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Hqylurqphqwdo uhjxodwruv duh riwhq lpshuihfwo| lqiruphg derxw d uhjxodwhg

�up*v wuxh dedwhphqw frvw1 Lq d g|qdplf hqylurqphqw/ lqirupdwlrq dv|pph0

wu| ehwzhhq wkh uhjxodwru dqg wkh �up lpsolhv wkdw �upv kdyh dq rssruwxqlw|

wr h{sorlw wkhlu dgydqwdjh wr xqghuplqh wkh jrdov ri d uhjxodwru wkdw vhhnv wr

pd{lpl}h vrfldo zhoiduh1 Lq d vwdwlf hqylurqphqw/ wkh srolf| lqvwuxphqw wkdw

|lhogv plqlpdo zhoiduh orvv lv ghshqgdqw rq wkh uhodwlyh vorshv ri wkh pdujlqdo

ehqh�w dqg pdujlqdo frvw fxuyhv1 Zhlw}pdq +4<:7, vkrzhg wkdw d txdqwlw| lq0

vwuxphqw +uhvshfwlyho| d sulfh lqvwuxphqw, lv suhihuuhg li wkh pdujlqdo ehqh�w

fxuyh lv vwhhshu wkdq +uhvshfwlyho| ohvv vwhhs wkdq, pdujlqdo frvwv1 Lq doo ri wkh

vxevhtxhqw zrun wkdw frpsduhv sulfh dqg txdqwlw| lqvwuxphqwv lq d g|qdplf

vhwwlqj/ lw lv dvvxphg wkdw �upv duh qrq0vwudwhjlf sulfh wdnhuv14 Lw lv wkh uhjx0

odwru zkr dgrswv vrsklvwlfdwhg g|qdplf srolf| uxohv lq rughu wr lqgxfh d soldqw/

qrq0vwudwhjlf srooxwlqj vhfwru wr dfklhyh vrfldoo| ghvludeoh rxwfrphv1 Wkrxjk lw

kdv surgxfhg pdq| lpsruwdqw lqvljkwv/ lw zrxog dsshdu wkdw wklv dssurdfk uxqv
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frxqwhu wr Zhlw}pdq*v dvvxpswlrq derxw zkr krogv wkh dgydqwdjh lq wkh lqwhu0

dfwlrq ehwzhhq uhjxodwru dqg srooxwhuv1 Li srooxwlqj �upv kdyh wkh lqirupdwlrqdo

dgydqwdjh/ lw zrxog vhhp qdwxudo wr vwxg| d g|qdplf srolf| vhwwlqj lq zklfk

wkh| duh dovr pruh vrsklvwlfdwhg wkdq wkh uhjxodwru1 Prohglqd/ Frjjlqv/ dqg

Srodvn| +5333, vwuhqjwkhq wklv lqvljkw e| vkrzlqj wkdw lq d g|qdplf hqylurq0

phqw/ xqghu prvw frqglwlrqv/ wkh �upv* vwudwhjlf lqfhqwlyh wr plvuhsuhvhqw frvwv

doorzv shuplwv wr rxwshuirup wd{hv iurp dq h�flhqf| vwdqgsrlqw1 Wklv sdshu

h{whqgv Prohglqd hw do1 +5333, hpslulfdoo| e| frpsdulqj srolf| lqvwuxphqwv wr

plwljdwh skrvskruxv hplvvlrqv lq wkh Plqqhvrwd Ulyhu Edvlq1

Zh irfxv rq d odujh vxe0edvlq ri wkh Plqqhvrwd Ulyhu zklfk frqwdlqv wzr

sulqflsdo hplwwhuv ri skrvskruxv= srlqw vrxufhv zlwk uhodwlyho| kljk dedwhphqw

frvwv dqg vpdoo iduphuv zlwk uhodwlyho| orz dedwhphqw frvwv1 Wkh uhjxodwru kdv

dq dffxudwh hvwlpdwh ri wkh ehqh�wv ri skrvskruxv dedwhphqw lq wklv uhjlrq1

Krzhyhu/ vkh lv xqvxuh ri wkh h{dfw qdwxuh ri wkh �upv* dedwhphqw frvwv1

Wkh uhjxodwru*v xqfhuwdlqw| uhjduglqj wkh dfwxdo dedwhphqw frvw ixqfwlrq iru

wkh djjuhjdwh srlqw dqg qrqsrlqw vrxufh lv hvvhqwldo iru rxu prgho ri vwudwhjlf

ehkdylru1 Wkhuh duh vhyhudo vrxufhv ri uhjxodwru xqfhuwdlqw| lq rxu hvwlpdwhv ri

djjuhjdwh frvwv1 Wkh elrsk|vlfdo vlpxodwlrqv dqg frvw hvwlpdwhv iru uhsuhvhq0

wdwlyh idup xqlwv pd| lqfoxgh phdvxuhphqw huuruv dqg eldvhv/ wkh frqvhuydwlyh

hvwlpdwh rq ihhgorw frqwulexwlrqv pd| ru pd| qrw eh fruuhfw/ dqg wkh _oxps|%

lqyhvwphqwv qhfhvvdu| wr dfklhyh zdvwhzdwhu xwlolw| dedwhphqw pdnh hvwlpdwlqj

dq djjuhjdwh dedwhphqw frvw ixqfwlrq gl�fxow iru srlqw vrxufhv1
5
Zh dvvxph

wkdw wkhvh vrxufhv ri xqfhuwdlqw| vhuyh wr vkliw wkh olqhdu whup lq wkh sro|qrpldo

dedwhphqw frvw ixqfwlrq lq dq dgglwlyh pdqqhu e| 8(1 Wklv lq idfw vkliwv wkh

lqwhufhsw iru wkh pdujlqdo frvw ixqfwlrqv xs e| 8(1 Zkloh wklv vlpsoli|lqj dv0

vxpswlrq derxw wkh h{whqw ri uhjxodwru xqfhuwdlqw| lv ghedwdeoh/ zkhq fkrrvlqj

olplwv iru wklv dvvxpswlrq/ fduh zdv wdnhq wr fkrrvh orzhu erxqgv1

Wkh wzr srolf| lqvwuxphqwv dydlodeoh wr wkh uhjxodwru duh hplvvlrqv wd{hv dqg

wudghdeoh hplvvlrqv shuplwv1 Wkh vwudwhjlf jdph surfhhgv dv iroorzv1 Iru erwk

srolflhv wkh uhjxodwru fkrrvhv wd{hv ru shuplw ohyhov lq wkh �uvw shulrg wr uh�hfw

lpshuihfw/ h{0dqwh eholhiv derxw wkh �upv* dedwhphqw frvw ixqfwlrqv1 Iroorzlqj

wkh �uvw shulrg/ wkh uhjxodwru revhuyhv ohyhov ri dedwhphqw h�ruw xqghuwdnhq

e| erwk �upv dqg wkhq xsgdwhv khu eholhiv derxw wkh frvw ixqfwlrq/ fkrrvlqj

wkh vhfrqg shulrg*v wd{ ru shuplw ohyho dw wkdw wlph1 Wkh uhjxodwru*v xsgdwlqj

uxoh iroorzv Prohglqd hw do1 +5333, zkr dvvxph wkdw wkh uhjxodwru iroorzv d

phfkdqlfdo exw qdwxudo uxoh iru xsgdwlqj wkh srolf| iurp rqh shulrg wr wkh

qh{w1 Vshfl�fdoo|/ wkh uhjxodwru eholhyhv wkdw wkh �upv duh qrq0vwudwhjlf dqg

zloo ehkdyh vr wkdw pdujlqdo frvw htxdov wkh wd{ +lq wkh fdvh ri hplvvlrqv wd{hv,

ru wkh shuplw sulfh +lq wkh fdvh ri hplvvlrqv shuplwv,1 Kdylqj revhuyhg wkhlu

ehkdylru lq shulrg w/ wkh uhjxodwru ghulyhv d qhz hvwlpdwh ri pdujlqdo frvwv dqg

vhwv wkh srolf| lq shulrg w.4 vr wkdw pdujlqdo ehqh�wv htxdo wkh qhz h{shfwhg

pdujlqdo frvw ixqfwlrq1 D nh| dvvxpswlrq lv wkdw wkh �upv nqrz wklv uxoh/ dqg

wkdw wkhlu ehkdylru lq hdfk shulrg rswlpdoo| dqwlflsdwhv wkh h�hfw ri wkhlu dfwlrq

2#Lt� @?_ �Lhi||L E�bb�� _�tU�tt |�i �tit Lu 4@|�i4@|�U@* 4L_i*t |L t�4�*@|i ?�|h�i?|

�L�t uLh hi}�*@|Lh) T�hTLtit�

5



rq wkh srolf| lq wkh iroorzlqj shulrg1 Wkh uhjxodwru/ wkhq/ lv dw d glvdgydqwdjh lq

wzr uhvshfwv1 Iluvw/ vkh lv xqfhuwdlq derxw wkh �up*v dedwhphqw frvw ixqfwlrqv1

Vhfrqg/ zkloh wkh �up nqrzv wkh uhjxodwru*v g|qdplf uxoh/ lw lv dvvxphg wkdw

vkh grhv qrw dqwlflsdwh wkh �upv* pdqlsxodwlrq ri wkh uxoh1
6

Nqrzlqj wkdw wkh uhjxodwru zloo xsgdwh wkh srolf| fkrlfh lq wkh vhfrqg sh0

ulrg edvhg rq �uvw shulrg revhuydwlrqv/ �upv fkrrvh wkhlu dedwhphqw h�ruwv lq

erwk shulrgv vr dv wr plqlpl}h wkh wrwdo frvw ri dedwhphqw1 Prohglqd hw do1

+5333, ghulyh wzr pdlq vhwv ri uhvxowv1 Wkh �uvw frqfhuqv ixwxuh wd{hv dqg hplv0

vlrq ohyhov lq wkh wd{ fdvh dqg wkh shuplw sulfh lq wkh hplvvlrq shuplw fdvh1 Rq

rqh kdqg/ �upv idflqj dq hplvvlrqv wd{ kdyh d vwudwhjlf lqfhqwlyh wr ryhudedwh/

suhwhqglqj wkdw wkhlu frvwv duh orz1 Wkh uhjxodwru/ wkhq/ eholhylqj wkdw wkh

�upv kdyh orz dedwhphqw frvwv/ vhwv d uhodwlyho| orz wd{1 Exw ryhudedwhphqw

lv h{shqvlyh/ dqg wkh g|qdplf sureohp idflqj wkh �upv uhtxluhv edodqflqj wkh

ghvluh wr dsshdu wr kdyh orz frvwv djdlqvw wkh ghvluh wr plqlpl}h dfwxdo dedwh0

phqw frvwv1 Rq wkh rwkhu kdqg/ �upv idflqj d shuplw pdunhw kdyh d vwudwhjlf

lqfhqwlyh wr uhyhdo d kljk shuplw sulfh1 Wkh uhjxodwru/ eholhylqj wkdw wkh �upv

kdyh kljk dedwhphqw frvwv/ lvvxhv pruh shuplwv lq wkh qh{w shulrg1

Khqfh/ lq wkh wzr0shulrg prgho zlwk hplvvlrqv wd{hv �upv ryhudedwh lq wkh

�uvw shulrg dqg xqghudedwh lq wkh vhfrqg uhodwlyh wr qrq0vwudwhjlf �upv1 Wkh

uhvxowv iru wkh shuplw fdvh duh erwk pruh frpsolfdwhg dqg ohvv jhqhudo1 Wkh

frpsoh{lw| dulvhv ehfdxvh �upv kdyh gl�huhqw lqfhqwlyhv rq krz wr pdqlsxodwh

shuplw sulfhv ghshqglqj rq zkhwkhu wkh| duh d ex|hu ru d vhoohu1 Lq rxu prgho

zlwk wzr �upv/ zh kdyh d elodwhudo prqrsro| sureohp1 Wklv sureohp grhv qrw

kdyh d xqltxh vroxwlrq1 Lw vhhpv uhdvrqdeoh wr h{shfw wkdw wkh srlqw vrxufhv

duh sulfh vhwwhuv ehfdxvh ri wkhlu vpdoo qxpehuv= Wkh Plqqhvrwd Ulyhu Edvlq

kdv 5 pxqlflsdo zdvwhzdwhu wuhdwphqw idflolwlhv dqg <5 ihhgorwv frpsduhg wr

763 idupv1 Lw dovr vhhpv uhdvrqdeoh wr dvvxph wkdw wkh srlqw vrxufhv duh qhw0

ex|huv ri shuplwv ehfdxvh ri wkhlu kljk srooxwlrq dedwhphqw frvwv uhodwlyh wr

wkh qrq0srlqw vrxufhv1 Wkhuhiruh/ zh vroyh wkh fdvh zkhq wkh srlqw vrxufh lv d

prqrsvrq| shuplw ex|hu1 Lq prvw fdvhv/ d sulfh0vhwwlqj �up kdv dq lqfhqwlyh

wr vhw d kljk sulfh ehfdxvh wkdw ohdgv wr pruh shuplwv lq wkh qh{w shulrg1

Krzhyhu/ wkh ex|hu ri shuplwv zdqwv wkh sulfh wr eh orz wr uhgxfh wkh frvw ri

shuplw sxufkdvhv1 Wklv h�hfw fdq gdpshq wkh lpsxovh wr uhyhdo d kljk �uvw0

shulrg shuplw sulfh1 Ghshqglqj rq wkh vwuhqjwk ri wkhvh wzr h�hfwv/ wkh shuplw

sulfh fdq eh vhw hlwkhu deryh ru ehorz pdujlqdo dedwhphqw frvw1

Wklv sdshu frpsduhv zhoiduh orvvhv gxh wr vwudwhjlf ehkdylru xqghu wkh wzr

srolflhv1 Lq wkh qh{w vhfwlrq zh surylgh d eulhi edfnjurxqg ri wkh Plqqhvrwd

Ulyhu Edvlq dqg prwlydwh wkh sureohp1 Vhfwlrq wzr ghvfulehv wkh phwkrg xvhg

wr hfrqrphwulfdoo| hvwlpdwh wkh dedwhphqw frvw dqg ehqh�w ixqfwlrqv iru wkh

djhqwv iroorzlqj Mrkdqvvrq +5333,1 Vrfldo ehqh�wv dv d ixqfwlrq ri skrvskruxv

dedwhphqw duh ghyhorshg iurp uhjlrqdo zloolqjqhvv0wr0sd| hvwlpdwhv +Mrkdqvvrq/

5333> Pdwkhzv hw do/ 5333,1 Vhfwlrq wkuhh rxwolqhv wkh prgho dqg suhvhqwv wkh
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uhvxowv1 Khuh wkh ixqfwlrqv hvwlpdwhg iurp vhfwlrq wzr duh vxevwlwxwhg lqwr d

g|qdplf surjudpplqj vlpxodwlrq ri wkh vwudwhjlf jdph rxwolqhg lq ghwdlo lq

Prohglqd hw do1 +5333, wr frpsduh srolf| rxwfrphv1 Vhfwlrq irxu frqfoxghv1 Lq

oljkw ri wkh HSD*v sursrvhg qhz Wrwdo Pd{lpxp Gdlo| Ordglqj +WPGO, uxohv/

wkh uhvxowv iurp wklv dqdo|vlv zloo eh xvhixo wr srolf|pdnhuv dv wkh| frqwhpsodwh

lqfoxvlyh skrvskrurxv pdqdjhphqw vwudwhjlhv1

� �@U!}hL�?_ @?_ 4L|��@|�L?

Xqghu fxuuhqw WPGO sursrvdov/ vwdwhv duh qrz uhtxluhg wr ghyhors frpsuhkhq0

vlyh pdqdjhphqw vwudwhjlhv iru lpsdluhg zdwhu uhvrxufhv1 Wkhvh sursrvdov duh

uhtxluhg wr ghwdlo krz qxwulhqw hplvvlrqv zloo eh uhgxfhg wr frpso| zlwk ihghudo

zdwhu txdolw| vwdqgdugv +Er|g/ 5333,1 Wr d odujh h{whqw/ wkh uhjxodwlrq ri sro0

oxwlrq lq wkh Xqlwhg Vwdwhv kdv prvwo| ehhq ri wkh frppdqg0dqg0frqwuro +FDF,

irup= h{solflw olplwv rq wkh txdqwlw| ri srooxwdqw doorzhg ru wkh surfhvvhv dqg

whfkqrorj| lqyroyhg lq surgxfwlrq1 Wklv uhjxodwru| phfkdqlvp kdv w|slfdoo| ir0

fxvhg rq srlqw vrxufhv ri srooxwlrq/ wkrvh wkdw glvfkdujh srooxwlrq dw d vshfl�f

orfdwlrq +h1j1/ slsh ru vprnhvwdfn,1 Krzhyhu/ frppdqg0dqg0frqwuro uhjxodwlrq

kdv idlohg wr dghtxdwho| dgguhvv wkh lqfuhdvlqj ohyhov ri hqylurqphqwdo gdpdjhv

uhvxowlqj iurp djulfxowxudo/ qrqsrlqw srooxwlrq1 Vlqfh 4<93 djulfxowxudo lqwhqvlw|

kdv lqfuhdvhg vxevwdqwldoo| lq wkh Xqlwhg Vwdwhv +zhwodqg duhdv kdyh ghfuhdvhg

e| 83.( dqg wkh xvh ri lqgxvwuldo ihuwlol}huv dqg shvwlflghv kdyh lqfuhdvhg e|

dssur{lpdwho| 533(, uhvxowlqj lq d 59( lqfuhdvh lq rxwsxw shu xqlw lqsxw +FHT/

4<<9,1 Lw vkrxog frph dv qr vxusulvh wkhq wkdw djulfxowxudo surgxfwlrq fxuuhqwo|

frqwulexwhv wr :5( ri lpsdluhg ulyhu duhdv/ 8:( ri lpsdluhg odnh duhdv/ dqg 76(

ri wkh lpsdluhg hvwxdulqh duhdv dvvhvvhg +XVHSD/ 4<<3 dqg 4<<7,1

Ixuwkhupruh/ wkh srwhqwldo wr uhdfk fxuuhqw zdwhu txdolw| jrdov e| uhjxodw0

lqj srlqw vrxufhv dorqh lv lqihdvleoh ru kdv ehfrph surklelwlyho| h{shqvlyh1 Wkh

txhvwlrq uhpdlqv ri krz wr uhjxodwh doo vrxufhv ri srooxwlrq h�flhqwo|1 Klwk0

huwr/ vwxglhv rq hqylurqphqwdo uhjxodwlrq dqg wkhlu frvwv kdyh irfxvhg rq srlqw

vrxufhv +h1j1/ hohfwulfdo xwlolwlhv 0 Vzlqwrq +4<<;,/ Frjjlqv dqg Vzlqwrq +4<<9,

dqg sdshu ploov 0 R*Qhlo hw do1 +4<;6,, ru qrqsrlqw vrxufhv +h1j1/ qxwulhqw hplv0

vlrqv 0 Zhvwud +4<<<,/ Prujdq +4<<<,/ Iohplqj +4<<8,,1 Wkh olwhudwxuh dgguhvv0

lqj vlpxowdqhrxv uhjxodwlrq ri erwk srlqw vrxufhv dqg qrqsrlqw vrxufhv lv txlwh

wklq1 Qrwdeoh h{fhswlrqv lqfoxgh wkh olwhudwxuh rq srlqw2qrqsrlqw wudglqj +Mr0

kdqvvrq/ 5333> Pdoln hw do1/ 4<<6> Ohwvrq hw do1/ 4<<6> Ohwvrq/ 4<<5> Vkruwoh/

4<<3, dqg h{dplqdwlrqv ri wkh Gloorq Uhvhuyrlu dqg Wdu0Sdpolfr wudglqj sur0

judpv +PSFD/ 4<<9> Dsrjhh Uhvhdufk/ 4<<5> Kduglqj/ 4<<3> Hopruh hw do1/

4<;8,1 Wklv sdshu vhhnv wr dgg wr wkh wkhru| dqg dssolfdwlrq ri uhjxodwlqj

srlqw dqg qrqsrlqw vrxufhv vlpxowdqhrxvo|1

Srolflhv lqfrusrudwlqj suhylrxvo| uhjxodwhg srlqw vrxufhv dqg xquhjxodwhg

qrqsrlqw vrxufhv ri qxwulhqw hplvvlrqv zloo eh sduwlfxoduo| lpsruwdqw lq djulfxo0

wxudo ulyhu edvlqv vxfk dv wkh Plqqhvrwd Ulyhu/ fodvvl�hg dv rqh ri Dphulfd*v

prvw hqgdqjhuhg ulyhuv +Dphulfdq Ulyhuv/ 5333,1 Uhfhqwo|/ wkh Plqqhvrwd Sro0

oxwlrq Frqwuro Djhqf| +PSFD, dgrswhg wkh jrdo ri uhgxflqj rujdqlf ordglqj/
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ru elrfkhplfdo r{|jhq ghpdqglqj vxevwdqfhv/ e| 73( +PSFD/ 5333,/ zklfk

zrxog lq wkhru| hqdeoh wkh Plqqhvrwd Ulyhu wr phhw vwdwh zdwhu txdolw| vwdq0

gdugv1 Wr dffrpsolvk wklv/ djjuhjdwh qrqsrlqw skrvskruxv hplvvlrqv kdyh ehhq

wdujhwhg iru pruh wkdq d 73( uhgxfwlrq iurp fxuuhqw ohyhov +PSFD/ 5333,1

Wkh Plqqhvrwd Ulyhu gudlqv dssur{lpdwho| 43 ploolrq dfuhv lq Fhqwudo dqg

Vrxwkhuq Plqqhvrwd ehiruh mrlqlqj wkh Plvvlvvlssl Ulyhu lq Vdlqw Sdxo1 Pdq|

ri wkh :33/333 lqkdelwdqwv dqg dssur{lpdwho| <5( ri wkh edvlq*v duhd duh lq0

yroyhg lq djulfxowxudo surgxfwlrq/ frqwulexwlqj derxw 83( ri wkh vwdwh*v fruq

dqg vr|ehdq surgxfwlrq/ pruh wkdq 53( dqg 73( ri ehhi dqg krj surgxfwlrq

uhvshfwlyho|1 Frqwulexwlrqv ri vhglphqw/ qlwurjhq/ dqg skrvskruxv e| wkh Plq0

qhvrwd Ulyhu wr wkh Plvvlvvlssl Ulyhu kdyh ehhq olqnhg wr vhyhuh hxwursklfdwlrq

dqg k|sr{ld sureohpv grzqvwuhdp +XVHSD/ 4<<:,1

Lq wklv sdshu zh xvh gdwd jdwkhuhg iurp wkh Vdqg Fuhhn vxe0zdwhuvkhg ri

wkh Orzhu Plqqhvrwd Edvlq1 Wklv uhjlrq zdv fkrvhq iru vhyhudo uhdvrqv1 Iluvw/

wkh Orzhu Plqqhvrwd lv wkh odujhvw frqwulexwru ri skrvskruxv +s0ordg, wr wkh

Plqqhvrwd Ulyhu1 Wklv frqwulexwlrq kdv ehhq hvwlpdwhg wr eh ehwzhhq 4:15 (

dqg 6518( +Idhwk/ 4<<;> Pxood/ 4<<;,1 Ixuwkhupruh/ wkh Vdqg Fuhhn lv rqh

ri wkh odujhvw vxe0edvlqv ri wkh Orzhu Plqqhvrwd Edvlq1 Lw gudlqv 47( ri wkh

Orzhu Plqqhvrwd zdwhuvkhg/ ru dssur{lpdwho| 47;/333 dfuhv +PSFD/ 4<<;,1

Lwv dyhudjh skrvskruxv frqwulexwlrq lv 448/333 oev12|hdu ru 44( ri wkh Orzhu

Plqqhvrwd wrwdo ordg +PSFD/ 4<<7,1 Ri wklv/ srlqw vrxufh hplvvlrqv dffrxqw

iru dssur{lpdwho| 68( ri wkh wrwdo s0ordg zkloh wkh uhpdlqlqj 98( frphv iurp

djulfxowxudo fursodqg hplvvlrqv1

Wr vlpsoli| rxu dqdo|vlv ri srvvleoh vwudwhjlf lqwhudfwlrq e| srooxwhuv lq d

g|qdplf uhjxodwru| hqylurqphqw zh kdyh ghflghg wr wuhdw srlqw dqg qrqsrlqw

vrxufhv lq djjuhjdwh1 Wkh djjuhjdwh srlqw vrxufh fdq eh wkrxjkw ri d ghflvlrq0

pdnlqj rujdql}dwlrq wkdw lv frpsulvhg ri suhylrxvo| uhjxodwhg srooxwhuv1 Wkh

djjuhjdwh qrqsrlqw vrxufh fdq eh wkrxjkw ri dv d ghflvlrq0pdnlqj rujdql}dwlrq

wkdw lv frpsulvhg ri suhylrxvo| xquhjxodwhg srooxwhuv1 Dv wkhuh lv vrph sulru

nqrzohgjh ri krz wr rswlpl}h surgxfwlrq xqghu uhjxodwlrq dqg ehfdxvh wkh

djjuhjdwh srlqw vrxufh rujdql}dwlrq kdv vljql�fdqwo| ihzhu phpehuv zh dvvxph

wkdw wkh djjuhjdwh srlqw vrxufh dfwv dv wkh Vwdfnhoehuj ohdghu lq wkh g|qdplf

jdph1 Wkh Plqqhvrwd Ulyhu wkhq surylghv dq h{fhoohqw iudphzrun wr h{dplqh

vwudwhjlf uhjxodwlrq ri srlqw dqg qrqsrlqw skrvskruxv hplvvlrqv iru d uhjlrq wkdw

zloo vrrq uhtxluh vxevwdqwldo srlqw dqg qrqsrlqw vrxufh dedwhphqw srolflhv1

2 �? it|�4@|�?} Mi?i�|t @?_ ULt|t

Ehiruh zh fdofxodwh wkh Qdvk sd|0r�v wr frpsduh wkh wzr srolf| lqvwuxphqwv/ zh

uhtxluh hfrqrphwulf hvwlpdwhv ri wkh djjuhjdwh frvwv ri dedwhphqw iurp qrqsrlqw

dqg srlqw vrxufhv lq dgglwlrq wkh djjuhjdwh ehqh�wv1 Dovr qhhghg lv wkh h{whqw

ri uhjxodwru| xqfhuwdlqw| lq dedwhphqw frvwv1 Dv lv w|slfdo lq wklv olwhudwxuh/

zh dvvxph dedwhphqw frvwv dqg ehqh�wv duh txdgudwlf +Ohle| dqg Uxelq/ 5333>

PfNlwulfn/ 4<<<> Nolqj dqg Uxelq/ 4<<:,1

8
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Iroorzlqj Mrkdqvvrq +5333 hw do1/ 5334,/ Gdo}hoo hw do1 +4<<<,/ dqg Jrzgd hw do1

+4<<;, vrlo gdwd iurp VWDWVJR +QUFV/ 4<<6, zhuh xvhg lq frqmxqfwlrq zlwk

wkh elrsk|vlfdo vrlov prgho/ DGDSW/ wr jhqhudwh wkh h�hfw ri skrvskruxv EPSv

rq djulfxowxudo s0ordgv iru Vdqg Fuhhn vrlov17 Wkh vrlov/ glvwlqjxlvkhg odqg xvh/

vorsh/ wloodjh sudfwlfh/ dqg vrlo jurxs/ fdq wkhq eh wkrxjkw ri dv uhsuhvhqwdwlyh

idupv rq d shu dfuh edvlv1 Kroglqj wkhvh uhsuhvhqwdwlyh idupv frqvwdqw/ d ydul0

hw| ri srolf| h{shulphqwv fdq eh frqgxfwhg wr ghwhuplqh wkh ordglqj h�hfwv ri

gl�huhqw ehvw pdqdjhphqw sudfwlfhv +EPSv,1 Wkhvh vlpxodwlrqv fdq eh xvhg wr

hvwlpdwh edvholqh hplvvlrqv ri skrvskruxv iurp idupv xqghu d ydulhw| ri folpdwh

frqglwlrqv1 Wkhvh EPSv duh d ixqfwlrq ri h{whqvlyh dqg lqwhqvlyh pdqdjhphqw

fkrlfhv +\lulgrh dqg Zhhuvlqn/ 4<<;, dqg duh olqnhg wr wkh dedwhphqw frvwv phd0

vxuhg lq irujrqh sur�wv +Prqwjrphu|/ 4<:5> Mxvw dqg ]loehupdq/ 4<;;> Pdoln

hw do1/ 4<<6,1

Fruuhvsrqglqj wr ydu|lqj ghjuhhv ri ghvluhg skrvskruxv dedwhphqw duh wkh

krul}rqwdo vxpv ri wkh ohdvw frvw dedwhphqw h�ruwv dfurvv Vdqg Fuhhn*v 47;/333

dfuhv1 Wkhvh dedwhphqw ohyhov dqg frvwv duh xvhg wr ghulyh wkh djjuhjdwh dedwh0

phqw frvwv iru wkh hqwluh zdwhuvkhg1 D vhfrqg ghjuhh sro|qrpldo ixqfwlrqdo

irup zdv hvwlpdwhg wr uhsuhvhqw wkh dedwhphqw frvw/

F
�
to
�
@ �o . go

�
to
�
. eo

�
to
�5

zkhuh to lv wkh dedwhphqw ri wkh qrqsrlqw vrxufh dqg �o/ go/ dqg eo duh frh�0

flhqwv1 Uhvxowv duh uhsruwhg lq Wdeoh 41 Wkh frh�flhqw hvwlpdwhv duh frqvlvwhqw

zlwk wkh dvvxpswlrq ri vwulfw frqyh{lw| dqg lq olqh zlwk suhylrxv zrun1

SUMMARY OUTPUT Nonpoint Abatement Cost Function 
Ex-ante Emissions = 75,058 lbs. year-1 
  

 

Regression Statistics    
R Square 0.998817062    

F Significance F    
2955.234407 5.69334E-11    

 Coefficients Standard Error t Stat P-value 
lα  20032.16355 10176.7398 1.968426425 0.089698971 
ld  -6.327539673 1.132515198 -5.58715652 0.000826999 
lb  0.000605045 2.67356E-05 22.63067331 8.32814E-08 

 

Wdeoh 4= Djjuhjdwh qrqsrlqw dedwhphqw frvwv1

e�#��A E�}h�U�*|�h@* #h@�?@}i @?_ �it|�U�_i �L_i*� �@t ti*iU|i_ _�i |L �|t |�i @M�*�
�|) |L @UUL�?| uLh 4@�Lh t�hu@Ui @?_ t�Mt�hu@Ui �)_hL*L}�U ThLUittit �?U*�_�?} @}h�U�*|�h@*

t�Mt�hu@Ui |�*i _h@�?@}i t)t|i4tc �tiu�* uLh |�i |�*i�_h@�?i_ tL�*t Lu |�i NTTih ��_�it|�

9



2�2 �L�?| tL�hUi @M@|i4i?| ULt|t

Wkh pdlq srlqw vrxufh frqwulexwruv ri skrvskruxv wr wkh Vdqg Fuhhn duh zdvwhz0

dwhu wuhdwphqw sodqwv dqg ihhgorwv1 Wkhuh duh uholdeoh vrxufhv grfxphqwlqj wkh

dqqxdo frqwulexwlrqv ri wkh wzr zdvwhzdwhu wuhdwphqw sodqwv +PSFD/ 5333>

PSFD/ 4<<7> Phwursrolwdq Zdvwh Frqwuro Frpplvvlrq/ 4<<6,1 Grfxphqwlqj

ihhgorw frqwulexwlrqv lv pruh gl�fxow/ fdoolqj lqwr txhvwlrq fdwhjrul}lqj ihhgorw

frqwulexwlrqv dv srlqw vrxufhv1 Ihhgorwv duh frqvlghuhg srlqw vrxufh frqwulexwruv

ri skrvskruxv e| wkh Plqqhvrwd Srooxwlrq Frqwuro Djhqf| wkdw kdv ehhq frp0

slolqj d olvw ri olfhqvhg ihhgorwv lq Plqqhvrwd1 Wkh prvw fxuuhqw gdwdedvh olvwv

<5 uhsruwhg ihhgorwv lq wkh Vdqg Fuhhn +PSFD/ 4<<;,/ zklfk frqwdlq dssur{l0

pdwho| 47/<36 dqlpdo xqlwv +4333 oev1 2 dqlpdo,1 Xvlqj jhqhulf frqyhuvlrq udwlrv

iru ehhi fdwwoh/ wklv fruuhvsrqgv wr dq dqqxdo surgxfwlrq ri 8;6/934 srxqgv ri

skrvskruxv1 D orzhu erxqg rq wkh shufhqwdjh ri vwruhg pdqxuh wkdw dqqx0

doo| hqwhuv wkh zdwhuvkhg lv wdnhq h{rjhqrxvo| wr eh 8( ri ihhgorw surgxfwlrq

+PSFD/ 4<<<,1 Wkh lqlwldo srlqw vrxufh hplvvlrqv vxp wr dssur{lpdwho| 73/333

oev2|hdu/ ru 68( ri wkh wrwdo Vdqg Fuhhn ordg1 Wklv lv frqvlvwhqw zlwk hduolhu

zdwhuvkhg hvwlpdwhv +PSFD/ 5333,1 Vlplodu wr qrqsrlqw vrxufhv/ wkh djjuh0

jdwh srlqw vrxufh dedwhphqw frvw ixqfwlrq lv fdofxodwhg dv wkh krul}rqwdo vxp

ri ohdvw frvw dedwhphqw sudfwlfhv xqghuwdnhq e| wkh srlqw vrxufhv wr dfklhyh d

ghvluhg ohyho ri skrvskruxv dedwhphqw1 Dv phqwlrqhg ehiruh/ wklv frvw lv jlyhq

dv wkh gl�huhqfh ehwzhhq xqfrqvwudlqhg sur�wv dqg frqvwudlqhg sur�wv1 Wkh

srlqw vrxufh frvw ixqfwlrq lv wkhuhiruh/

F
�
tk

�
@ �k . gk

�
tk

�
. ek

�
tk

�5

zkhuh tk lv wkh dedwhphqw ri wkh srlqw vrxufh dqg �k/ gk/ dqg ek duh frh�flhqwv1

Uhvxowv duh uhsruwhg lq Wdeoh 51

SUMMARY OUTPUT Point Abatement Cost Function 
Ex-ante Emissions = 40,114 lbs. year-1 
 

 

Regression Statistics    
R Square 0.99814236    

F Significance F    
4567.198957 6.11185E-24    

 Coefficients Standard Error t Stat P-value 
hα  430701.1755 88799.13555 4.850285679 0.000150062 
hd  -103.948035 9.759454604 -10.65100861 6.09534E-09 
hb  0.007446797 0.000226219 32.91855899 7.73062E-17 

 

Wdeoh 5= Djjuhjdwh srlqw vrxufh dedwhphqw frvwv

:
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D uhfhqw vwxg| kdv h{dplqhg wkh ehqh�wv wr skrvskruxv dedwhphqw lq wklv uhjlrq
+Pdwkhzv hw do1/ 5333,1 Frpelqlqj uhyhdohg dqg vwdwhg suhihuhqfhv/ Pdwkhzv
hw do1 +5333, hvwlpdwh udqgrp0h�hfwv surelw prgho iru skrvskruxv dedwhphqw lq
wkh Plqqhvrwd Ulyhu vlplodu wr Orrplv +4<<:,1 Xvlqj wkhvh hvwlpdwhv lw lv srv0
vleoh wr hvwlpdwh wkh phdq zloolqjqhvv0wr0sd| iru d 73( skrvskruxv dedwhphqw
ohyho dqg wkh pdujlqdo h�hfw ri zdwhu txdolw| rq zloolqjqhvv0wr0sd|1 Fdoleudwlqj
wkhvh uhvxowv wr wkh Vdqg Fuhhn +l1h1/ 618( ri wkh wrwdo skrvskruxv ordg lq wkh
Plqqhvrwd Ulyhu, lw lv srvvleoh wr ghwhuplqh wkh wrwdo ehqh�wv wr 618( ri wkh
uhjlrqdo srsxodwlrq iru d 73( uhgxfwlrq lq Vdqg Fuhhn hplvvlrqv1 Mrkdqvvrq
+5333, hvwlpdwhv wkh pdujlqdo ehqh�wv xqghu vhyhudo eurdg dvvxpswlrqv wr eh8/

PE @ 8;8� 83=5357 oq
�
tk . to

�
=

Iru wkh uhohydqw udqjh ri h�flhqw dedwhphqw fkrlfhv wkh olqhdu pdujlqdo ehq0
h�wv ixqfwlrq/ PE+tw, @ z � ytw zkhuh z dqg y frh�flhqwv/ lv d vx�flhqw
dssur{lpdwlrq wr wkh orj0olqhdu irup iru rxu sxusrvhv=

PE @ <5=<;<<69<� 3=333;:7494
�
tk . to

�

2�e +i}�*@|Lh �?Uih|@�?|)

Lq wklv prgho ri uhjxodwru0�up ehkdylru/ lw lv wkh uhjxodwru*v xqfhuwdlqw| derxw
wkh �upv* dedwhphqw frvwv dqg wkh nqrzohgjh ri wkh uhjxodwru*v uxoh wkdw lq0
wurgxfhv d vwudwhjlf lqfhqwlyh iru wkh �up wr pdqlsxodwh wkh uhjxodwru1 Dv
phqwlrqhg ehiruh/ zh dvvxph wkdw wkhvh vrxufhv ri xqfhuwdlqw| vhuyh wr vkliw wkh
olqhdu whup lq wkh sro|qrpldo dedwhphqw frvw ixqfwlrq lq dq dgglwlyh pdqqhu e|
8(1 Wklv lq idfw vkliwv wkh lqwhufhsw iru wkh pdujlqdo frvw ixqfwlrqv xs e| 8(1
Zkloh wklv vlpsoli|lqj dvvxpswlrq derxw wkh h{whqw ri uhjxodwru xqfhuwdlqw| lv
ghedwdeoh/ fduh zdv wdnhq wr eh frqvhuydwlyh1 Dv pruh lqirupdwlrq ehfrphv
dydlodeoh/ wklv yduldeoh zloo eh lpsryhg1

� 5�4�*@|�L?G �L_i* @?_ hit�*|t

Wkhuh duh wzr �upv/ rqh zlwk kljk dedwhphqw frvwv dqg wkh rwkhu zlwk orz
dedwhphqw frvwv/ lqgh{hg e| m @ k> o1 Wkhuh duh wzr wlph shulrgv/ lqgh{hg e|
w @ 4>51 Ohw � eh wkh glvfrxqw idfwru ehwzhhq shulrgv1 Lqlwldo hplvvlrqv +zlwk0
rxw dq| frvwo| dedwhphqw dfwlylw|, e| �up m lq shulrg w duh hmw 1 Ohw dedwhphqw
e| �up m lq shulrg w eh t

m
w 1 Wkh dedwhphqw frvw ixqfwlrq iru �up m lv jlyhq

e| Fm+tmw > �,/ zkhuh � lv d uhdol}dwlrq ri d udqgrp yduldeoh �/ zklfk lv nqrzq
wr wkh �upv exw qrw nqrzq e| wkh uhjxodwru1 Zh dvvxph wkdw wkh pdujlqdo
dedwhphqw frvw ixqfwlrq iru hdfk �up lv srvlwlyh dqg lqfuhdvlqj lq dedwhphqw

D�tt�4i �ht| |�@| |�i 4@h}�?@* ��**�?}?itt�|L�T@) @TThL@U�it 3ihL @t @M@|i4i?| @T�

ThL@U�it �ffI� A�@| �t |L t@)c |�@| |�i Mi?i�|t |L @M@|i4i?| *i�i* Lg @t �ffI @M@|i4i?| �t

hi@*�3i_c UL?t�t|i?| ��|� |�i |h@_�|�L?@* @tt�4T|�L?t Lu
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+Fm
t +t

m
w > �, A 3 dqg Fm

tt+t
m
w > �, A 3, dqg wkdw Fm+3> �, @ 31 Zh dvvxph wkdw

lqfuhdvhv lq � uhvxow lq kljkhu wrwdo dqg pdujlqdo dedwhphqw frvw dw doo ohyhov
ri dedwhphqw= Fm

�
+tmw > �, A 3 dqg F

m

t�
+tmw > �, A 31 Wkh djjuhjdwh dedwhphqw frvw

ixqfwlrq/ F+tw> �,/ lv wkh plqlpxp frvw ri dfklhylqj djjuhjdwh dedwhphqw lq sh0
ulrg w/ zkhuh djjuhjdwh dedwhphqw lv tw @ tkw . tow1 Ohw Ft+tw> �, uhsuhvhqw wkh
pdujlqdo djjuhjdwh dedwhphqw frvw ixqfwlrq/ dvvxphg wr eh frqwlqxrxv1 Gh�qh
H^Ft+tw>�,` dv wkh h{shfwhg pdujlqdo dedwhphqw frvw ixqfwlrq zkhq lqirupdwlrq
derxw wkh uhdol}dwlrq ri wkh udqgrp yduldeoh � lv xqnqrzq1 Ehqh�wv ri dedwh0
phqw lq shulrg w duh E+tw,1 Zh dvvxph wkdw wkh pdujlqdo ehqh�wv ri dedwhphqw
duh srvlwlyh exw ghfolqlqj lq djjuhjdwh dedwhphqw= E3+tw, A 3 dqg E33+tw, ? 31
Wr hqvxuh dq lqwhulru rswlpxp/ zh dvvxph wkdw Ft+3> �, ? E3+3, iru doo � lq wkh
vxssruw ri �1

Sulru wr wkh �uvw shulrg/ wkh uhjxodwru fkrrvhv d w|sh ri srolf|/ hlwkhu hplv0
vlrqv wd{hv ru pdunhwdeoh hplvvlrqv shuplwv1 Lq shulrg 4/ wkh uhjxodwru vhwv wkh
ohyho ri hplvvlrq wd{hv ru wkh qxpehu ri shuplwv lvvxhg wr hdfk �up1 Ilupv wkhq
fkrrvh shulrg 4 dedwhphqw +dqg hplvvlrqv wudglqj,1 Wkh uhjxodwru revhuyhv
hdfk �up*v dedwhphqw ohyho dqg/ lq wkh fdvh ri pdunhwdeoh hplvvlrqv shuplwv/
wkh sulfh ri shuplwv1 Vkh wkhq xsgdwhv khu eholhi derxw � dqg/ edvhg xsrq wkh
�upv* ehkdylru/ lqihuv wkdw wkh ydoxh ri wkh udqgrp yduldeoh � lv �U1 Lq wkh
vhfrqg shulrg/ wkh uhjxodwru djdlq vhwv wkh ohyho ri hplvvlrq wd{hv ru wkh qxpehu
ri shuplwv lvvxhg wr hdfk �up/ wklv wlph xvlqj lqirupdwlrq jdwkhuhg iurp re0
vhuylqj �uvw0shulrg hplvvlrqv dqg sulfhv1 Ilupv wkhq fkrrvh shulrg 5 dedwhphqw
+dqg hplvvlrqv wudglqj,1

Wkh jrdo ri hdfk �up lv wr plqlpl}h wkh suhvhqw ydoxh ri frvwv +dedwhphqw
soxv uhjxodwru| frvwv,1 Ilupv duh vwudwhjlf lq wkdw wkh| wdnh dffrxqw ri krz
�uvw0shulrg dfwlrqv pd| lq�xhqfh ixwxuh uhjxodwru| srolf|1

Wkh uhjxodwru*v remhfwlyh lv wr pd{lpl}h wkh h{shfwhg suhvhqw ydoxh ri qhw
vrfldo ehqh�wv +l1h1/ plqlpl}h wkh vxp ri gdpdjhv iurp srooxwlrq dqg dedwhphqw
frvw,1 Lq rxu prgho/ wkh uhjxodwru lv qrw vwudwhjlf lq wkh vdph zd| wkdw �upv duh1
Lq hdfk shulrg/ wkh uhjxodwru vhwv pdujlqdo ehqh�w htxdo wr h{shfwhg pdujlqdo
frvw dqg vhwv srolf| dffruglqjo|1 Wkh uhjxodwru xvhv d qrq0vwudwhjlf xsgdwlqj ri
eholhiv lq shulrg 5 wkdw idlov wr dffrxqw iru wkh �upv* vwudwhjlf ehkdylru1

Iru d ghwdlohg ghvfulswlrq ri krz wkh prgho lv vroyhg wkh uhdghu lv uhihuuhg wr
Prohglqd hw do +5333, dqg Dsshqgl{ D ri wklv sdshu1 Wkh uhvxowv duh suhvhqwhg
lq Wdeoh 61

<



Variable
Full 

information 
efficient

Non-
strategic 

firms

Strategic 
firms

Non-
strategic 

firms

Strategic 
firm: Buyer 

power
q1 50,406.60 48,444.02 63,717.90 53,088.36 53,088.36

q2 50,406.60 50,406.60 43,749.70 50,406.60 46,655.30

p1 48.03 45.75 45.75 50.94 58.42

p2 48.03 42.41 40.49 42.41 44.06

a1 - - - 62,157.90 62,157.90

a2 - - - 64,765.40 68,516.70

Welfare 5,064,477.41 5,060,637.02 4,684,558.41 5,057,308.05 4,800,101.41
Deadweight loss 0.00 3,840.40 379,919.00 7,169.36 264,376.00

Emission taxes Emission permits

Wdeoh 6= Qxphulfdo uhvxowv iurp wkh wzr shulrg jdph1

Wkh uhvxowv vkrzq lq Prohglqd hw1 do +5333, frqwlqxh wr krog zkhq dssolhg wr

wkh fdvh ri Plqqhvrwd Skrvskrurxv hplvvlrqv1 Zlwk vwudwhjlf �upv/ shuplwv rxw0

shuirup wd{hv lq whupv ri zhoiduh1 Lq wkh wd{ fdvh/ djjuhjdwh dedwhphqw lv jurvvo|

lqh�flhqw lq erwk shulrgv1 Ilupv ryhudedwh uhodwlyh wr wkh h�flhqw dprxqw lq

wkh �uvw shulrg wr pdqlsxodwh wkh uhjxodwru lqwr eholhylqj wkdw dedwhphqw frvwv

duh orz1 Ilupv wkhq idfh d orz vhfrqg0shulrg hplvvlrqv wd{ dqg xqghudedwh

lq shulrg wzr1 Wkh zhoiduh orvvhv iurp wkh frpelqdwlrq ri ryhudedwhphqw lq

shulrg rqh dqg xqghudedwhphqw lq shulrg wzr xqghu hplvvlrqv wd{hv duh jhqhu0

doo| juhdwhu wkdq wkh zhoiduh orvvhv iurp xqghudedwhphqw lq shulrg wzr xqghu

hplvvlrqv shuplwv1 Lw lv lqwhuhvwlqj wr qrwh wkdw wkh ghdgzhljkw orvv zlwk wd{hv

lv rqo| derxw ;( ri zhoiduh zkloh zlwk shuplwv/ wkh sursruwlrqdwh ghdgzhljkw

orvv lv 8($

Djdlq/ zlwk hplvvlrq wd{hv lq wkh �uvw shulrg/ vwudwhjlf �upv dedwh pruh

wkdq lv h�flhqw lq rughu wr uhfhlyh orzhu wd{hv lq wkh qh{w shulrg1 Zlwk hplv0

vlrq shuplwv/ wkh ex|hu ru srlqw vrxufh pdnhv d _wdnh0lw ru ohdyh0lw% r�hu ri

sulfh kljkhu wkdq wkh h�flhqw shuplw sulfh ri '7;1361 Wklv lv grqh lq rughu wr

pdqlsxodwh wkh uhjxodwru lqwr wklqnlqj wkdw wkh �upv duh kljk0frvw �upv1 Wkh

uhjxodwru reoljhv e| lvvxlqj pruh shuplwv lq wkh qh{w shulrg/ d5 @ 9;> 849=:31

e �L?U*�t�L?t

Zkhq dq hqylurqphqwdo uhjxodwru grhv qrw kdyh frpsohwh lqirupdwlrq derxw

�upv* dedwhphqw frvwv/ wkh �upv fdq xvh wklv lqirupdwlrqdo dv|pphwu| wr wkhlu

dgydqwdjh1 Ilupv nqrz wkdw wkhlu ehkdylru lq d jlyhq wlph shulrg lv d vljqdo

ri frvwv wr wkh uhjxodwru/ dqg wkdw vkh wdnhv wklv ehkdylru lqwr dffrxqw zkhq

pdnlqj srolflhv lq vxevhtxhqw shulrgv1 Zh kdyh h{soruhg wkh h�hfwv ri wklv

vwudwhjlf ehkdylru rq wkh sulfh0txdqwlw| frpsdulvrq1

Lq wkh wudglwlrq ri sdvw vwxglhv wkdw hvwlpdwhg wkh frvwv dqg ehqh�wv ri

srooxwlrq dedwhphqw/ zh dvvxphg txdgudwlf frvwv dqg ehqh�wv1 Zh hvwlpdwhg

wkh ehqh�wv dqg frvwv ri skrvskruxv srooxwlrq dedwhphqw lq wkh Vdqg Fuhhn

vxe0zdwhuvkhg ri wkh Orzhu Plqqhvrwd Edvlq iroorzlqj Mrkdqvvrq +5333,1 Wklv
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uhjlrq zdv fkrvhq iru vhyhudo uhdvrqv fklhi dprqj wkhp wkdw lw lv wkh odujhvw

frqwulexwru ri skrvskruxv +s0ordg, wr wkh Plqqhvrwd Ulyhu1 Wkhvh uhvxowv zhuh

wkhq xvhg lq d wzr0shulrg vlpxodwlrq ri d vwudwhjlf jdph ehwzhhq d uhjxodwru

dqg wzr djjuhjdwh vrxufhv ri srooxwlrq/ d srlqw vrxufh dqg d qrqsrlqw vrxufh1

Zkhq idflqj dq hplvvlrqv wd{/ zh irxqg wkdw lq d vxejdph0shuihfw htxl0

oleulxp �upv zloo ryhudedwh lq wkh �uvw shulrg/ idfh orzhu wd{hv lq wkh vhfrqg

shulrg/ dqg xqghudedwh lq wkh vhfrqg shulrg uhodwlyh wr wkh h�flhqw rxwfrph1

Zkhq idflqj d shuplw pdunhw/ �upv kdyh dq lqfhqwlyh wr elg xs wkh sulfh ri

shuplwv lq wkh �uvw shulrg/ lq rughu wr rewdlq pruh shuplwv lq wkh vhfrqg shulrg1

Lq rxu prgho/ shuplwv rxwshuiruphg wd{hv lq whupv ri h�flhqf|1

Wkhuh duh d qxpehu ri qdwxudo h{whqvlrqv wr wklv zrun1 Iruhprvw zrxog eh wr

h{whqg wkh vlpxodwlrq wr pxowlsoh shulrgv dqg vhh li wkh uhvxowv vwloo krog1 Lqlwldo

dqdo|wlfdo zrun e| Prohglqd hw1 do1 +5333, vkrz wkdw wkhvh uhvxowv frqwlqxh wr

krog zkhq wkh prgho lv uxq ryhu pxowlsoh shulrgv1 Wr vkdushq wkh uhdolvp ri wkh

g|qdplf jdph/ rqh frxog dovr frqvlghu wkh fdvh lq zklfk wkh uhjxodwru nqrzv

vkh lv jrlqj wr eh plvohg1 Lq wklv fdvh/ erwk wkh uhjxodwru dqg wkh �upv zrxog

eh vwudwhjlf sod|huv/ uhvxowlqj lq d frpsolfdwhg g|qdplf vroxwlrq frqfhsw1

+iuihi?Uit

^4` Dphulfdq Ulyhuv +5333,1 _Dphulfd*v Prvw Hqgdqjhuhg Ulyhuv= 4<;;04<<;/%

Duwlfoh/

kwws=22zzz1dpulyhuv1ruj1

^5` Dsrjhh Uhvhdufk/ Lqf1 +4<<5,1 _Lqfhqwlyh Dqdo|vlv iru FZD Uhdxwkrul}d0

wlrq= Srlqw Vrxufh2Qrqsrlqw Vrxufh Wudglqj iru Qxwulhqw Glvfkdujh Uh0

gxfwlrqv/% R�fh ri Zdwhu/ XVHSD/ Uhsruw +Dsulo,1

^6` Er|g/ M1 +5333,1 _Wkh Qhz Idfh ri wkh Fohdq Zdwhu Dfw= D Fulwlfdo Uhylhz

ri wkh HSD*v Sursrvhg WPGO Uxohv/% Uhvrxufhv iru wkh Ixwxuh/ Glvfxvvlrq

Sdshu &330451

^7` Frjjlqv/ Md| V1 dqg M1U1 Vzlqwrq1 +4<<9,1 _Wkh Sulfh ri Srooxwlrq= D

Gxdo Dssurdfk wr Ydoxlqj VR5 Doorzdqfhv/% Mrxuqdo ri Hqylurqphqwdo

Hfrqrplfv dqg Pdqdjhphqw/ 58= 5:805<:1

^8` Frxqflo rq Hqylurqphqwdo Txdolw|1 +4<<9,1 Hqylurqphqwdo Txdolw|= 58wk

Dqqlyhuvdu| Uhsruw/ H{hfxwlyh R�fh ri wkh Suhvlghqw/ Zdvklqjwrq/ G1F1

^9` Gdo}hoo/ E1M1/ S1K1 Jrzgd/ dqg G1M1 Pxood1 +4<<<,1 _Suhglfwlqj Qrqsrlqw

Vrxufh Srooxwlrq iru d Vpdoo Djulfxowxudo Zdwhuvkhg lq Vrxwkhuq Plq0

qhvrwd/% X ri PQ Vrlov Ghsw1/ suhvhqwdwlrq DVDH2FVDH0VFJU Dqqxdo

Lqwhuqdwlrqdo Phhwlqj= Wrurqwr/ Fdqdgd1

^:` Grvl/ F1 dqg P1 Pruhwwr1 +4<<6,1 _Qrqsrlqw0Vrxufh Srooxwlrq Frqwuro/ Lq0

irupdwlrq Dv|pphwu|/ dqg wkh Fkrlfh ri Wlph Sur�oh iru Hqylurqphqwdo

Ihhv/% lq Uxvvho dqg Vkrjuhq +hgv1, Wkhru|/ Prgholqj dqg H{shulhqfh lq

wkh Pdqdjhphqw ri Qrqsrlqw0Vrxufh Srooxwlrq1
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^;` Hopruh/ W1/ M1 Mdndvfk/ dqg G1 Grzqlqj1 +4<;8,1 _Srlqw2Qrqsrlqw Vrxufh
Wudglqj Surjudpv iru Gloorq Uhvhuyrlu dqg Sodqqhg H{whqvlrqv iru Rwkhu
Duhdv/% lq Shuvshfwlyhv rq Qrqsrlqw Vrxufh Srooxwlrq/ XVHSD/ Zdvklqj0
wrq/ G1F1

^<` Idhwk/ S1 +4<<;,1 _Wkh Srwhqwldo iru Qxwulhqw Wudglqj lq Plqqhvrwd= Wkh
Fdvh ri wkh Plqqhvrwd Ulyhu Ydooh|/% Zruog Uhvrxufhv Lqvwlwxwh/ Gudiw1

^43` Iohplqj/ U1D1 +4<<8,1 Wkh Hfrqrplfv ri Djulfxowxudo Jurxqgzdwhu Txdo0
lw|= H�hfwv ri Vsdwldo dqg Whpsrudo Yduldelolw| rq Srolf| Ghvljq1 Sk1G1
Glvvhuwdwlrq/ Ruhjrq Vwdwh Xqlyhuvlw|1

^44` Jrzgd/ S1K1/ D1G1 Zdug/ G1D1 Zklwh/ G1E1 Ednhu/ dqg W1M1 Orjdq1 +4<<;,1
_Prgholqj Gudlqdjh Sudfwlfh Lpsdfwv rq wkh Txdqwlw| dqg Txdolw| ri
Vwuhdp Iorzv iru dq Djulfxowxudo Zdwhuvkhg lq Rklr/% :wk Lqw*o V|psrvld/
DVDH/ Ruodqgr/ IO1

^45` Kduglqj/ G1 +4<<3,1 _Wdu0Sdpolfr Qxwulhqw Vhqvlwlyh Zdwhu Vwudwhj|/%
Phprudqgxp/ Qruwk Fdurolqd Ghsduwphqw ri Hqylurqphqw/ Khdowk/ dqg
Qdwxudo Uhvrxufhv 2 Glylvlrq ri Hqylurqphqwdo Pdqdjhphqw +Ghfhpehu,1

^46` Mrkdqvvrq/ Urehuw F1 +5333,1 _Lqwhuwhpsrudo qxwulhqw wudglqj iru srlqw0
qrqsrlqw hplvvlrqv% Glvvhuwdwlrq Wkhvlv/ Ghsw1 Dssolhg Hfrqrplfv/ Xql0
yhuvlw| ri Plqqhvrwd1

^47` Mxvw/ U1H1 dqg G1 ]loehupdq1 +4<;;,1 _D Phwkrgrorj| iru Hydoxdwlqj Ht0
xlw| Lpsolfdwlrqv ri Hqylurqphqwdo Srolf| Ghflvlrqv lq Djulfxowxuh/% Odqg

Hfrqrplfv/ 97+4,= 6:0851

^48` Nolqj/ F1 dqg M1 Uxelq1 +4<<:,1 _Edqndeoh shuplwv iru wkh frqwuro ri hqyl0
urqphqwdo srooxwlrq/% Mrxuqdo ri Sxeolf Hfrqrplfv/ 97= 43404481

^49` Ohle|/ S dqg M1 Uxelq1 +4<<;,1 _H�flhqw Juhhqkrxvh Jdv Hplvvlrq Edqnlqj
dqg Eruurzlqj V|vwhpv/% Zhvwhuq Hfrqrplf Dvvrfldwlrq Sdshu Suhvhqwd0
wlrq/ QY +Pd| 64,1

^4:` Ohwvrq/ G1/ V1 Fuxwfk�hog/ dqg D1 Pdoln1 +4<<6,1 _Srlqw2Qrqsrlqw Vrxufh
Wudglqj iru Frqwuroolqj Srooxwdqw Ordglqjv wr Frdvwdo Zdwhuv/% lq Uxvvho
dqg Vkrjuhq +hgv1, Wkhru| Prgholqj dqg H{shulhqfh lq wkh Pdqdjhphqw ri

Qrqsrlqw0Vrxufh Srooxwlrq/ Noxzhu= Ervwrq1

^4;` Ohwvrq/ G1 +4<<5,1 _Srlqw2Qrqsrlqw Vrxufh Srooxwlrq Uhgxfwlrq Wudglqj=
Dq Lqwhusuhwlyh Vxuyh|/% Qdwxudo Uhvrxufh Mrxuqdo/ 65= 54<05651

^4<` PfNlwulfn/ U1 +4<<<,1 _D Ghulydwlrq ri wkh Pdujlqdo Dedwhphqw Frvw
Fxuyh/% Mrxuqdo ri Hqylurqphqwdo Hfrqrplfv dqg Pdqdjhphqw/ 6:=6390
471

^53` Prohglqd Dp|d} D1/ Md| V1 Frjjlqv dqg Vwhskhq Srodvn| +5333, _G|qdplf
hqylurqphqwdo srolf| zlwk vwudwhjlf �upv= Sulfhv yhuvxv txdqwlwlhv% Xqghu
uhylhz1
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^54` Prqwjrphu|/ Z1G1 +4<:5,1 _Pdunhwv lq Olfhqvhv dqg H�flhqw Srooxwlrq
Frqwuro Surjudpv/% Mrxuqdo ri Hfrqrplf Wkhru|/ 8= 6<8074;1

^55` Ohle|/ S1 dqg M1 Uxelq1 +5333,1 _Edqndeoh Shuplwv iru wkh Frqwuro ri Vwrfn
Srooxwdqwv= Wkh Juhhqkrxvh Jdv Fdvh/% Zhvwhuq Hfrqrplf Dvvrf1 Lqw1 :6ug
Dqqxdo Frqihuhqfh 4<<;/ +uhylvhg gudiw= Iheuxdu| 5/ 5333,1

^56` Orrplv/ M1E1 +4<<:,1 _Sdqho Hvwlpdwruv wr Frpelqh Uhyhdohg dqg Vwdwhg
Suhihuhqfh Glfkrwrprxv Fkrlfh Gdwd/% Mrxuqdo ri Djulfxowxudo dqg Uh0

vrxufh Hfrqrplfv/ 55+5,= 56605781

^57` Pdoln/ D1V1/ G1 Ohwvrq/ dqg V1U1 Fuxwfk�hog1 +4<<6,1 _Srlqw2Qrqsrlqw
Vrxufh Wudglqj ri Srooxwlrq Dedwhphqw= Fkrrvlqj wkh Uljkw Wudglqj Ud0
wlr/% Dphulfdq Mrxuqdo ri Djulfxowxudo Hfrqrplfv/ :8= <8<0<9:1

^58` Pdwkhzv/ O1J1/ I1U1 Krpdqv/ dqg N1Z1 Hdvwhu1 +5333,1 _Hvwlpdwlqj Zdwhu
Txdolw| Ehqh�wv e| Frpelqlqj Uhyhdohg dqg Vwdwhg Suhihuhqfh Phwkrgv=
Dq Dssolfdwlrq lq wkh Plqqhvrwd Ulyhu/% Gudiw +Mxo| 48,1

^59` Plqqhvrwd Srooxwlrq Frqwuro Djhqf| +PSFD, +5333,1 _Wrwdo Pd{0
lpxp Gdlo| Ordgv dqg Plqqhvrwd*v Zdwhuzd|v/% Uhsruw/ vrxufh=
kwws=22zzz1sfd1vwdwh1pq1xv2zdwhu2wpgo1kwpo1

^5:` 1 +4<<<,1 _Skrvskruxv lq wkh Plqqhvrwd Ulyhu/% Uhsruw/ vrxufh=
kwws=22zzz1sfd1vwdwh1pq1xv2zdwhu2edvlqv2pqulyhu2sxeolfdwlrqv1kwpo1

^5;` 1 +4<<;,1 _Plqqhvrwd Ihhgorw Olfhqvhv dqg Orfdwlrqv/% JLV Gdwdedvh
ri Olfhqvhv Ihhgorwv1

^5<` 1 +4<<7,1 Plqqhvrwd Ulyhu Dvvhvvphqw Surmhfw Uhsruw +PqUDSS,= Yro=
4071 Uhsruw wr wkh Ohjlvodwlyh Frpplvvlrq rq Plqqhvrwd Uhvrxufhv +Mdq0
xdu|,1

^63` Prujdq/ F1 +4<<<,1 _Qlwudwh Dedwhphqw yld Shuplwv= Urfkhvwhu/% Glvvhu0
wdwlrq Wkhvlv/ Ghsw1 Dssolhg Hfrqrplfv/ Xqlyhuvlw| ri Plqqhvrwd1

^64` Pxood/ G1M1 +4<<;,1 _Skrvskruxv lq Vxuidfh Zdwhuv= Wkh Plqqhvrwd Ulyhu
Fdvh Vwxg|/% Srwdvk ) Skrvskdwh Lqvwlwxwh/ Ehwwhu Fursv zlwk Sodqw Irrg/
4= ; 0 441

^65` Qdwxudo Uhvrxufhv Frqvhuydwlrq Vhuylfh +QUFV,1 +4<<6,1 Vwdwh Vrlo Jhr0
judsklf Gdwd Edvh +VWDWVJR,= Gdwd Xvhu*v Jxlgh/ Plvfhoodqhrxv Sxeol0
fdwlrq 47<5/ Zdvklqjwrq/ G1F1

^66` Vkruwoh/ M1V1 +4<<3,1 _Wkh Doorfdwlyh H�flhqf| Lpsolfdwlrqv ri Zdwhu Sro0
oxwlrq Dedwhphqw Frvw Frpsdulvrqv/% Zdwhu Uhvrxufhv Uhvhdufk/ 59+8,=
:<60:<:1

^67` 1 +4<;:,1 _Doorfdwlyh Lpsolfdwlrqv ri Frpsdulvrqv Ehwzhhq wkh
Pdujlqdo Frvwv ri Srlqw dqg Qrqsrlqw Vrxufh Srooxwlrq Dedwhphqw/%
Qruwkhdvw Mrxuqdo ri Djulfxowxudo dqg Uhvrxufh Hfrqrplfv/ 49= 4:0561
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^68` Vzlqwrq/ M1U1 +4<<;,1 _Dw Zkdw Frvw gr Zh Uhgxfh SrooxwlrqB Vkdgrz
Sulfhv ri VR5 Hplvvlrqv/% Wkh Hqhuj| Mrxuqdo/ 4<+7,= 960;61

^69` XVHSD1 +4<<;,1 Qdwlrqdo Zdwhu Txdolw| Lqyhqwru| 0 4<<91 Uhsruw wr
Frqjuhvv/ R�fh ri Zdwhu/ HSD;740U0<:033;/ Zdvklqjwrq/ G1F1

^6:` 1 +4<<7,1 _WPGO Fdvh Vwxg|= Wuxfnhh Ulyhu/ Qhydgd/% R�fh ri Zdwhu

+7836I,/ Sxeolfdwlrq &HSD;740I0<70339 +Dxjxvw,1

^6;` Zhvwud/ M1 +4<<<,1 _Djulfxowxudo Skrvskruxv Qrqsrlqw Vrxufh Srooxwlrq lq
wkh Plqqhvrwd Ulyhu/% Dqqxdo Phhwlqj ri wkh D1D1H1D1/ Qdvkylooh/ Whq0
qhvvhh/ Vhohfwhg Sdshu1

^6<` Zhlw}pdq/ Pduwlq +4<:7,1 _Sulfhv yv1 Txdqwlwlhv/% Uhylhz ri Hfrqrplf

Vwxglhv 74/ 7::07<4

^73` \lulgrh/ H1N1 dqg D1 Zhhuvlqn1 +4<<;,1 _Pdujlqdo Dedwhphqw Frvwv ri Uh0
gxflqj Jurxqgzdwhu0Q Srooxwlrq zlwk Lqwhqvlyh dqg H{whqvlyh Idup Pdq0
djhphqw Fkrlfhv/% Djulfxowxudo dqg Uhvrxufh Hfrqrplfv Uhylhz/ Rfwrehu=
49<04;81

DSSHQGL[
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Uhfdoo iurp Vhfwlrq 5 wkdw rxu hvwlpdwhg pdujlqdo ehqh�w ixqfwlrq zdvPE+tw, @
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o,/ lv wkh vorsh ri wkh djjuhjdwh pdujlqdo frvw fxuyh1 Wkh
uhjxodwru h{shfwv dq djjuhjdwh dedwhphqw ohyho lq wkh �uvw shulrg ri tu4 1 Diwhu
revhuylqj s4/ hdfk �up m dedwhv d txdqwlw| t

m
4
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Lq wkh vhfrqg shulrg/ wkh uhjxodwru revhuyhv hdfk �up*v t
m
4
/ dqg wkxv nqrzv

djjuhjdwh dedwhphqw t41 Vkh eholhyhv wkdw wkh sulfh0txdqwlw| sdlu vkh revhuyhv/
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Lq wkh vhfrqg shulrg/ wkh uhjxodwru/ xvlqj wkh deryh uhodwlrqvkls/ wkh uhjx0
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Ehfdxvh wkh pdujlqdo frvwv duh olqhdu dqg wkh uhjxodwru nqrzv wkh vorsh ri wkh
pdujlqdo frvw ixqfwlrq/ wkh �uvw0rughu frqglwlrqv lq wkh vhfrqg shulrg uhgxfh
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Xvlqj htxdwlrq +5, dqg dvvxplqj wkh uhjxodwru vhwv d vhfrqg0shulrg sulfh htxdo
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vxemhfw wr htxdwlrqv +5, dqg +4,1 Wkh vxe0jdph shuihfw Qdvk htxloleulxp lv
rewdlqhg e| vlpxowdqhrxvo| vroylqj wklv g|qdplf surjudp lq Pdwkhpdwlfd iru
wkh wzr �upv1
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Lq wkh �uvw shulrg/ wkh uhjxodwru fkrrvhv d wdujhw dedwhphqw ohyho e| vhw0
wlqj pdujlqdo ehqh�wv htxdo wr h{shfwhg pdujlqdo frvwv1 Wkh uhvxow lv t4 @
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+z � g, @ +� . y,/ zklfk phdqv wkdw wkh uhjxodwru glvwulexwhv d4 @ h4�+z � g, @ +� . y,
shuplwv1 Wr ghulyh wkh uhodwlrqvkls ehwzhhq wkh �uvw shulrg shuplw sulfh re0
vhuyhg e| wkh uhjxodwru dqg wkh qxpehu ri shuplwv glvwulexwhg e| wkh uhjxodwru
lq wkh vhfrqg shulrg/ zh xvh wkh idfw wkdw lq wkh �uvw shulrg vkh h{shfwv hdfk
�up wr htxdwh wkh shuplw sulfh wr pdujlqdo frvwv1 Khqfh/
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Lq wkh vhfrqg shulrg/ wkh uhjxodwru htxdwhv pdujlqdo ehqh�wv zlwk wkh qhz
h{shfwhg pdujlqdo frvw/
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zklfk/ zkhq vroyhg iru t5 xvlqj �
U iurp +6, |lhogv wkh uhjxodwru*v g|qdplf
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Lq rughu wr vroyh iru d vxe0jdph shuihfw htxloleulxp/ zh vwduw lq wkh vhfrqg
shulrg1 Vlqfh wkh kljk frvw �up lv wkh sulfh vhwwhu/ lw vroyhv iru wkh vhoohu*v h{fhvv
ghpdqg iru shuplwv lq wkh vhfrqg shulrg1 Wklv lv grqh e| vroylqj wkh vhoohuv*v
frvw0plqlpl}dwlrq sureohp jlyhq sd5 /
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Iurp wkh idfw wkdw hplvvlrqv pxvw htxdo wkh qxpehu ri shuplwv/ dqg iurp
wkh vroxwlrq wr wkh deryh sureohp/ zh fdq uhzulwh sd5 dv d ixqfwlrq ri d5 dqg
t
k

5
/ zklfk fdq lq wxuq eh xvhg lq wkh ex|huv*v frvw plqlpl}dwlrq sureohp/
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Wkh vroxwlrq wr wklv sureohp/ dorqj zlwk wkh uhjxodwru*v g|qdplf uhvsrqvh ixqf0
wlrq/ |lhogv rswlpdo to

5
dv d ixqfwlrq ri sd4 1 Zh fdq dovr xvh wkh uhodwlrqvklsv

ghulyhg wkxv idu wr olqn sd4 dqg wkh rswlpdo vhfrqg0shulrg sulfh1
Dw wklv vwdjh/ zh kdyh wkh uhjxodwru*v g|qdplf uhvsrqvh ixqfwlrq wr wkh �uvw0

shulrg sulfh k+sd4 m d4,> wkh vhoohu*v ghpdqg iru shuplwv dv d ixqfwlrq ri wkh w

shulrg sulfh/ to
4
+sdw,> wkh vhfrqg0shulrg sulfh dv d ixqfwlrq ri �uvw0shulrg shuplw
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sulfh/ sd5+sd4,> dqg wkh qxpehu ri shuplwv lq wkh vhfrqg shulrg dv d ixqfwlrq

ri �uvw0shulrg sulfh/ d5+sd4,1 Wkhvh uhvxowv duh vxevwlwxwhg lqwr wkh kljk frvw

�up*v wzr shulrg frvw0plqlpl}dwlrq sureohp1

Zh duh deoh wr xvh wkh uhvxowv iurp wkh deryh vwhsv wr uhgxfh wkh kljk frvw

�up*v sureohp wr d xqlyduldwh plqlpl}dwlrq sureohp lq zklfk wkh fkrlfh yduldeoh

lv sd4 1 Doo rswlpdo ydoxhv fdq eh ghulyhg iurp wkh rswlpdo ydoxh ri sd4 1 Dv zlwk

wkh wd{ fdvh/ wkh prgho lv vroyhg lq Pdwkhpdwlfd xvlqj wkh htxdwlrqv ghyhorshg

khuh1
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