrqvkls ehwzhhq PH dqg h{shfwhg uhwxuq/ lqghshqghqw ri wkh surfhvv
jhqhudwlqj h{shfwhg uhwxuqv1 Ehun/ Juhhq dqg Qdln +4<<;, dqdo|}h d g|qdplf
rswlpl}lqj prgho ri d �up idflqj d zruog ri vwrfkdvwlf lqwhuhvw udwhv1 Qhz lq0
yhvwphqw surmhfwv dulvh uhjxoduo|/ exw wkh uhtxluhg lqlwldo lqyhvwphqw dqg ulvn lv
udqgrp1 Li d surmhfw lv qrw dffhswhg zkhq lw dulvhv/ lw glhv1 Rqfh dffhswhg/ d
surmhfw*v olih lv dovr udqgrp1 Iurp wklv edvlf hfrqrplf vwuxfwxuh dq h{suhvvlrq
iru wkh �up*v h{shfwhg uhwxuq lv ghulyhg dv d ixqfwlrq ri EH2PH/ dprqjvw rwkhu
yduldeohv1

Lq wklv sdshu zh xvh d frqfhswxdoo| vlpsoh prgho/ ghyhorshg iurp Slqg|fn
+4<;;,1 Ilupv duh dvvxphg wr wdnh rswlpdo lqyhvwphqw dqg surgxfwlrq ghflvlrqv
xqghu frqglwlrqv ri xqfhuwdlqw| dqg lqyhvwphqw luuhyhuvlelolw|1 Wkh| krog rswlrqv
wr dgg surgxfwlyh fdsdflw| dw dq| wlph wkh| zlvk zlwkrxw olplw1 Doo lqyhvwphqwv
lq surgxfwlyh fdsdflw| duh ixqghg e| qhz htxlw| lqyhvwphqw1 Rqfh pdgh/ dq
lqyhvwphqw lq surgxfwlyh fdsdflw| lv luuhyhuvleoh 0 zh dvvxph lw kdv qr ydoxh lq
dowhuqdwlyh xvh1 Qrqhwkhohvv/ wkh �up grhv qrw surgxfh frpsxovlyho| 0 lw kdv wkh
rswlrq wr frvwohvvo| vkxw grzq surgxfwlyh fdsdflw| vkrxog lw eh pruh sur�wdeoh
wr surgxfh ehorz fdsdflw|1 Lq wklv vhwwlqj/ ydoxdeoh uhdo rswlrqv h{lvw ehfdxvh
�upv fdq ghihu luuhyhuvleoh lqyhvwphqwv +wkh lqyhvwphqw rswlrq, dqg vkxw0grzq
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surgxfwlrq fdsdflw| zkhq sur�w pd{lpl}lqj rxwsxw lv orzhu wkdq fdsdflw| +wkh
surgxfwlrq rswlrq,1

Wkh �up*v htxlw| lv ydoxhg dv d sruwirolr ri surgxfwlrq dqg lqyhvwphqw rswlrqv/
xqghu wkh pdlqwdlqhg dvvxpswlrq wkdw wkh ydoxh ri hdfk uhdo rswlrq srvvhvvhg
e| wkh �up lv ghwhuplqhg e| wkh vdph ixqgdphqwdo vwdwh yduldeoh +d yduldeoh
ghvfulelqj wkh ghpdqg frqglwlrqv idflqj wkh �up,1 Ixuwkhu/ zh pdnh wkh vwdqgdug
dvvxpswlrq lq frqwlqjhqw fodlpv dqdo|vlv wkdw/ iru hdfk �up/ wkhuh h{lvwv dq dvvhw
wkdw lv shuihfwo| fruuhodwhg zlwk wkh xqghuo|lqj vwdwh yduldeoh1 Zh dvvxph wkdw
wkh uhwxuqv rq wklv dvvhw duh ghwhuplqhg e| d vlqjoh0idfwru/ FDSP0w|sh jhqhudwlqj
surfhvv1 Dv d frqvhtxhqfh/ hdfk ri wkh �up*v uhdo rswlrqv fdq eh ydoxhg xvlqj
frqwlqjhqw fodlpv dqdo|vlv1

Rxu uhvhdufk ghvljq lv dv iroorzv1 Zh hpsor| vlpxodwlrq phwkrgv wr fuhdwh d
xqlyhuvh ri k|srwkhwlfdo �upv/ xvlqj wkh prgho rxwolqhg deryh1 Htxlw| uhwxuqv
duh olqnhg lq furvv0vhfwlrq e| d vlqjoh idfwru wkdw lq xhqfhv wkh hyroxwlrq ri hdfk
�up*v xqghuo|lqj vwdwh yduldeoh1 Zh lqyhvwljdwh krz hpslulfdoo| revhuydeoh ydul0
deohv/ vxfk dv PH/ EH2PH dqg H2PH uh hfw wkh xqrevhuydeoh ixqgdphqwdo gh0
whuplqdqwv ri wkh ydoxh dqg h{shfwhg uhwxuqv ri uhdo rswlrqv rzqhg e| �upv1 Wkh
ixqgdphqwdo idfwruv lqfoxgh dvvhw ehwd/ yrodwlolw|/ wkh ohyho ri wkh vwdwh yduldeoh
dqg d phdvxuh ri fdsdflw| xwlol}dwlrq1 Zh dovr vkrz wkdw sruwirolrv vruwhg rq PH/
EH2PH dqg H2PH vwurqjo| fdswxuh furvv0vhfwlrqdo yduldwlrq lq wkh ixqgdphqwdo
yduldeohv14

Wkh vhfrqg vwdjh ri rxu lqyhvwljdwlrq irfxvhv rq wkh uroh ri PH/ EH2PH dqg
H2PH lq ghwhuplqlqj wkh glvwulexwlrq ri vwrfn uhwxuqv1 Rxu vlpxodwlrq0edvhg
dqdo|vlv vxjjhvwv wkdw PH/ EH2PH dqg H2PH pd| h{sodlq h{shfwhg uhwxuqv
ehfdxvh wkh| sur{| iru ixqgdphqwdo ihdwxuhv wkdw ghwhuplqh h{shfwhg uhwxuqv1
Dqdo|vlv ri vlpxodwhg gdwd sruwirolrv frq�upv wkdw PH/ EH2PH dqg H2PH kdyh/
uhvshfwlyho|/ qhjdwlyh/ srvlwlyh dqg srvlwlyh uhodwlrqvklsv zlwk rqh0shulrg dkhdg
dyhudjh sruwirolr uhwxuqv1 Wkhvh uhodwlrqvklsv duh frq�uphg lq xqlyduldwh uhjuhv0
vlrqv ri lqglylgxdo uhwxuqv rq wkhvh yduldeohv1 Zkhq zh udqn �upv rq d wzr0
glphqvlrqdo edvlv +�uvw e| PH dqg/ wkhq/ zlwklq PH txlqwlohv e| EH2PH,/ wkh
uhvxowv frq�up wkrvh lq Idpd dqg Iuhqfk +4<<5,/ l1h1 dyhudjh sruwirolr uhwxuqv
ghfuhdvh dv PH lqfuhdvhv dqg/ zlwklq PH sruwirolrv/ lqfuhdvh dv EH2PH lqfuhdvhv1
Ixuwkhu/ pxowlyduldwh uhjuhvvlrqv ri uhwxuqv rq wkh wkuhh yduldeohv jhqhudoo| sur0
gxfh vlplodu txdolwdwlyh uhvxowv wr wkrvh irxqg lq hpslulfdo gdwd1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 4 ghvfulehv rxu
g|qdplf prgho ri dq lqglylgxdo �up1 Vhfwlrq 5 surylghv wkh ghwdlov ri rxu vlp0
xodwlrqv1 Vhfwlrq 6 suhvhqwv vlpxodwlrq uhvxowv ghvfulelqj wkh uhodwlrqv ehwzhhq
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uhwxuqv/ PH/ EH2PH/ H2PH dqg wkh ixqgdphqwdo fkdudfwhulvwlfv ri �up*v uhdo rs0
wlrqv1 Vhfwlrq 7 uhsruwv vlpxodwlrq uhvxowv rq wkh dvvrfldwlrq ehwzhhq rqh0shulrg
dkhdg uhwxuqv dqg PH/ EH2PH dqg H2PH1 Vhfwlrq 8 frqwdlqv rxu frqfoxvlrqv
dqg lpsolfdwlrqv iru ixwxuh uhvhdufk1

41 Wkh Ilup dv d Sruwirolr ri Uhdo Rswlrqv

4141 Lqwxlwlrq

Zh ylhz wkh �up dv d sruwirolr ri dvvhwv lq sodfh +l1h1 fxuuhqw surgxfwlyh fdsdflw|,
dqg lqyhvwphqw rssruwxqlwlhv +l1h1 srwhqwldo ixwxuh surgxfwlyh fdsdflw|,1 Wkh
lpsruwdqw glphqvlrq ri rxu ydoxdwlrq prgho/ zkhq frpsduhg zlwk prvw sulru
uhvhdufk rq htxlw| ydoxdwlrq/ lv wkh uhfrjqlwlrq wkdw wkh ydoxhv ri erwk dvvhwv lq
sodfh dqg ixwxuh lqyhvwphqw rssruwxqlwlhv uh hfw wkh ydoxhv ri uhdo rswlrqv1

Zh irfxv rq wzr w|shv ri uhdo rswlrqv/ erwk uhvxowlqj iurp lqyhvwphqw luuh0
yhuvlelolw|1 Iluvw/ wkh �up pxvw ghflgh rq wkh sur�w pd{lpl}lqj surgxfwlrq ohyho/
vxemhfw wr d fdsdflw| frqvwudlqw uhvxowlqj iurp sulru lqyhvwphqw ghflvlrqv1 Surgxf0
wlrq ghflvlrqv lqyroyh wkh h{huflvh ri fdoo rswlrqv ryhu xqlwv ri surgxfwlyh fdsdflw|/
wkh h{huflvh sulfh ehlqj wkh yduldeoh frvw ri surgxfwlrq1

Vhfrqg/ zkhq hydoxdwlqj rssruwxqlwlhv wr lqyhvw lq qhz surgxfwlyh fdsdflw|/
�upv duh dvvxphg wr eh deoh wr h{huflvh glvfuhwlrq ryhu wkh wlplqj ri lqyhvwphqwv1
Wlplqj rswlrqv fdq dovr eh uhsuhvhqwhg dv fdoo rswlrqv/ wkh h{huflvh sulfh ehlqj
wkh lqyhvwphqw rxwod| dqg wkh ydoxh ri wkh dvvhw ehlqj ghulyhg iurp wkh rshudwlqj
fdvk  rzv uhvxowlqj iurp ixwxuh rswlpdo surgxfwlrq ghflvlrqv1 Erwk surgxfwlrq
rswlrqv dqg lqyhvwphqw wlplqj rswlrqv duh srwhqwldoo| yhu| vljql�fdqw frpsrqhqwv
ri wrwdo �up ydoxh +Slqg|fn 4<;;> Gl{lw dqg Slqg|fn 4<<7,1

Lw lv lpsruwdqw wr uhfrjql}h wkdw d �up wkdw iroorzv dq rswlpdo lqyhvwphqw
vwudwhj| h{ dqwh pd| dsshdu wr kdyh lqvwdoohg wrr pxfk fdsdflw| h{ srvw ehfdxvh
ghpdqg lv vwrfkdvwlf1 Surgxfw ghpdqg fdq uhdfk fulwlfdo ydoxhv wkdw wuljjhu qhz
lqyhvwphqw/ exw lw fdq dovr guliw grzqzdugv1 Zkhq wklv kdsshqv lw pd| eh rswlpdo
iru wkh �up wr surgxfh dw ehorz ixoo fdsdflw|1 Lq wklv vlwxdwlrq wkh ydoxh ri wkh
rswlrq wr zdlw h{fhhgv wkh ydoxh ri wkh pdujlqdo xqlw ri fdsdflw| lq xvh/ qhw ri wkh
lqyhvwphqw rxwod|1 Krzhyhu/ e| lqyhvwlqj lq wkh pdujlqdo xqlw ri fdsdflw| dw vrph
hduolhu gdwh/ wkh �up kdv irujrqh wklv rswlrq1 Ehfdxvh ri lqyhvwphqw luuhyhuvlelolw|/
wkh ydoxh wr wkh �up ri wkh pdujlqdo xqlw ri h{fhvv fdsdflw| zloo eh ohvv wkdq wkh
ydoxh ri wkh rswlrq wr lqyhvw lq wkdw xqlw1

Wkh h{shfwhg uhwxuq iru wkh djjuhjdwh �up zloo eh d ydoxh0zhljkwhg dyhudjh ri
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wkh h{shfwhg uhwxuqv rq doo rswlrqv lq wkh �up*v sruwirolr1 Rswlrq sulflqj wkhru|
fdq khos lq xqghuvwdqglqj wkh ghwhuplqdqwv ri wkh �up*v h{shfwhg uhwxuq/ jlyhq
rxu vlpsoh fkdudfwhul}dwlrq ri wkh �up1 Lw lv zhoo0nqrzq wkdw wkh h{shfwhg h{fhvv
uhwxuq rq d vlqjoh fdoo rswlrq lv htxdo wr

.Eo� � o� ' l�.Eo@ � o� +4,

zkhuh o� lv wkh uhwxuq rq wkh fdoo rswlrq/ l� lv wkh hodvwlflw| rq wkh fdoo rswlrq/
o@ lv wkh uhwxuq rq wkh xqghuo|lqj dvvhw/ dqg o lv wkh ulvn0iuhh udwh ri lqwhuhvw
+vhh/ iru h{dpsoh/ Fr{ dqg Uxelqvwhlq 4<;8,1 Qrwh wkdw wkh hodvwlflw| ri d fdoo
rswlrq +dqg/ khqfh/ lwv h{shfwhg uhwxuq, lv d ghfuhdvlqj +qrq0olqhdu, ixqfwlrq ri
lq0wkh0prqh|qhvv dqg ri yrodwlolw|1

Li h{shfwhg uhwxuqv rq wkh xqghuo|lqj dvvhw duh jhqhudwhg dffruglqj wr wkh
FDSP/ htxdwlrq +4, fdq eh frpelqhg zlwk wkh FDSP wr jlyh

.Eo� � o� ' l�q�.Eo6 � o� +5,

zkhuh q� lv wkh xqghuo|lqj dvvhw*v FDSP ehwd dqg .Eo6� o� : f lv wkh h{shfwhg
pdunhw ulvn suhplxp1 Wkxv/ li wkh �up lv h�hfwlyho| d sruwirolr ri rswlrqv/ lwv
h{shfwhg uhwxuq/ .E-�/ zloo eh wkh ulvn0iuhh udwh ri lqwhuhvw soxv d ydoxh zhljkwhg
dyhudjh ri hodvwlflw|0dgmxvwhg h{shfwhg dvvhw h{fhvv uhwxuqv/ l1h1=

.E-� ' o n
[
�

��l�q�d.Eo6 � o�o +6,

zkhuh �� lv wkh ydoxh ri wkh ��|� uhdo rswlrq1 Htxdwlrq +5, vxjjhvwv wkdw/ fhwhulv
sdulexv/ �upv zlwk kljkhu rswlrq0uhodwhg frpsrqhqwv ri ydoxh dqg kljkhu rswlrq
hodvwlflwlhv zloo kdyh kljkhu h{shfwhg htxlw| uhwxuqv1

Zlwklq wklv vwuxfwxuh/ h{shfwhg uhwxuqv zloo ghshqg rq wkh edodqfh ehwzhhq
surgxfwlrq dqg lqyhvwphqw rswlrqv1 Zh h{shfw wkdw wkh ohyhov ri wkh ghpdqg dqg
fdsdflw| xwlol}dwlrq zloo dfw dv sur{lhv iru wkh dyhudjh ghjuhh ri prqh|qhvv iru
rswlrqv khog e| wkh �up dqg iru wkh edodqfh ehwzhhq surgxfwlrq dqg lqyhvwphqw
rswlrqv1 Fhwhulv sdulexv/ zh zrxog h{shfw fdsdflw| xwlol}dwlrq wr kdyh d qhjdwlyh
uhodwlrqvkls zlwk h{shfwhg uhwxuqv 0 surgxfwlrq dqg lqyhvwphqw rswlrqv zloo pryh
rxw ri wkh prqh| dqg kdyh kljkhu hodvwlflwlhv dv fdsdflw| xwlol}dwlrq ghfolqhv1

4151 Prgho Vwuxfwxuh

Rxu prgho ri wkh �up lv edvhg rq Slqg|fn +4<;;,1 Vshfl�fdoo|/ frqvlvwhqw zlwk
Slqg|fn +4<;;,/ zh dvvxph wkh iroorzlqj=

:



41 wkh �up fdq lqyhvw lq lq�qlwh0olyhg/ qrq0ghsuhfldwlqj/ xqlwv ri fdsdflw|>

51 lqyhvwphqw lv luuhyhuvleoh>5

61 wkh frvw ri doo xqlwv ri fdsdflw| lv h{rjhqrxv dqg frqvwdqw iru hdfk xqlw dqg
ryhu wlph +dqg htxdov &,>

71 hdfk xqlw ri fdsdflw| fdq surgxfh d vlqjoh xqlw ri rxwsxw shu shulrg>

81 wkh �up krogv qr lqyhqwrulhv/ uhfhlydeohv ru sd|deohv 0 lw kdv qr zrunlqj
fdslwdo>

91 doo qhz lqyhvwphqw lv �qdqfhg e| htxlw| dqg doo sur�wv duh ixoo| glvwulexwhg16

Wkh ydoxh ri dvvhwv lq sodfh ghshqgv rq wkh h{shfwhg sur�wdelolw| ri surgxf0
wlrq1 Zh dvvxph wkdw wkh sur�wdelolw| ri d �up*v surgxfw ghshqgv rq wkh uhdol}d0
wlrq ri d vwdwh yduldeoh/ w/ zklfk fdq eh wkrxjkw ri dv dq h{rjhqrxvo| ghwhuplqhg
ghpdqg vkliw sdudphwhu1 Wkxv/ wkh ghpdqg ixqfwlrq iru wkh �up*v rxwsxw lv dv
iroorzv=

� E|� ' wE|�� �' +7,

zkhuh � E|� lv wkh sulfh ri rxwsxw dw wlph |/ ' lv dprxqw surgxfhg dqg vrog/ �
lv d qrq0qhjdwlyh frqvwdqw dqg wE|� lv wkh udqgrp vwdwh yduldeoh1 Li � ' f/ wE|�
fdq eh uh0lqwhusuhwhg dv wkh h{rjhqrxv sulfh dw zklfk wkh �up*v surgxfw vhoov lq
d shuihfwo| frpshwlwlyh pdunhw dw wlph |1

Wkh vwdwh yduldeoh wE|� hyroyhv dffruglqj wr wkh iroorzlqj vwrfkdvwlf surfhvv=

_w ' kw_|n jw_5 +8,

zkhuh _5 lv wkh lqfuhphqw ri d Zlhqhu surfhvv dqg k dqg j duh frqvwdqwv1
Slqg|fn +4<;;, dvvxphv wkdw wkhuh h{lvwv dq dvvhw ru sruwirolr ri dvvhwv wkdw lv

shuihfwo| fruuhodwhg zlwk w1 Wkh h{shfwhg udwh ri uhwxuq rq wklv dvvhw ru sruwirolr
ri dvvhwv lv htxdo wr=

5Rqh zd| ri prwlydwlqj luuhyhuvlelolw| lv wr frqvlghu hdfk xqlw ri fdsdflw| dv kdylqj qr ydoxh
lq dq| dowhuqdwlyh xvh1 Gl{lw dqg Slqg|fn +4<<7/ Fk1:, frqvlghu wkh fdvh ri sduwldoo| uhyhuvleoh
lqyhvwphqw1 Jhqhudoo|/ wkh| vkrz wkdw wkh ydoxh ri lqyhvwphqw rswlrqv ghfuhdvhv dv uhyhuvlelolw|
lqfuhdvhv1 Qrqhwkhohvv/ zh gr qrw h{shfw wkdw rxu pdlq frqfoxvlrqv zrxog eh d�hfwhg xqohvv
lqyhvwphqw lv wrwdoo| uhyhuvleoh 0 wkdw lv/ sduwldo uhyhuvlelolw| zrxog ohdg wr vlplodu txdolwdwlyh
frqfoxvlrqv1

6Wkh prgho uxqv xvlqj d glvfuhwh wlph dssur{lpdwlrq wr frqwlqxrxv wlph1 Zh dvvxph/ krz0
hyhu/ wkdw glylghqgv duh sdlg dqqxdoo|1

;



> ' o n qEo6 � o� +9,

zkhuh q lv wkh FDSP ehwd ri wkh dvvhwv ru sruwirolr ri dvvhwv1
Wkh �up*v rshudwlqj frvw ixqfwlrq lv jlyhq e|=

�E'� ' S�'n S2'
2*2 +:,

zlwk S�c S2 � f�
Dw doo srlqwv lq wlph +lqfoxglqj | ' f, wkh �up vroyhv wzr sureohpv1 Kdylqj

revhuyhg wkh ydoxh ri wE|�/ �uvw lw ghflghv rq zkhwkhu ixuwkhu lqyhvwphqw lv qhfhv0
vdu|/7 dqg/ vhfrqg/ lw ghflghv rq krz pxfk wr surgxfh/ jlyhq wkh fkrvhq ohyho ri
lqyhvwphqw1

415141 Wkh Lqyhvwphqw Sureohp

Wkh �up*v lqyhvwphqw sureohp lqyroyhv �uvw �qglqj wkh rswlpdo fdsdflw| ohyho/ g/
gh�qhg zkhuh wkh suhvhqw ydoxh ri wkh pdujlqdo xqlw ri fdsdflw| lv mxvw htxdo wr
wkh ydoxh ri wkh rswlrq wr lqyhvw/ soxv wkh h{huflvh sulfh +wkh frvw ri wkh fdsdflw|,1
Wklv uhtxluhv wkdw/ hdfk shulrg/ wkh �up frpsduhv wkh uhdol}hg ydoxh ri w zlwk
fulwlfdo wkuhvkrog ydoxhv ri w hvwdeolvkhg iru hdfk xqlw ri fdsdflw|1 Li w lv ohvv wkdq
wkh wkuhvkrog wWEg� lw lv qrw rswlpdo wr dgg wkh gn��|� xqlw ri fdsdflw|> dqg li w
lv deryh wkh wkuhvkrog lw lv rswlpdo wr dgg wkh gn��|� xqlw ri fdsdflw|1 Zkhwkhu
wkh rswlpdo fdsdflw| ohyho lv ihdvleoh zloo ghshqg rq zkhwkhu w kdv suhylrxvo|
ehhq dw d ohyho kljkhu wkdq wkh fxuuhqw rswlpdo wkuhvkrog ydoxh1 Li wklv lv wkh fdvh
wkhq wkh �up zloo dyrlg ixuwkhu lqyhvwphqw dqg pd| kdyh wr frqvlghu rshudwlqj
dw ehorz ixoo fdsdflw|1

415151 Wkh Surgxfwlrq Sureohp

Dw wlph | wkh �up rzqv d vshfl�f qxpehu ri xqlwv ri fdsdflw|/ gE|�1 Wkh �up*v
surgxfwlrq sureohp lv wr vhohfw wkh rxwsxw ohyho wr pd{lpl}h sur�wv/ ZE|�/ vxemhfw
wr wkh fdsdflw| frqvwudlqw=

4@ 
'

ZE|� ' EwE|�� S��'�
�
� n

S2
2

�
'2 +;,

vxemhfw wr= f � ' � gE|��

7Dw wlph w @ 3/ qr lqyhvwphqw kdv wdnhq sodfh1 Khqfh/ lq wklv frqwh{w ixuwkhu lqyhvwphqw lv
lqlwldo lqyhvwphqw1

<



415161 Ilup Ydoxdwlrq

Jlyhq wkh deryh/ Slqg|fn +4<;;, vkrzv wkdw wkh ydoxh ri d pdujlqdo xqlw ri fdsdf0
lw| lv d frpsoh{ qrq0olqhdu ixqfwlrq ri w/ wkh yrodwlolw| ri w/ dqg wkh ulvn0dgmxvwhg
frvw ri fdslwdo ri wkh xqghuo|lqj dvvhw/ dprqjvw rwkhu yduldeohv1 Vshfl�fdoo|/
Slqg|fn +4<;;, vkrzv wkdw li {T Egc w� lv wkh ydoxh ri lqvwdoolqj wkh pdujlqdo
xqlw ri fdsdflw|/ jlyhq g xqlwv kdyh douhdg| ehhq lqvwdoohg dqg wkh vwdwh yduldeoh
wdnhv wkh ydoxh w/ wkhq=

{T Egc w� ' K�w
q�( li w � E2� n S2�g n S�

{T Egc w� ' K2w
q2 n w*B � dE2� n S2�g n S�o*o( li w : E2� n S2�g n S�

zkhuh=

B ' >� k
q� ' d�Eo � B � j2*2�2 n dEo � B � j2*2�2 n 2oj2oE�D�o*j2

q2 ' d�Eo � B � j2*2�2 n dEo � B � j2*2�2 n 2oj2oE�D�o*j2

K� ' do � q2Eo � B�odE2� n S2�g n S�o
E�3q��*doBEq� � q2�o

K2 ' do � q�Eo � B�odE2� n S2�g n S�o
E�3q2�*doBEq2 � q��o

+<,

Wkh vroxwlrq iru {T Egc w� fdq eh lqwhusuhwhg dv iroorzv1 Zkhq w � E2� n
S2�gnS�/ wkh xqlw ri fdsdflw| lv qrw lq xvh zlwk wkh fxuuhqw ydoxh ri w1 Wkhuhiruh/
wkh ydoxh ri wkh xqlw ri fdsdflw| uhsuhvhqwv wkh rswlrq wr surgxfh lq wkh ixwxuh1
Li w : E2� n S2�g n S�/ wkh ydoxh ri wkh xqlw ri fdsdflw| lv lq wzr sduwv1 w*B �
dE2� n S2�g n S�o*o uhsuhvhqwv wkh ydoxh ri dozd|v surgxflqj dqg K2w

q2 uhsuhvhqwv
wkh ydoxh ri wkh rswlrq wr whpsrudulo| dqg frvwohvvo| vxvshqg surgxfwlrq1

Zkhq lqyhvwphqw lv luuhyhuvleoh/ wkh rswlrq wr zdlw/ l1h1 wr ghihu lqyhvwphqw/
fdq eh d sduwlfxoduo| ydoxdeoh frpsrqhqw ri ryhudoo �up ydoxh1 Slqg|fn +4<;;,
dovr vkrzv wkdw {8 Egc w�/ wkh ydoxh ri wkh rswlrq wr lqyhvw lq d pdujlqdo xqlw ri
fdsdflw|/ jlyhq wkdw g xqlwv kdyh douhdg| ehhq lqvwdoohg dqg wkh vwdwh yduldeoh
wdnhv wkh ydoxh w/ lv jlyhq e|=

{8 Egc w� ' @wq�( li w � wWEg�
{8 Egc w� ' {T Egc w�� &( li w : wWEg�

zkhuh @ lv jlyhq e|=

@ ' dK2q2w
Eq23q��*q�o n dwEg�E�3q��*Bq�o +43,

wWEg� lv wkh vroxwlrq wr=

f ' dK2Eq2�q��wEg�Eq2�*q�on dEq�� ��wEg�*Bq�o� dE2�n S2�gn S�o*o� & +44,
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Li w : wWEg�/ wkh ydoxh ri wkh rswlrq wr lqyhvw lv htxdo wr wkh qhw suhvhqw ydoxh ri
wkh xqlw ri fdsdflw| lq sodfh1 Rwkhuzlvh lw lv ydoxhg dv dq rswlrq wr lqyhvw vrph
wlph lq wkh ixwxuh1

D ydoxh0pd{lpl}lqj �up zloo lqyhvw lq xqlwv ri fdsdflw| dv orqj wkhlu ydoxh
lq xvh h{fhhgv wkh lqyhvwphqw rxwod| soxv wkh ydoxh ri wkh rswlrq wr lqyhvw odwhu1
Frqglwlrqdo rq wkh ohyho ri w/ wkh rswlpdo ohyho ri lqvwdoohg fdsdflw| zloo vdwlvi|
wklv uhtxluhphqw1

Wkh ydoxh ri wkh �up dw dq| wlph | lv wkhq irxqg e| vxpplqj wkh ydoxhv ri doo
wkh dvvhwv lq sodfh/ {T Egc wE|�� cg � gE|� dqg wkh ydoxhv ri doo wkh uhpdlqlqj
rswlrqv wr lqyhvw/ {8 Egc wE|�� c g : gE|�/ zkhuh gE|� lv wkh ohyho ri lqvwdoohg
fdsdflw| dw wlph | dqg wE|� lv wkh ohyho ri wkh vwdwh yduldeoh dw wlph |18 Zh xvh wkh
ydoxdwlrq irupxod lq Slqg|fn +4<;;,1 Wkxv/ wkh pdunhw ydoxh dw wlph |/ �T E|�/
lv fdofxodwhg dv=

�T E|� '
gE|�[
f

{T Egc wE|�� n
"[

gE|�n�

{8 Egc wE|�� +45,

Uhodwlqj wklv prgho ri wkh �up wr wkh lqwxlwlrq deryh/ li lqyhvwphqw lv luuh0
yhuvleoh dqg li ghpdqg lv yrodwloh/ zh h{shfw wkh rswlrqv +l, wr xvh surgxfwlyh
fdsdflw|> dqg +ll, wr zdlw wr lqyhvw/ wr eh wkh wzr frpsrqhqwv ri wkh ryhudoo
ydoxh ri wkh �up1 Lq wxuq/ h{shfwhg uhwxuqv zloo eh d frpsolfdwhg +qrq0olqhdu,
ixqfwlrq ri wkh ixqgdphqwdo prgho sdudphwhuv/ lqfoxglqj wkh prqh|qhvv ri wkh
hpehgghg uhdo rswlrqv +uh hfwhg e| wkh ohyho ri wkh vwdwh yduldeoh/ w dqg fdsdflw|
xwlol}dwlrq,/ yrodwlolw| dqg wkh FDSP ehwd ri wkh xqghuo|lqj dvvhwv1 Zh h{shfw
revhuydeoh �rxwsxw� yduldeohv vxfk dv PH/ EH2PH/ dqg H2PH wr ghshqg rq wkh
vdph ixqgdphqwdov1 Dv d frqvhtxhqfh zh zrxog h{shfw wr revhuyh uhodwlrqvklsv
ehwzhhq h{shfwhg uhwxuq/ PH/ EH2PH/ dqg H2PH1 Iljxuh 4 vxppdul}hv wkh orjlf
ri rxu dssurdfk1

8Qrwh wkdw wkh pdunhw ydoxh dw dq| wlph w zloo/ lq sduw/ ghshqg rq wkh sdwk wkdw � kdv
wdnhq wr jhw wr lwv fxuuhqw ydoxh1 Wklv lv ehfdxvh wkh sdwk wdnhq zloo d�hfw wkh fxuuhqw ohyho ri
fdsdflw|1 Gl�huhqw sdwkv fdq surgxfh gl�huhqw fxuuhqw ohyhov ri fdsdflw|1 Ixuwkhu/ pdunhw ydoxh/
iru d jlyhq �/ zloo ghshqg xsrq wkh fxuuhqw ohyho ri fdsdflw|1 Wkxv/ wkh pdunhw uhwxuq ryhu d
shulrg zloo ghshqg rq qrw mxvw wkh hqg0srlqwv ri wkh sdwk ri � ryhu wkh shulrg exw dovr wkh sdwk
wdnhq zklfk zloo d�hfw wkh sur�wv ixoo| sdlg rxw dv glylghqgv/ wkh lqyhvwphqw sdlg iru e| qhz
htxlw| dqg wkh forvlqj pdunhw ydoxh ri wkh �up1
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51 Wkh Vlpxodwlrq H{shulphqw

Dowkrxjk Slqg|fn*v +4<;;, dqdo|vlv surylghv h{suhvvlrqv iru wkh ydoxhv ri pdu0
jlqdo xqlwv ri fdsdflw|/ qr wudfwdeoh forvhg0irup vroxwlrq fdq eh ghulyhg iurp wkh
prgho zklfk zrxog hqdeoh xv wr fdofxodwh wkh ryhudoo ydoxh ri wkh �up/ wkh ryhudoo
h�hfwlyh hodvwlflw| dvvrfldwhg zlwk wkh uhdo rswlrqv/ ru wkh ryhudoo h{shfwhg uhwxuq1
Wkhuhiruh zh frqgxfw d frpsxwdwlrqdo h{shulphqw/ edvhg rq Prqwh Fduor vlpxod0
wlrq phwkrgv/ wr jdlq ixuwkhu lqvljkwv lqwr krz htxlw| uhwxuqv hyroyh dqg uhodwh wr
prgho ixqgdphqwdov dqg wr hpslulfdoo| revhuydeoh yduldeohv vxfk dv PH/ EH2PH
dqg H2PH1

Zh edvh rxu vlpxodwlrq h{shulphqwv rq 43/733 vlpxodwhg �up0klvwrulhv/ hdfk
ri 58 |hduv lq ohqjwk1 Zh dgrsw d glvfuhwh wlph dssur{lpdwlrq/ dvvxplqj wlph
lqfuhphqwv ri �rqh gd|� dqg djjuhjdwlqj doo  rz yduldeohv dvvxplqj 583 gd|v lq
d |hdu1 Wkh vlpxodwlrq srsxodwlrq frpsulvhv d vhw ri rqh kxqguhg �up0klvwrulhv
jhqhudwhg iru hdfk ri 437 gl�huhqw frpelqdwlrqv ri dvvhw ehwd sdudphwhu ydoxhv
+q udqjhv iurp 3 wr 415 lq vwhsv ri 14, dqg yrodwlolw| sdudphwhu ydoxhv +j udqjhv
iurp 148 wr 155 lq vwhsv ri 134,1

Hdfk �gd|� d vlpxodwhg �up lv dvvxphg wr vroyh wkh rswlpdo lqyhvwphqw sure0
ohp9 dqg wkh rswlpdo surgxfwlrq sureohp/ frqglwlrqdo rq wkh ydoxh ri w revhuyhg
rq wkdw gd|1 Wkxv/ hdfk �up vlpxodwlrq surgxfhv 9/583 �gdlo|� ydoxhv iru fdslwdo
lqyhvwphqw/ rxwsxw yroxph dqg fdsdflw|/ wkh pdunhw ydoxh ri dvvhwv lq sodfh dqg
jurzwk rswlrqv/ dqg sur�w dqg errn ydoxh1:

Zh hqvxuh frqvlvwhqf| ehwzhhq FDSP dqg wkh yrodwlolw| vwuxfwxuh ri rxu
prgho e| gh�qlqj wkh wrwdo yrodwlolw| ri w iru d �up dv=

j2 ' q2j2
6 n j2

0 +46,

zkhuh j2
6 lv wkh v|vwhpdwlf frpsrqhqw ri yrodwlolw| w/ dqg j2

0 lv wkh �up0vshfl�f
�lglrv|qfudwlf� frpsrqhqw ri yrodwlolw| lq w1 Wkh v|vwhpdwlf frpsrqhqw ri yrodwlo0
lw| lpsolhg e| htxdwlrq +46, lv vlpxodwhg rqfh iru hdfk �gd|� ri wkh vlpxodwlrqv
dqg dssolhv wr doo �upv1 Wkh lglrv|qfudwlf frpsrqhqw ri wkh yrodwlolw| ri w lq wklv
htxdwlrq lv vlpxodwhg iru hdfk lqglylgxdo �up dqg iru hdfk lqglylgxdo �up �gd|�1

Wkh edvlf dffrxqwlqj shulrg lv dvvxphg wr eh rqh |hdu1 \hdu hqg errn ydoxh lv

9Lq wkh vlpxodwlrq prghov zh vhw dq duelwudulo| kljk pd{lpxp wrwdo fdsdflw| dqg wkhq lqfoxgh
wkh ydoxh ri jurzwk rswlrqv lq djjuhjdwh �up ydoxh dv orqj dv wkh pdujlqdo rswlrq frqwulexwhv
dw ohdvw 3138( wr wkh rswlrq ydoxh frpsrqhqw ri wkh �up1

:Wkh vlpxodwlrq prgho zdv surjudpphg lq Iruwudq :: uxqqlqj rq d Wudqvwhf l;930edvhg
sdudooho surfhvvru frpsxwhu1
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wkh errn ydoxh rq wkh odvw gd| ri hdfk |hdu1 Lq rxu vlpsoh ylhz ri wkh �up/ errn
ydoxh lv wkh klvwrulf frvw ri wkh dvvhwv0lq0sodfh1 Qr dffxpxodwhg ghsuhfldwlrq lv
wdnhq lqwr dffrxqw ehfdxvh ri wkh dvvxpswlrq wkdw surgxfwlyh dvvhwv odvw iruhyhu1
Hduqlqjv iru wkh |hdu lv fdofxodwhg e| fxpxodwlqj rshudwlqj fdvk  rz ryhu 583 gd|v
lq d �fdvk dffrxqw� zkhuh fdvk vxusoxvhv dwwudfw lqwhuhvw dw wkh ulvn iuhh udwh1;

Djdlq/ qr ghsuhfldwlrq lv fkdujhg lq fdofxodwlqj hduqlqjv ehfdxvh ri wkh dvvxps0
wlrq wkdw surgxfwlyh dvvhwv duh lq�qlwh0olyhg1 Djjuhjdwh dffxpxodwhg hduqlqjv duh
dvvxphg wr eh ixoo| glvwulexwhg dw wkh |hdu0hqg1 Vlploduo| qhz htxlw|0�qdqfhg
fdslwdo lqyhvwphqw lv fxpxodwhg wr d |hdu0hqg ydoxh e| frpsrxqglqj iruzdug wkh
lqyhvwphqw fdvk  rzv rq d gdlo| edvlv dw wkh ulvn0iuhh udwh1

Dqqxdo htxlw| uhwxuqv iru |hdu |/ -E|�/ duh fdofxodwhg dvvxplqj wkdw hduqlqjv
duh ixoo| glvwulexwhg/ l1h1

-E|� '
�T E|� n ZE|�� UE|�

�T E|� ��
� � +47,

zkhuh UE|� lv qhz htxlw|0�qdqfhg lqyhvwphqw frpsrxqghg iruzdug wr wkh |hdu0
hqg1 Lq wkh devhqfh ri edqnuxswf| frvwv dqg wd{hv dqg zlwk shuihfw dqg frp0
sohwh pdunhwv/ wkh �up*v glylghqg srolf| lv luuhohydqw wr ydoxdwlrq +Ploohu dqg
Prgljoldql/ 4<94,1

Wr lpsohphqw wkh vlpxodwlrq/ zh dvvxph wkdw wkh wlph f vwduwlqj ydoxh iru w
lq hdfk �up0klvwru| lv gudzq iurp d xqlirup glvwulexwlrq ehwzhhq 2�f dqg �D�f>
o6 ' ���fI shu dqqxp dqg o ' ��DI shu dqqxp +l1h1 wkh pdunhw ulvn suhplxp
lv dvvxphg wr eh :18( shu dqqxp,> j2

6 ' ��2> k ' f> � ' f> S� ' f dqg
S2 ' f�D( & ' �ff1< Wr hqvxuh wkdw wkh vlpxodwhg gdwd zh dqdo|}h lv �vhdvrqhg�/
zh h{foxgh wkh �uvw wzr |hduv ri hdfk �up klvwru|/ rwkhu wkdq dv d vrxufh ri gdwd
iru h{sodqdwru| yduldeohv1 Ixuwkhu/ zh gurs �upv lq dq| |hdu wkdw kdyh qrw vwduwhg
wudglqj dqg/ khqfh/ iru zklfk EH @ 3 +l1h1 �upv zklfk kdyh pdgh qr lqyhvwphqwv
lq surgxfwlyh dvvhwv sulru wr ru lqfoxglqj wkdw |hdu,1

;Wkhuh lv qr glvwlqfwlrq ehwzhhq hduqlqjv dqg rshudwlqj fdvk  rz lq rxu prgho ehfdxvh wkhuh
lv qr uroh iru ghsuhfldwlrq ru rwkhu dffrxqwlqj dffuxdov1

<Dw �uvw vljkw/ lw vhhpv wkdw wkh vhohfwhg ydoxhv ri �/ f4/ dqg f5 lpso| wkdw zh duh dvvxplqj
d shuihfwo| frpshwlwlyh surgxfw pdunhw1 Qrwh/ krzhyhu/ wkdw � dqg f5 rqo| dsshdu lq ydoxdwlrq
h{suhvvlrqv zlwklq wkh vpdoohu h{suhvvlrq +5� . f5, +vhh htxdwlrqv +<, dqg +44,,1 Dv d frqvh0
txhqfh/ dq| ihdvleoh frpelqdwlrq ri � dqg f5 vdwlvi|lqj wkh frqglwlrq +5� . f5, @ =81 zloo eh
frqvlvwhqw zlwk wkh rxwsxw ri wkh vlpxodwlrqv1 Wkxv/ d shuihfwo| frpshwlwlyh surgxfw pdunhw lv
frqvlvwhqw zlwk wklv frqglwlrq 0 exw vr duh pdq| rwkhu frpelqdwlrqv ri ghpdqg dqg frvw ixqfwlrq
frqglwlrqv1
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61 Prgho Ixqgdphqwdov/ PH/ EH2PH/ H2PH dqg Uhwxuqv

6141 Xqghuo|lqj Dvvhw Ehwd/ Wrwdo Yrodwlolw| dqg Uhwxuqv

Wdeoh 4 vkrzv krz phdq dqg phgldq uhwxuqv ydu| zlwk wkh FDSP ehwd dqg wr0
wdo yrodwlolw|/ j/ ri wkh xqghuo|lqj dvvhwv1 Wkh uhvxowv fohduo| vkrz wkdw ehwd lv
srvlwlyho| dvvrfldwhg uhwxuqv/ dv suhglfwhg e| htxdwlrq +6,1 Shukdsv pruh lqwhuhvw0
lqjo|/ wkh wrwdo yrodwlolw| ri wkh xqghuo|lqj dvvhwv kdv d qhjdwlyh uhodwlrqvkls zlwk
phgldq uhwxuq/ dowkrxjk qr fohdu0fxw uhodwlrqvkls ehwzhhq yrodwlolw| dqg phdq
uhwxuq lv revhuyhg1 Wkh jhqhudo lqfuhdvh lq vnhzqhvv ri uhwxuqv/ dv lqglfdwhg e|
wkh gl�huhqfh ehwzhhq phdq dqg phgldq uhwxuqv/ zlwk yrodwlolw| lv d qrwdeoh ihd0
wxuh ri wkh frqglwlrqdo uhwxuqv glvwulexwlrqv dqg lv frqvlvwhqw zlwk htxlw| uhwxuqv
uhvhpeolqj uhwxuqv iurp dq rswlrqv sruwirolr1

6151 �/ Fdsdflw| Xwlol}dwlrq dqg Uhwxuqv

Htxdwlrq +5, lqglfdwhv wkdw wkh h{shfwhg uhwxuq iru d fdoo rswlrq ghshqgv rq
xqghuo|lqj dvvhw ehwd dqg rq wkh rswlrq hodvwlflw|1 Wkh odwwhu ghshqgv rq wkh
prqh|qhvv ri wkh rswlrq1 Lq rxu prgho/ erwk surgxfwlrq dqg lqyhvwphqw rswlrqv
zloo eh ghhshu rxw0ri0wkh0prqh| iru orzhu ydoxhv ri wkh vwdwh yduldeoh/ w/ fhwhulv
sdulexv1 Khqfh/ zh suhglfw wkdw uhwxuqv zloo eh qhjdwlyho| dvvrfldwhg zlwk w1
Ixuwkhu/ wkh qxpehu ri surgxfwlrq dqg lqyhvwphqw rswlrqv rzqhg e| wkh �up
ghshqgv rq wkh qxpehu ri lqvwdoohg xqlwv ri fdsdflw|1 Wkh uhvshfwlyh hodvwlflwlhv
ri surgxfwlrq dqg lqyhvwphqw rswlrqv zloo uh hfw wkh ohyho ri w dqg wr wkh ohyho
ri lqvwdoohg fdsdflw|1 Zkhq w lv kljk uhodwlyh wr lqvwdoohg fdsdflw|/ wkh �up zloo
rshudwh dw/ ru forvh wr/ ixoo fdsdflw| dqg rswlrq hodvwlflwlhv dqg uhwxuqv zloo eh
uhodwlyho| orz/ dqg ylfh yhuvd1 Wkxv/ zh suhglfw wkdw wkhuh zloo eh d qhjdwlyh
uhodwlrq ehwzhhq h{shfwhg uhwxuqv dqg fdsdflw| xwlol}dwlrq11

Lq Wdeoh 5 zh h{dplqh wkh uhodwlrq ehwzhhq uhwxuqv dqg/ uhvshfwlyho|/ wkh vwdwh
yduldeoh w +Sdqho D, dqg sulru |hdu fdsdflw| xwlol}dwlrq +Sdqho E, iru gl�huhqw
FDSP ehwd jurxsv1 Wkh irfxv lv rq krz zhoo w dqg fdsdflw| xwlol}dwlrq h{sodlq
uhwxuqv diwhu frqwuroolqj iru FDSP ehwd/ zklfk Wdeoh 4 vkrzhg lv dq lpsruwdqw
ghwhuplqdqw ri phdq dqg phgldq uhwxuqv1 Sdqho D vkrzv wkdw phdq uhwxuqv duh
qhjdwlyho| uhodwhg wr w1 Dv suhglfwhg/ orzhu ydoxhv ri w duh dvvrfldwhg zlwk kljkhu
uhwxuqv1 Wklv lv frqvlvwhqw zlwk uhwxuqv uh hfwlqj ulvn suhpld dvvrfldwhg zlwk
lqyhvwphqw dqg surgxfwlrq rswlrqv1 Wkh lq xhqfh ri w lv prvw surqrxqfhg dqg
yluwxdoo| prqrwrqlf zkhq FDSP ehwd h{fhhgv 314/ dqg rq dyhudjh wkh uhwxuqv
rq kljk w sruwirolrv h{fhhg wkh uhwxuqv rq orz w sruwirolrv e| dssur{lpdwho| rqh
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dqg d kdoi wlphv1 Dv zrxog eh suhglfwhg iurp htxdwlrq +5, li w lv fruuhodwhg zlwk
dyhudjh rswlrq hodvwlflw|/ wkh w h�hfwv duh juhdwhvw iru kljk FDSP ehwd ydoxhv1

Sdqho E lq Wdeoh 5 vkrzv wkdw fdsdflw| xwlol}dwlrq lv dovr vwurqjo| dvvrfldwhg
zlwk phdq uhwxuqv1 Rq dyhudjh/ uhwxuqv iru wkh orzhvw fdsdflw| xwlol}dwlrq jurxs
duh vl{w|0�yh shufhqw juhdwhu wkdq iru wkh kljkhvw fdsdflw| xwlol}dwlrq jurxs1 Wkh
yduldwlrq ri uhwxuqv e| fdsdflw| xwlol}dwlrq jurxs lv doprvw prqrwrqlf iru FDSP
ehwd ydoxhv deryh 3151 Phdq uhwxuqv lq wkh kljkhvw fdsdflw| xwlol}dwlrq sruwirolrv
duh pruh wkdq wzlfh wkh ohyho iru wkh orzhvw fdsdflw| xwlol}dwlrq sruwirolrv1 Dv lq
wkh fdvh ri wkh w sruwirolrv lq Sdqho D/ wkhuh lv olwwoh ghwhfwdeoh yduldwlrq lq uhwxuqv
dfurvv fdsdflw| xwlol}dwlrq iru orz FDSP ehwd sruwirolrv/ dv zrxog eh h{shfwhg
zkhq wkhuh lv d pxowlsolfdwlyh uhodwlrqvkls ehwzhhq hodvwlflw|/ ehwd dqg uhwxuqv1

6161 Ixqgdphqwdo Idfwruv/ PH/ EH2PH dqg H2PH

Wdeoh 6 vkrzv wkh xqlyduldwh uhodwlrqv ehwzhhqPH/ EH2PH/ H2PH dqg wkh prgho
ixqgdphqwdo idfwruv= FDSP ehwd +Sdqho D,/ yrodwlolw| +Sdqho E,/ w +Sdqho F, dqg
fdsdflw| xwlol}dwlrq +Sdqho G,1 Lq doo fdvhv PH lv srvlwlyho| vnhzhg/ dv zrxog eh
dqwlflsdwhg rq wkh edvlv ri uhdo zruog gdwd1 Wkh uhvxowv lq Sdqho D vkrz wkdw PH
jhqhudoo| ghfuhdvhv zlwk ehwd1 Wklv lv frqvlvwhqw zlwk wkhruhwlfdo sulruv +Ehun/
4<<8,1 Fhwhulv sdulexv/ �upv zlwk kljkhu frvwv ri fdslwdo duh h{shfwhg wr lqyhvw ohvv
dqg wr kdyh orzhu hpehgghg jurzwk rswlrq ydoxh143 Ryhudoo/ phdq PH lqfuhdvhv
zlwk uhvshfw wr yrodwlolw|/ zkhuhdv wkh phgldq PH vkrzv qr fohdu uhodwlrqvkls zlwk
yrodwlolw|1 Wkxv/ wkhuh lv dq lqfuhdvh lq wkh vnhzqhvv ri pdunhw ydoxh dv yrodwlolw|
lqfuhdvhv1 Wklv rxwfrph lv lqwxlwlyh1 Ilupv zlwk kljkhu xqghuo|lqj yrodwlolw| kdyh
d juhdwhu fkdqfh ri ehfrplqj yhu| odujh1 Dovr frqvlvwhqw zlwk h{shfwdwlrqv/ phdq
dqg phgldq PH dovr lqfuhdvh zlwk uhvshfw wr w dqg fdsdflw| xwlol}dwlrq1 Wkxv/ PH
fhuwdlqo| dsshduv wr kdyh wkh srwhqwldo wr vhuyh dv d sur{| iru doo irxu ixqgdphqwdo
prgho idfwruv1

EH lv frqvwudlqhg wr eh srvlwlyh lq wkh prgho/ uh hfwlqj wkh idfw wkdw wkhuh lv qr
ghew ru edqnuxswf|1 Li ghpdqg idoov/ pdunhw ydoxh fdq ghfolqh wr yhu| orz ohyhov
uhodwlyh wr errn ydoxh/ zklfk uhpdlqv xqfkdqjhg ehfdxvh ri wkh luuhyhuvlelolw|
ri lqyhvwphqwv lq surgxfwlyh fdsdflw|144 Wklv jlyhv ulvh wr srvlwlyh vnhzqhvv lq

43Lw lv lqwhuhvwlqj wr qrwh wkdw wkh irfxv ri dwwhqwlrq lq h{sodlqlqj wkh revhuyhg qhjdwlyh
fruuhodwlrq ehwzhhq �up vl}h dqg ehwd hvwlpdwhv kdv riwhq ehhq rq wkh h�hfwv ri vl}h0uhodwhg
phdvxuhphqw huuruv lq uhwxuqv uhvxowlqj iurp pdunhw plfurvwuxfwxudo h�hfwv +h1j1 Glpvrq dqg
Pduvk 4<;9,1 Wkhvh uhvxowv vxjjhvw wkdw fdxvdolw| frxog uxq iurp ehwd wr �up vl}h1

44Kljk EH2PH lq wkh vlpxodwlrqv lv sduwo| dwwulexwdeoh wr wkh devhqfh ri dedqgrqphqw rswlrqv
lq wkh prgho1 Krzhyhu/ hyhq li zh lqfrusrudwhg dedqgrqphqw rswlrqv zh zrxog vwloo h{shfw wr
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EH2PH145 Wdeoh 6 vkrzv wkdw EH2PH lv vwurqjo|/ dqg doprvw prqrwrqlfdoo|/
uhodwhg wr FDSP ehwd/ wrwdo yrodwlolw|/ w dqg fdsdflw| xwlol}dwlrq1 Phgldq EH2PH
lv doprvw frqvwdqw dfurvv yrodwlolw| sruwirolrv1 Wkxv/ wkh dvvrfldwlrq ehwzhhq phdq
EH2PH dqg yrodwlolw| uh hfwv wkh lqfuhdvh lq wkh vnhzqhvv ri EH2PH dv yrodwlolw|
lqfuhdvhv1 Dv lq wkh fdvh ri pdunhw ydoxh/ wkh uhvxowv lq Wdeoh 6 lqglfdwh wkdw
EH2PH srwhqwldoo| vhuyhv dv d sur{| iru doo irxu ixqgdphqwdo prgho idfwruv1

Wdeoh 6 dovr uhyhdov wkdw H2PH lv fohduo| dvvrfldwhg zlwk FDSP ehwd1 Wklv
lv suhglfwhg e| wudglwlrqdo ydoxdwlrq shuvshfwlyhv1 Krzhyhu/ h{lvwlqj ydoxdwlrq
shuvshfwlyhv zrxog qrw suhglfw wkh qhjdwlyh uhodwlrqvkls revhuyhg ehwzhhq H2PH
dqg yrodwlolw|1 Zh eholhyh wkdw wklv lv fdxvhg e| wkh srvlwlyh uhodwlrqvkls ehwzhhq
wkh rswlrq ydoxhv hpehgghg lq pdunhw ydoxh dqg yrodwlolw|1 Wkh srvlwlyh dvvrfld0
wlrq ehwzhhq H2PH dqg fdsdflw| xwlol}dwlrq dovr uh hfwv wkh qrq0olqhdulw| lq wkh
ydoxdwlrq ixqfwlrq1 Kroglqj fdsdflw| frqvwdqw/ hduqlqjv idoo idvwhu wkdq pdunhw
ydoxh dv surgxfw ghpdqg idoov1 Krzhyhu/ wkh ryhudoo lqvhqvlwlylw| ri H2PH wr w
uh hfwv wkh idfw wkdw erwk pdunhw ydoxh dqg hduqlqjv uhvsrqg txlfno| wr fkdqjhv
lq xqghuo|lqj ghpdqg1

Ryhudoo/ wkhvh uhvxowv vwurqjo| vxjjhvw wkdw PH/ EH2PH dqg H2PH duh uh0
odwhg wr vrph ru doo ri FDSP ehwd/ yrodwlolw|/ w dqg fdsdflw| xwlol}dwlrq11 Wkh
glvwulexwlrq ri htxlw| uhwxuqv lv dovr uhodwhg wr wkh vdph ixqgdphqwdo yduldeohv1
Lq sudfwlfh wkh odfn ri revhuydelolw| ri wkh ixqgdphqwdo prgho idfwruv dsshduv wr
fuhdwh d qdwxudo uroh iru PH/ EH2PH dqg H2PH dv lqirupdwlrq sur{lhv iru wkh
ixqgdphqwdo ghwhuplqdqwv ri uhwxuqv1 Lq wkh qh{w vhfwlrq zh vkrz krz sruwirolr
vhohfwlrq vwudwhjlhv/ edvhg rq PH/ EH2PH dqg H2PH/ h�hfwlyho| vruw �upv e|
wkh ixqgdphqwdo idfwruv1

6171 Sruwirolr Vwudwhjlhv dqg Xqghuo|lqj Ixqgdphqwdov

Lq Wdeoh 7 zh looxvwudwh krz h�hfwlyho| sruwirolr vhohfwlrq vwudwhjlhv edvhg xsrq
PH/ EH2PH dqg H2PH sduwlwlrq �upv e| wkh ixqgdphqwdo hfrqrplf ghwhupl0
qdqwv ri uhwxuqv= FDSP ehwd/ wrwdo yrodwlolw|/ wkh ydoxh ri wkh vwdwh yduldeoh
dqg fdsdflw| xwlol}dwlrq1 Sruwirolrv duh iruphg edvhg xsrq wkh udqnlqj ri �upv

revhuyh kljk ydoxhv li wkh dedqgrqphqw ydoxh lv vx!flhqwo| orz1 Ilupv zlwk yhu| kljk errn0
wr0pdunhw ydoxhv kdyh yhu| orz jurzwk rswlrq ydoxh dqg uhodwlyho| orz ydoxh dwwdfkhg wr dvvhwv
lq sodfh1 Jhqhudoo| vxfk �upv zloo kdyh vljql�fdqw h{fhvv rshudwlqj fdsdflw| ehfdxvh wkh| zloo
kdyh h{huflvhg rswlrqv wr vkxw grzq fdsdflw|1

45Qrwh wkdw/ lq wkh uhdo zruog/ frqvhuydwlyh dffrxqwlqj sudfwlfhv zloo uhvxow lq wkh h�hfwlyh
wuxqfdwlrq ri EH2PH dw wkh wrs hqg ri lwv glvwulexwlrq ehfdxvh ri dvvhwv ehlqj zulwwhq r� wr
wkhlu uhfryhudeoh dprxqw1
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lqwr ghflohv dw wkh ehjlqqlqj ri hdfk |hdu e| PH/ EH2PH dqg H2PH1 Iru hdfk
ghfloh sruwirolr/ wkh phdq xqghuo|lqj dvvhw ehwd/ wrwdo yrodwlolw|/ vwdwh yduldeoh dqg
fdsdflw| xwlol}dwlrq iru wkh zkroh shulrg ri wkh vlpxodwlrq duh fdofxodwhg1

Wkh uhvxowv lq Wdeoh 7 vxjjhvwv wkdw iruplqj sruwirolrv e| hlwkhu PH/ EH2PH
ru H2PH dfklhyhv d prqrwrqlf rughulqj ri �upv e| xqghuo|lqj dvvhw ehwd1 Iru
PH/ wkh dvvrfldwlrq zlwk ehwd lv qhjdwlyh/ dqg iru EH2PH dqg H2PH/ wkh dvvrfl0
dwlrq lv srvlwlyh1 Zlwk uhvshfw wr xqghuo|lqj dvvhw yrodwlolw|/ wkh vruwlqj surgxfhv
d vpdoo/ qhjdwlyh prqrwrqlf uhodwlrqvkls ehwzhhq H2PH sruwirolr udqnlqjv dqg
yrodwlolw|1 Wkh uhodwlrqvkls ehwzhhq sruwirolrv edvhg rq PH dqg EH2PH udqnlqjv
dqg yrodwlolw| lv plogo| X0vkdshg/ uh hfwlqj wkh vnhzqhvv lqgxfhg lq erwk PH dqg
EH2PH e| fkdqjhv lq yrodwlolw| lqglfdwhg lq Wdeoh 51 Lq frqwudvw/ qr ehwd0 dqg
yrodwlolw|0uhodwhg vnhzqhvv h�hfwv duh revhuyhg iru H2PH dqg/ dv d frqvhtxhqfh/
H2PH dsshduv wr vruw �upv rq erwk glphqvlrqv1

Sruwirolrv iruphg e| PH +EH2PH, dfklhyhv d srvlwlyh +qhjdwlyh, vruwlqj e|
wkh vwdwh yduldeoh/ w1 Lq frqwudvw/ vruwlqj e| H2PH grhv qrw glvfulplqdwh wr dq|
juhdw h{whqw rq wkh edvlv ri w� Vlploduo|/ vruwlqj e| PH grhv qrw glvfulplqdwh
�upv e| fdsdflw| xwlol}dwlrq/ zkhuhdv vruwlqj e| EH2PH dqg H2PH fohduo| dovr
h�hfwlyho| udqnv �upv e| fdsdflw| xwlol}dwlrq1 Qrwdeo|/ wkh delolw| ri EH2PH wr
glvfulplqdwh e| fdsdflw| xwlol}dwlrq lv yhu| kljk1

6181 Vxppdu|

Ryhudoo/ wkh uhvxowv lq Wdeohv 4 wr 7 vxjjhvw wkdw uhwxuqv dqg lqvwuxphqwv vxfk dv
PH/ EH2PH dqg H2PH uh hfw wkh xqghuo|lqj hfrqrplf ixqgdphqwdov wkrxjkw
lpsruwdqw wr ydoxlqj �upv dv sruwirolrv ri uhdo rswlrqv1 Doo yduldeohv uh hfw vrph
ru doo ri FDSP ehwd/ yrodwlolw|/ wkh ohyho ri ghpdqg/ dv uhsuhvhqwhg e| wkh vwdwh
yduldeoh/ dqg wkh ohyho ri fdsdflw| xwlol}dwlrq1 Jlyhq wkdw h{shfwhg uhwxuqv dovr
ghshqg rq wkhvh ixqgdphqwdov/ wkhuh dsshdu wr eh d jrrg uhdvrqv iru eholhylqj
wkdw wkh uroh ri wkhvh lqvwuxphqwv lq h{sodlqlqj hpslulfdo vwrfn uhwxuqv lv edvhg rq
udwlrqdo hfrqrplf jurxqgv dqg/ lq sduwlfxodu/ wr wkhlu uroh dv lqirupdwlrq sur{lhv
iru hfrqrplf ixqgdphqwdov1

71 Uhwxuqv dqg PH/ EH2PH dqg H2PH

7141 Xqlyduldwh Uhvxowv

Zh qrz lqyhvwljdwh delolw| ri hdfk ri PH/ EH2PH dqg H2PH wr h{sodlq wkh furvv0
vhfwlrq ri uhwxuqv1 Lqlwldoo|/ zh gr wklv e| frqvlghulqj wkh surshuwlhv ri uhwxuqv
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iru sruwirolrv vruwhg e| ehjlqqlqj0shulrg PH/ EH2PH dqg H2PH uhvshfwlyho|1
Wkh uhvxowv duh vkrzq lq Wdeoh 81 Khuh/ zkhwkhu wkh phdvxuh ri fhqwudo whqghqf|
lv fdswxuhg e| wkh phdq ru wkh phgldq uhwxuq ri �upv hqwhulqj lqwr d jlyhq
udqnlqj sruwirolr/ dv PH lqfuhdvhv/ uhwxuq ghfuhdvhv1 Lq frqwudvw/ dv EH2PH dqg
H2PH lqfuhdvh vr grhv uhwxuq1 Wkhvh rxwfrphv duh frqvlvwhqw zlwk sulru hpslulfdo
vwxglhv1 Wkh| duh dovr frqvlvwhqw zlwk wkh olqnv ehwzhhq prgho ixqgdphqwdov dqg
uhwxuqv grfxphqwhg lq Wdeohv 4 dqg 5/ dqg zlwk dvvrfldwlrqv ehwzhhq prgho
ixqgdphqwdov dqg PH/ EH2PH dqg H2PH/ dv grfxphqwhg lq Wdeoh 71 Fohduo|
wkh olqnv ehwzhhq prgho ixqgdphqwdov dqg PH/ EH2PH dqg H2PH duh frpsoh{
dqg qrq0olqhdu1 Zh revhuyh lq Wdeoh 8 wkh delolw| ri hdfk hpslulfdoo| revhuydeoh
lqvwuxphqw wr fdswxuh lqirupdwlrq derxw xqghuo|lqj dvvhw FDSP ehwd dqg rswlrq
hodvwlflw| zklfk/ lq wxuq/ ghwhuplqh h{shfwhg uhwxuqv146

7151 Pxowlyduldwh Uhvxowv

Zh qrz wxuq wr uhjuhvvlrqv ri dfwxdo uhwxuqv +dv sur{lhv iru h{shfwhg uhwxuqv, rq
doo frpelqdwlrqv ri wkh qdwxudo orjdulwkp ri PH/ wkh qdwxudo orjdulwkp ri EH2PH
dqg H2PH1 Zh dovr dgg wlph gxpplhv wr wkh uhjuhvvlrqv1 Wklv hqdeohv xv wr vhh
wkh delolw| ri PH/ EH2PH dqg H2PH wr h{sodlq wkh furvv0vhfwlrq ri uhodwlyh uh0
wxuqv zlwklq |hduv/ frqwuroolqj iru v|vwhpdwlf gl�huhqfhv lq h{ srvw uhdol}hg uhwxuqv
ehwzhhq |hduv1 H�hfwlyho| wklv ghvljq khosv frqwuro iru wkh h�hfwv ri zlwklq0|hdu
v|vwhpdwlf pryhphqwv lq wkh vwdwh yduldeoh1

Wdeoh 9 surylghv wkh uhjuhvvlrq uhvxowv1 Wkh xqlyduldwh uhjuhvvlrq uhvxowv duh
frqvlvwhqw zlwk wkh xqlyduldwh sruwirolr uhvxowv lq Wdeoh 81 PH/ EH2PH dqg
H2PH kdyh/ uhvshfwlyho|/ qhjdwlyh/ srvlwlyh dqg srvlwlyh dvvrfldwlrqv zlwk h{0
shfwhg uhwxuqv1 Iru frpsohwhqhvv/ zh dovr lqfoxgh pxowlyduldwh uhjuhvvlrqv1 Wkh
pxowlyduldwh uhvxowv vxjjhvw uhdvrqdeoh frqvlvwhqf| ehwzhhq rxu vlpxodwhg zruog
dqg wkh hpslulfdo uhvxowv uhsruwhg hovhzkhuh +h1j1/ Idpd dqg Iuhqfk 4<<5,1 Rqh
srlqw ri glyhujhqfh ehwzhhq wkh vlpxodwlrq uhvxowv dqg sulru hpslulfdo uhvxowv lv
wkh srvlwlyh frh!flhqw rq PH zkhq lw dsshduv lq dq| uhjuhvvlrq zlwk EH2PH1
Zh dwwulexwh wklv wr wkh kljk ghjuhh ri fruuhodwlrq ehwzhhq PH dqg EH2PH lq
wkh vlpxodwhg gdwd + 4 : �H, frpsduhg zlwk wkh hpslulfdo gdwd +4 	 �D,147 Ixu0

46Wr jlyh d ixuwkhu lqglfdwlrq ri wkh lpsdfw ri fdsdflw| xwlol}dwlrq rq uhwxuqv/ zh uhjuhvvhg
dfwxdo uhwxuqv rq xqghuo|lqj dvvhw FDSP ehwd dqg wrwdo ulvn/ wkh vwdwh yduldeoh dqg fdsdflw|
xwlol}dwlrq/ erwk dw wkh ehjlqqlqj ri wkh shulrg1 Wklv uhjuhvvlrq vxjjhvwv wkdw fdsdflw| xwlol}dwlrq
kdv d vpdoo/ qhjdwlyh uhodwlrqvkls rq uhwxuqv/ dv dvvhuwhg deryh1 Uhvxowv duh dydlodeoh iurp wkh
dxwkruv1

47Wkh fruuhodwlrq rq wkh hpslulfdo gdwd lv fdofxodwhg iurp doo qrq0�qdqfldo Q\VH dqg DPH[
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wkhu/ PH lv qrw vwdwlvwlfdoo| vljql�fdqw dw frqyhqwlrqdo ohyhov zkhq lqfoxghg zlwk
H2PH1

Ilqdoo|/ lq Wdeoh : zh h{dplqh wkh uhvxowv ri d wzr0zd| vruw rq PH dqg rq
EH2PH1 Ilupv duh dvvljqhg wr sruwirolrv zlwklq |hduv edvhg rq ehjlqqlqj0|hdu
ydoxhv ri PH dqg EH2PH1 Vruwlqj wdnhv sodfh hdfk |hdu e| PH �uvw dqg wkhq
e| EH2PH1 Lq hdfk fhoo zh uhsruw wkh phdq dqg phgldq uhwxuq iru wkh uhohydqw
sruwirolr/ djjuhjdwhg dfurvv doo |hduv1 Wkh uhvxowv vxjjhvw wkdw phdq dqg phgldq
uhwxuqv duh qhjdwlyho| dvvrfldwhg zlwk PH dqg srvlwlyho| dvvrfldwhg zlwk EH2PH1
Wkhvh uhvxowv duh frqvlvwhqw zlwk wkh hpslulfdo uhvxowv lq Idpd dqg Iuhqfk +4<<5,1

81 Frqfoxvlrqv

Wkh hpslulfdo uhvhdufk olwhudwxuh dqg lqyhvwphqw pdqdjhphqw sudfwlfh kdv xqfry0
huhg d ydulhw| ri idfwruv wkdw dsshdu wr h{sodlq dqg suhglfw FDSP0ehwd dgmxvwhg
uhwxuqv/ lqfoxglqj wkh vl}h h�hfw/ wkh errn0wr0pdunhw htxlw| h�hfw dqg wkh hduq0
lqjv |lhog h�hfw1 Rslqlrq dsshduv vsolw rq zkhwkhu wkhvh hpslulfdo �dqrpdolhv�
dulvh ehfdxvh ri uhvhdufk ghvljq eldvhv/ pdunhw lqh!flhqf| ru dq/ dv |hw/ lqfrp0
sohwh wkhruhwlfdo h{sodqdwlrq ri ulvn suhpld wkdw wkh hvwlpdwhg FDSP ehwd idlov
wr fdswxuh1

Lq wklv sdshu zh dujxh wkdw/ zkhq lqyhvwphqw lv luuhyhuvleoh/ �upv idfh rswlrq0
olnh rssruwxqlwlhv lq wkhlu lqyhvwphqw dqg surgxfwlrq ghflvlrqv1 Zh ghyhors d
prgho lq zklfk vwrfn sulfhv dffrxqwv ixoo| iru wkh ydoxh ri wkhvh uhdo rswlrqv1
Lpsruwdqwo|/ wkh xqghuo|lqj dvvhwv ri wkh �up duh sulfhg dffruglqj wr wkh FDSP1
Edvhg rq d odujh vlpxodwlrq h{shulphqw zh vkrz/ �uvw/ wkdw wkh FDSP ehwd/
wrwdo ulvn/ ohyho ri wkh vwdwh yduldeoh dqg wkh ghjuhh ri fdsdflw| xwlol}dwlrq vlpxo0
wdqhrxvo| lq xhqfh wkh glvwulexwlrqv ri uhwxuqv/ vl}h/ errn0wr0pdunhw htxlw| dqg
wkh hduqlqjv0sulfh udwlr1 Vhfrqg/ zh vkrz wkdw sruwirolrv edvhg rq wkh pdunhw
ydoxh ri htxlw|/ errn0wr0pdunhw htxlw| dqg hduqlqjv |lhog vruw e| vrph ru doo ri
wkh xqghuo|lqj ixqgdphqwdo yduldeohv wkdw d�hfw wkh dyhudjh h{shfwhg uhwxuq rq
d sruwirolr ri rswlrqv +lqfoxglqj wkh FDSP ehwd dqg/ lq uhodwlrq wr wkh dyhudjh
rswlrq hodvwlflw| ri wkh uhdo rswlrqv/ wkh wrwdo ulvn ri wkh xqghuo|lqj dvvhw/ wkh
vwdwh yduldeoh dqg wkh ghjuhh ri fdsdflw| xwlol}dwlrq,1 Wklug/ frqvlvwhqw zlwk sulru
hpslulfdo uhvhdufk/ vlpxodwhg htxlw| uhwxuqv duh dvvrfldwhg zlwk pdunhw ydoxh ri
htxlw|/ errn0wr0pdunhw htxlw| dqg hduqlqjv |lhog1 Rxu uhvxowv duh frqvlvwhqw zlwk

vwrfnv iru zklfk hduqlqjv/ errn ydoxh dqg �vfdo |hdu0hqg pdunhw ydoxh lv dydlodeoh rq Frpsxvwdw
ryhu wkh shulrg 4<:80<71 Uhwxuqv gdwd lv rewdlqhg iurp wkh FUVS prqwko| uhwxuqv �oh1 Wkh
gdwd vhw frpsulvhv 5:/:<6 �up0|hduv1
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wkh Idpd dqg Iuhqfk idfwruv ehlqj fruuhodwhg zlwk wkh FDSP ehwdv ri xqghuo|lqj
dvvhwv dqg zlwk wkh hodvwlflwlhv ri rswlrq0olnh frpsrqhqwv ri �up ydoxh1

Wkh sdshu dovr vxjjhvwv dgglwlrqdo olqhv ri lqtxlu| iru ixwxuh uhvhdufk1 Iru
h{dpsoh/ rxu dssurdfk hvvhqwldoo| vxjjhvwv wkdw vl}h/ errn0wr0pdunhw htxlw| dqg
wkh hduqlqjv0sulfh udwlr duh xvhixo lqirupdwlrq vrxufhv derxw wkh ghwhuplqdqwv
ri h{shfwhg uhwxuqv1 Lw grhv qrw h{sodlq zk| fhuwdlq lqvwuxphqwv dsshdu wr eh
vxshulru suhglfwruv ri uhwxuqv wkdq rwkhuv lq uhdo zruog gdwd1 Iru h{dpsoh/ li
wkh dujxphqw ri wklv sdshu lv dffhswhg/ lw vhhpv uhdvrqdeoh wr dvvxph wkdw wkh
pdunhw prgho ehwd zrxog eh dqrwkhu vrxufh ri lqirupdwlrq derxw/ lq sduwlfxodu/
wkh FDSP ehwd ri wkh xqghuo|lqj dvvhw1 Zk|/ lq hpslulfdo gdwd/ lw dsshduv wr
eh grplqdwhg e| rwkhu yduldeohv lv dq rshq txhvwlrq1 Wklv lv rqh duhd iru ixwxuh
uhvhdufk48

Dgglwlrqdoo|/ ylhzlqj wkh �up dv d sruwirolr ri rswlrqv udlvhv lvvxhv frqfhuqlqj
wkh vkdsh ri wkh glvwulexwlrq ri uhwxuqv1 Rxu dqdo|vlv vxjjhvwv wkdw sruwirolrv
iruphg rq d qxpehu ri gl�huhqw edvhv h{klelw vnhzqhvv lq wkh glvwulexwlrq ri
uhwxuqv1 Wkh glvwulexwlrqdo surshuwlhv ri uhwxuqv rq sruwirolrv vhohfwhg rq wkh
edvlv idfwruv vxfk dv PH/ EH2PH dqg H2PH frxog eh lqirupdwlyh lq hvwdeolvklqj
zkhwkhu uhdo rswlrq0uhodwhg ulvn suhpld duh ehlqj fdswxuhg e| wkhvh lqvwuxphqwv
lq sudfwlfh1

48Lq wkh vlpxodwlrqv/ wkh pdunhw prgho ehwd lv txlwh fdsdeoh ri fdswxulqj lqirupdwlrq derxw
wkh FDSP ehwd ri wkh xqghuo|lqj dvvhw1 Qdwxudoo|/ zh gr qrw vx�hu iurp vrph ri wkh sureohpv
ri ehwd hvwlpdwlrq wkdw h{lvw lq uhdo zruog gdwd1 Lq sduwlfxodu/ wkhuh lv qr gl!fxow| lq phdvxulqj
wkh vlqjoh idfwru ghwhuplqlqj uhwxuqv1
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Uhihuhqfhv

Edoo/ U1/ V1S1 Nrwkdul dqg M1 Vkdqnhq/ 4<<8/ Sureohpv lq phdvxulqj sruwir0
olr shuirupdqfh= Dq dssolfdwlrq wr frqwuduldq lqyhvwphqw vwudwhjlhv/ Mrxuqdo ri
Ilqdqfldo Hfrqrplfv 6;/ :3043:1

Edq}/ U1Z1/ 4<;4/ Wkh uhodwlrqvkls ehwzhhq uhwxuq dqg pdunhw ydoxh ri frp0
prq vwrfnv/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv </ 604;1

Edvx/ V1/ 4<;6/ Wkh uhodwlrqvkls ehwzhhq hduqlqjv |lhog/ pdunhw ydoxh/ dqg uh0
wxuq iru Q\VH frpprq vwrfnv= Ixuwkhu hylghqfh/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv
45/ 45<04891

Ehun/ M1E1/ 4<<8/ D fulwltxh ri vl}h0uhodwhg dqrpdolhv/ Uhylhz ri Ilqdqfldo
Vwxglhv ;/ 5:805;91

Ehun/ M1E1/ U1F1 Juhhq dqg Y1 Qdln/ 4<<;/ Rswlpdo lqyhvwphqw/ jurzwk rswlrqv
dqg vhfxulw| uhwxuqv/ Mrxuqdo ri Ilqdqfh/ iruwkfrplqj1

Eodfn/ I1/ 4<:5/ Fdslwdo pdunhw htxloleulxp zlwk uhvwulfwhg eruurzlqj/ Mrxuqdo
ri Exvlqhvv 78/ 77707881

Euhhq/ Z1M1 dqg U1D1 Nrudmf}|n/ 4<<6/ Rq vhohfwlrq eldvhv lq errn0wr0pdunhw
edvhg whvwv ri dvvhw sulflqj prghov/ Zrunlqj sdshu qr1 49:/ Qruwkzhvwhuq Xql0
yhuvlw|1

Eurzq/ V1M1/ Z1 Jrhw}pdqq dqg V1D1 Urvv/ 4<<8/ Vxuylydo/ Mrxuqdo ri Ilqdqfh
83/ 88608;31

Fr{/ M1F1 dqgP1 Uxelqvwhlq/ 4<;8/ Rswlrqv Pdunhwv/ Hqjohzrrg Fol�v= Suhqwlfh0
Kdoo1

Glpvrq/ H1 dqg S1 Pduvk/ 4<;9/ Hyhqw vwxg| phwkrgrorjlhv dqg wkh vl}h h�hfw/
Mrxuqdo ri Ilqdqfldo Hfrqrplfv 4:/ 44604751

Gl{lw/ D1N1/ dqg U1V1 Slqg|fn/ 4<<7/ Lqyhvwphqw Xqghu Xqfhuwdlqw|/ Sulqfhwrq
Xqlyhuvlw| Suhvv1

Glfkhy/ L1/ 4<<;/ Lv wkh ulvn ri edqnuxswf| d v|vwhpdwlf ulvnB/ Mrxuqdo ri Il0
qdqfh 86/ 44640447;1

Idpd/ H1I1 dqg N1U1 Iuhqfk/ 4<<5/ Wkh furvv0vhfwlrq ri h{shfwhg uhwxuqv/
Mrxuqdo ri Ilqdqfh 7:/ 75:07981

Idpd/ H1I1 dqg N1U1 Iuhqfk/ 4<<8/ Vl}h dqg errn0wr0pdunhw idfwruv lq hduqlqjv
dqg uhwxuqv/ Mrxuqdo ri Ilqdqfh 83/ 46404881

Idpd/ H1I1 dqg N1U1 Iuhqfk/ 4<<9d/ Pxowlidfwru h{sodqdwlrqv ri dvvhw sulflqj
dqrpdolhv/ Mrxuqdo ri Ilqdqfh 84/ 880;71

Idpd/ H1I1 dqg N1U1 Iuhqfk/ 4<<9e/ Wkh FDSP lv zdqwhg/ ghdg ru dolyh/
Mrxuqdo ri Ilqdqfh 84/ 4<7:04<8;1
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Mdjdqqdwkdq/ U1 dqg ]1 Zdqj/ 4<<9/ Wkh frqglwlrqdo FDSP dqg wkh furvv0
vhfwlrq ri h{shfwhg uhwxuqv/ Mrxuqdo ri Ilqdqfh 84/ 980<41

Nrwkdul/ V1S1/ M1 Vkdqnhq dqg U1J1 Vordq/ 4<<8/ Dqrwkhu orrn dw wkh furvv0
vhfwlrq ri h{shfwhg vwrfn uhwxuqv/ Mrxuqdo ri Ilqdqfh 83/ 4;805571

Odnrqlvkrn/ M1/ D1 Vkohlihu dqg U1Z1 Ylvkq|/ 4<<7/ Frqwuduldq lqyhvwphqw/
h{wudsrodwlrq/ dqg ulvn/ Mrxuqdo ri Ilqdqfh 7</ 4874048:;1

Olqwqhu/ M1/ 4<98/ Wkh ydoxdwlrq ri ulvn dvvhwv dqg wkh vhohfwlrq ri ulvn| lqyhvw0
phqwv lq vwrfn sruwirolrv dqg fdslwdo exgjhwv/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv
7:/ 4606:1

Ploohu/ P1 dqg I1 Prgljoldql/ 4<94/ Glylghqg srolf|/ jurzwk dqg wkh ydoxdwlrq
ri vkduhv/ Mrxuqdo ri Exvlqhvv +Rfwrehu,/ 74407661

Slqg|fn/ U1V1/ 4<;;/ Luuhyhuvleoh lqyhvwphqw/ fdsdflw| fkrlfh/ dqg wkh ydoxh ri
wkh �up/ Dphulfdq Hfrqrplf Uhylhz :;/ <9<0<;81

Urvhqehuj/ E1/ N1 Uhlg dqg U1 Odqvwhlq/ 4<;8/ Shuvxdvlyh hylghqfh ri lqh!0
flhqf|/ Mrxuqdo ri Sruwirolr Pdqdjhphqw 44/ <04:1

Vkdush/ Z1I1/ 4<97/ Fdslwdo dvvhw sulfhv= D wkhru| ri pdunhw htxloleulxp
xqghu frqglwlrqv ri ulvn/ Mrxuqdo ri Ilqdqfh 4</ 75807751
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Wdeoh 4
Phdq dqg Phgldq Uhwxuqv Dqdo|}hg e| FDSP Ehwd +q, dqg Wrwdo Yrodwlolw| ri

wkh Xqghuo|lqj Dvvhw +j,

j ' ��D j ' ��S j ' ��. j ' ��H j ' ��b j ' �2f j ' �2� j ' �22 �,,

q ' f 1376 1368 1373 1363 1375 1368 1375 1369 136;
01333 01345 01339 01344 01349 01359 0133: 01357 01345

q ' �� 137; 1376 1379 1388 137; 1373 1378 1399 137<
1337 1336 01334 1335 0133; 0135; 01349 1339 01338

q ' �2 1397 13:7 13:6 13:6 13:4 138; 1395 1383 1399
1359 135: 1355 1346 1335 01338 0133< 01355 133<

q ' �� 13:9 13;3 13;: 13;: 13;: 13<3 13<3 13<3 13;9
136< 134; 1366 1365 1346 1349 1349 133: 1356

q ' �e 1437 13<: 1438 13<; 13;9 1443 13;9 13;; 13<:
1393 137: 1387 1368 1343 1373 01335 01345 1365

q ' �D 144< 1459 143; 1455 1449 145< 144: 143: 144;
13;5 13:8 1398 1388 1388 137; 136; 1358 138:

q ' �S 1457 145: 1456 145: 146; 145; 1467 146: 1463
13;8 13;3 139< 13:6 139< 1379 1397 1384 139;

q ' �. 1478 1477 148; 1474 1478 147< 1483 146: 1479
13<3 13<; 1445 13:8 13:3 1399 1393 1369 13:<

q ' �H 1493 1494 1487 1486 1499 1494 1483 1467 1488
1439 1439 13<4 13;8 13<7 13;3 1389 1375 13;7

q ' �b 149; 149: 1498 14:< 14:6 14;7 14:< 14:5 14:6
1457 144; 1438 1433 1438 1443 13;; 139; 1437

q ' ��f 14;: 14;5 14;< 14<7 14<5 14<6 14<7 14;9 14<3
1469 1458 1459 1464 1453 1447 1436 13;4 1453

q ' ��� 14<< 1538 153; 1536 14<< 14<5 153< 154; 1537
1474 1469 1473 146: 1467 1443 1454 1436 1463

q ' ��2 1548 1548 154; 154< 1543 1556 1558 1546 154:
1493 1485 1478 1483 1463 1465 1464 143; 1475

�,, 1463 145: 145< 145< 145< 1463 145< 1459 145;
13;8 13;3 13:9 139< 1395 1387 1383 1368 1398

Qrwh= Wkh �uvw olqh lq hdfk fhoo frqwdlqv wkh phdq ydoxh/ wkh vhfrqg olqh
frqwdlqv wkh phgldq ydoxh lq lwdolfv1
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Wdeoh 5= Phdq dqg Phgldq Htxlw| Uhwxuqv Dqdo|}hg e| wkh FDSP ehwd +q,/
Ohyho ri wkh Vwdwh Yduldeoh +w, dqg Fdsdflw| Xwlol}dwlrq +Fdsdflw|,

Sdqho D= w Sruwirolr
Orz 5 6 7 Kljk

Plq w 139 716; :1:< 441<6 4;14<
Pd{ w 716: :1:; 441<5 4;14; ;719:
q ' f 1355 1373 1386 136; 1369

01364 01344 01334 01347 01345
q ' �� 1374 1389 1387 137: 1383

01357 01337 31338 0133< 1336
q ' �2 13:9 13:4 13:5 139; 138:

133< 134; 1345 1345 1334
q ' �� 13<; 13;< 13<4 13:8 13;6

1359 1358 134: 1339 1356
q ' �e 1436 13;: 1433 13;; 13<:

1364 1347 1364 1363 1364
q ' �D 1466 144< 145: 1437 1449

139; 1383 1396 1367 1386
q ' �S 149; 1463 1468 1457 1455

1434 1385 13:< 1388 139:
q ' �. 14;; 1499 1495 1468 1483

1434 13;6 13;3 13:5 13;6
q ' �H 1547 14;9 1487 1486 1474

1455 13<< 13:7 13:< 13:8
q ' �b 1577 1555 14<9 149: 1494

1479 1475 1454 13;; 13<6
q ' ��f 15;7 1573 14<< 14;5 14;3

14;4 1477 1444 143; 143:
q ' ��� 15<7 15:3 1579 14<: 14<4

14<: 1495 1476 144: 1448
q ' ��2 16:3 1634 1585 155; 14:<

1588 14;3 1489 1448 1449
�,, 1486 147; 146; 144< 143<

13:5 139; 1398 137< 137<
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Wdeoh 5 +frqwlqxhg,

Sdqho E= Fdsdflw| Sruwirolr
Orz 5 6 7 Kljk

Plq Fdsdflw| +(, 3133 641<8 751;9 981<6 <91:3
Pd{ Fdsdflw| +(, 641<7 751;8 981<5 <919< 433133

q ' f 1359 1388 1378 1369 1367
01355 01339 01345 01344 01349

q ' �� 1387 1389 138: 1379 1378
1337 1335 0133: 01344 01335

q ' �2 13:: 13;4 1398 13:6 138;
133< 01338 133: 134: 1339

q ' �� 1463 13<; 13<3 13:< 13;4
1385 1347 1364 134: 1353

q ' �e 145; 13<4 13<6 13<9 13<7
1389 1357 1359 1358 1367

q ' �D 149< 1474 1466 1437 1444
1434 1385 138< 1378 138:

q ' �S 1535 1479 148: 1448 144<
1458 139< 13;; 1386 1397

q ' �. 1557 153< 14:3 1485 1457
1489 1434 13;: 13:: 13:4

q ' �H 157; 1557 14;: 1478 1465
1477 1459 13<; 13:: 13:;

q ' �b 1664 156; 1573 148: 1475
1553 1473 147; 13<4 13<6

q ' ��f 1694 164: 1587 14:; 148:
155< 1536 1487 1433 143:

q ' ��� 1769 1644 1635 14<: 1494
1647 1556 14<6 1449 1446

q ' ��2 1758 16<; 166: 1543 149;
15;; 15:7 1553 1448 145<

�,, 14<5 14:6 148: 1448 1448
1435 13;4 13:8 137< 1399
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Qrwh= w lv wkh vwdwh yduldeoh +ghpdqg, dw wkh ehjlqqlqj ri wkh |hdu/ q lv wkh
FDSP ehwd ri wkh xqghuo|lqj dvvhw/ �@R@S�|+ lv wkh dyhudjh ohyho ri fdsdflw|
xwlol}dwlrq ryhu wkh suhylrxv |hdu1 Sruwirolr dvvljqphqwv iru w duh edvhg rq wkh
txlqwlohv ri wkh glvwulexwlrq ri w1 Gxh wr wkh kljko| vnhzhg qdwxuh ri wkh glv0
wulexwlrq ri fdsdflw| xwlol}dwlrq/ revhuydwlrqv duh dvvljqhg wr sruwirolrv edvhg rq
Fdsdflw| xwlol}dwlrq xvlqj fxw0r� ohyhov ri fdsdflw| gh�qhg e| dv wkh �iwk/ whqwk/
wzhqw|0�iwk dqg �iwlhwk shufhqwlohv ri wkh fdsdflw| xwlol}dwlrq glvwulexwlrq1 Wkh
�uvw olqh lq hdfk fhoo frqwdlqv wkh phdq uhwxuq dqg wkh vhfrqg olqh +lq lwdolfv,
frqwdlqv wkh phgldq uhwxuq1
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Wdeoh 6= Phdq dqg Phgldq Htxlw| +PH,/ Errn0wr0Pdunhw Htxlw| +EH2PH, dqg
Hduqlqjv0Sulfh Udwlr +H2PH, Dqdo|}hg e| FDSP Ehwd +q,/ Wrwdo Yrodwlolw| ri
wkh Xqghuo|lqj Dvvhw +j,/ Ohyho ri wkh Vwdwh Yduldeoh +w, dw wkh Ehjlqqlqj ri wkh

\hdu dqg Fdsdflw| Xwlol}dwlrq +Fdsdflw|, lq wkh Sulru \hdu

Sdqho D= �. �.*�. .*�.

q ' f 486517 14;8 1349
8;:1< 13:4 1348

q ' �� 433814 169; 1359
6441: 1455 1358

q ' �2 :5515 17;< 136;
58<1; 1496 136;

q ' �� 96<1; 1979 1386
4:;19 1559 1385

q ' �e 76616 4134: 139:
44:1: 1636 1399

q ' �D 6891< 413<7 13;5
<;14 1697 13;4

q ' �S 5;715 41485 13<;
;918 1758 13<9

q ' �. 55314 41;56 1446
:615 17:6 1444

q ' �H 4;419 418:7 145<
9717 1884 1459

q ' �b 49518 4176; 1476
8<16 1933 1473

q ' ��f 46918 4175< 148:
8519 1966 1488

q ' ��� 46:15 418;5 14:6
7;1< 19;7 14:3

q ' ��2 43:14 41837 14;:
7915 1:6; 14;7

�,, 7881; 41433 13<;
4331; 169< 13<6

5:



Wdeoh 6 +frqwlqxhg,

Sdqho E= Yrodwlolw| �. �.*�. .*�.

j ' ��D 66517 198; 1439
43518 168: 1436

j ' ��S 6<619 1:59 1437
<<16 16:3 1434

j ' ��. 6<319 1;69 1435
<:14 169< 13<:

j ' ��H 75915 1<6; 13<<
<619 16:8 13<8

j ' ��b 7:913 413;: 13<:
43417 16:6 13<4

j ' �2f 77813 41533 13<8
43815 169< 13;;

j ' �2� 89415 41768 13<6
43;16 169< 13;8

j ' �22 95419 41<48 13<3
<<1; 16:8 13;5

�,, 7881; 41433 13<;
4331; 169< 13<6

5;



Wdeoh 6 +frqwlqxhg,

Sdqho F= Vwdwh Yduldeoh w �. �.*�. .*�.

Orz 4914 71:98 13<5
;13 51754 13;5

5 971; 4155< 1433
6818 31<;7 13<5

6 49317 1956 13<<
<415 1854 13;;

7 69315 1673 13<:
5471: 15<6 13;;

Kljk 4/73915 148< 13;;
:;718 1458 13:8

�,, 73419 41755 13<8
43813 1794 13;8

Sdqho G= Fdsdflw|
Orz 7718 :14;8 13;8

4819 61734 13:9
5 <<18 51648 13<5

6:1: 417:: 13;7
6 54417 415;9 13<9

:317 1:8; 13;:
7 7;813 31953 13<9

48;1: 165: 13;:
Kljk 77615 1769 1435

45:19 1583 1433
�** 73419 41755 13<8

43813 1794 13;9

Qrwh= w lv wkh vwdwh yduldeoh +ghpdqg, dw wkh ehjlqqlqj ri wkh |hdu/ q lv wkh
FDSP ehwd ri wkh xqghuo|lqj dvvhw/ �@R@S�|+ lv wkh dyhudjh ohyho ri fdsdflw|
xwlol}dwlrq ryhu wkh suhylrxv |hdu1 Sruwirolr dvvljqphqwv iru w duh edvhg rq wkh
txlqwlohv ri wkh glvwulexwlrq ri w1 Gxh wr wkh kljko| vnhzhg qdwxuh ri wkh glv0
wulexwlrq ri fdsdflw| xwlol}dwlrq/ revhuydwlrqv duh dvvljqhg wr sruwirolrv edvhg rq
Fdsdflw| xwlol}dwlrq xvlqj fxw0r� ohyhov ri fdsdflw| gh�qhg e| dv wkh �iwk/ whqwk/

5<



wzhqw|0�iwk dqg �iwlhwk shufhqwlohv ri wkh fdsdflw| xwlol}dwlrq glvwulexwlrq1 Wkh
�uvw olqh lq hdfk fhoo frqwdlqv wkh phdq uhwxuq dqg wkh vhfrqg olqh +lq lwdolfv,
frqwdlqv wkh phgldq uhwxuq1
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Wdeoh 7= Phdq Ydoxhv ri Ixqgdphqwdo Fkdudfwhulvwlfv dqg Uhwxuq iru Sruwirolrv
Udqnhg E| Pdunhw Ydoxh ri Htxlw| +PH,/ Errn0wr0Pdunhw +EH2PH, dqg

Hduqlqjv0Sulfh +H2PH,1

Sdqho D= PH

q j w �@R@S�|+
Ghfloh
Orz 31::4 314;: 51645 31;64
5 31:57 314;8 7158; 31:;7
6 31:35 314;8 913<9 31::3
7 31:36 314;7 ;1388 31::5
8 319;4 314;6 431388 31:;7
9 31985 314;7 451587 31;35
: 31938 314;7 471:85 31;54
; 31858 314;7 4:18<< 31;77
< 316<9 314;9 541686 31;99
Kljk 31567 314;< 671<34 31<43

Sdqho E= EH2PH

q j w �@R@S�|+
Ghfloh
Orz 31473 314;< 5<1<85 31<65
5 31634 314;9 4<1;:; 31;<3
6 31778 314;7 4:14:< 31;:7
7 3189; 314;6 4814:3 31;94
8 31986 314;6 46147< 31;75
9 31:49 314;5 441493 31;54
: 31:96 314;5 <1593 31;33
; 31:;9 314;6 :15:: 31::;
< 31;3< 314;8 816;8 31:73
Kljk 31;44 314<5 61555 31976
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Sdqho F= H2PH

q j w �@R@S�|+
Ghfloh
Orz 31368 314<4 441366 31:95
5 31486 314;9 481478 31;34
6 315;< 314;9 471<6< 31;44
7 31754 314;8 4714;3 31;47
8 31884 314;8 4617<: 31;56
9 319;7 314;8 451<:4 31;5:
: 31;3< 314;8 45197: 31;65
; 31<56 314;7 4516:8 31;6;
< 41354 314;5 451793 31;74
Kljk 4143; 314;4 4516;4 31;66

Qrwh= PH lv wkh pdunhw ydoxh ri htxlw| dw wlph w/ EH lv wkh errn ydoxh ri
htxlw| dw w/ H lv hduqlqjv dw w/ w lv wkh vwdwh yduldeoh +ghpdqg, dw wkh ehjlqqlqj ri
wkh |hdu/ q lv wkh FDSP ehwd ri wkh xqghuo|lqj dvvhw/ j lv wkh uhvlgxdo yrodwlolw| ri
xqghuo|lqj dvvhw fdvk  rzv dqg �@R@S�|+ lv wkh dyhudjh ohyho ri fdsdflw| xwlol}dwlrq
ryhu wkh suhylrxv |hdu1
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Wdeoh 8= Phdq dqg Phgldq Dqqxdo Uhwxuqv iru Sruwirolrv Edvhg Xsrq Udqnlqjv
dw wkh Ehjlqqlqj ri wkh \hdu e| Pdunhw Ydoxh +PH,/ Errn0wr0Pdunhw Htxlw|

+EH2PH, dqg Hduqlqjv0Sulfh Udwlr +H2PH,

Sruwirolr �. �.*�. .*�.

� 1477 1388 1375
13;3 1334 01346

2 147; 13;: 138;
13;8 1359 01334

� 1478 1437 13;9
13;3 1376 1357

e 147: 1456 13<;
13;5 1395 1368

D 1473 146; 1459
13:9 13:5 138<

S 1474 147; 1473
13:8 13;9 13:8

. 1464 147< 148<
139: 13;; 13<3

H 1449 148; 14:8
1388 13<6 1443

b 1433 148; 14<4
1373 13<3 1456

�f 139< 1494 153:
1344 13;< 146;

Qrwh= Wkh �uvw olqh lq hdfk fhoo frqwdlqv wkh phdq ydoxh/ wkh vhfrqg olqh
frqwdlqv wkh phgldq ydoxh lq lwdolfv1
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Wdeoh 9= ROV Uhjuhvvlrq Uhodwlrqvklsv ehwzhhq Dqqxdo Uhwxuqv dqg Pdunhw
Ydoxh +PH,/ Errn0wr0Pdunhw Htxlw| +EH2PH, dqg Hduqlqjv0Sulfh Udwlr

+H2PH,

uJ}�. uJ}�.*�. .*�. 7-2

03133< 1447
+561;;,

31359 144<
+75133,

31;53 1464
+9;1:6,

31355 3138: 1455
+591<3, +761:<,

31338 31::3 1464
+9186, +8718<,

031334 31;48 1464
+4155, +9716;,
133; 134; 31:57 1464
+<16<, +44169, +7;169,

Qrwh= Uhjuhvvlrqv duh ri wkh irup=

-.A�| '
[

B| n ��. n D�|

zkhuh -.A�| lv wkh uhwxuq rq vwrfn � lq shulrg |/ B| duh wlph shulrg vshfl�f lqwhu0
fhsw gxpp| yduldeohv dqg . uhsuhvhqwv d vhw ri h{sodqdwru| yduldeohv lqfoxglqj
*L}�.�c|3�/ zkhuh �.�c|3� lv wkh pdunhw ydoxh ri htxlw| dw wlph |� � iru �up �/
*L}E�.�c|3�*�.�c|3��/ zkhuh �.�c|3� lv wkh errn ydoxh ri htxlw| dw |� � iru �up
�/ dqg .�c|3�*�.�c|3�/ zkhuh .�c|3� duh hduqlqjv iru shulrg |� � iru �up �1 Wkh
�jxuhv lq sduhqwkhvhv duh w0vwdwlvwlfv1 -

2
lv wkh dgmxvwhg frh!flhqw ri ghwhuplqd0

wlrq1 Lq wkh lqwhuhvwv ri sduvlprq|/ wkh frh!flhqwv rq wkh wlph0vshfl�f lqwhufhsw
gxpplhv duh qrw uhsruwhg1 Wkh gdwd lv wulpphg e| uhprylqj wkh h{wuhph erw0
wrp dqg wrs 4( ri revhuydwlrqv1 Wkh pdlq lqihuhqfhv gudzq duh lqvhqvlwlyh wr
wkh lqfoxvlrq ru h{foxvlrq ri rxwolhuv/ dowkrxjk wkh srlqw frh!flhqw hvwlpdwhv duh
d�hfwhg1
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Wdeoh := Phdq dqg Phgldq Htxlw| Uhwxuqv iru Vlpxodwhg Pdunhw Gdwd Dqdo|}hg
e| Pdunhw Ydoxh ri Htxlw| +PH, dqg Errn0wr0Pdunhw Htxlw| +EH2PH,

PH
Odujh 5 6 7 Vpdoo Doo

Orz 1375 13:8 13;: 13<: 1446 13:3
01337 1349 1359 136; 138: 1346

5 138< 1437 1468 146: 1473 1447
1335 1376 13:3 13:; 13;6 1387

6 13:< 1464 1486 148: 1493 1476
EH2PH 1349 13:4 13<5 13<6 13<8 13:<

7 1439 147; 1499 14:5 1489 1486
1377 13;8 13<: 1438 13<4 13<3

Kljk 1467 1495 1496 1498 1494 148<
139< 13<6 13<: 13<3 13;7 13;<

Doo 13;7 1457 1474 1479 1479 145;
1358 1394 13:9 13;4 13;6 1398

Qrwh= Wkh �uvw olqh lq hdfk fhoo frqwdlqv wkh phdq sruwirolr uhwxuq/ wkh vhfrqg
olqh frqwdlqv wkh phgldq sruwirolr uhwxuq +lq lwdolfv,1 PH lv wkh pdunhw ydoxh ri
htxlw| dqg EH lv wkh errn ydoxh ri htxlw| dw wkh ehjlqqlqj ri wkh |hdu iru zklfk
wkh uhwxuq lv fdofxodwhg1
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Economic Fundamentals:
CAPM beta, market return, volatility, 
state variable, capacity, cost  function

Firm Decisions:
Investment, Production

RETURNS

BE/ME

E/ME

E MEBE

Figure 1: The Model of the Firm

Iljxuh 814=
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