
Fdq Iudlow| Prghov H{sodlq Pruwdolw|

Gl�huhqwldov e| Vrflrhfrqrplf VwdwxvB

Loldqd NrkohuW Kdqv0Shwhu Nrkohu_ Mdphv Z1 Ydxshoh

Dxjxvw 46/ 5334

Devwudfw

Lq wklv sdshu zh lqyhvwljdwh zkhwkhu d vhohfwlrq k|srwkhvlv surylghv d frqvlvwhqw

dqg sodxvleoh h{sodqdwlrq iru wkh revhuyhg frqyhujhqfh dqg furvv0ryhu ri pruwdolw|

wudmhfwrulhv e| vh{ dqg vrflrhfrqrplf vwdwxv +hgxfdwlrq, dw rog djhv1 Lq wklv frqwh{w/

wkh dqdo|vhv frpsduh d sdudphwulf zlwk d qrq0sdudphwulf dssurdfk dqg duh edvhg rq

d qhzo| sursrvhg prgl�hg GhPrlyuh kd}dug ixqfwlrq dqg d fryduldwh0lghqwl�hg iudlow|

prgho1 Erwk dssurdfkhv doorz xv wr prgho dqg lqyhvwljdwh wkh h�hfw ri khwhurjhqhlw|

lq d eurdg djh udqjh frpsulvlqj dgxow zrunlqj xs wr rog dqg roghvw0rog djhv1 Wkh

dqdo|vhv duh edvhg rq wkh Eulwlvk Orqjlwxglqdo Vwxg| wkdw fryhuv wkh shulrg 4<:404<<9/

dqg iroorzv xs wkh pruwdolw| ri frkruwv wkdw duh 83�:3 |hdu rog lq 4<:41 Rxu dqdo|vhv

lqglfdwh wkdw wkh sdwwhuqv ri pruwdolw| frqyhujhqfh ehwzhhq vrflrhfrqrplf jurxsv pd|

eh sulpdulo| dwwulexwhg wr fkdqjhv lq wkh iudlow| frpsrvlwlrq ri wkhvh vrflrhfrqrplf

jurxsv/ lqvwhdg ri ixqgdphqwdo gl�huhqfhv lq wkh surfhvv ri djlqj lwvhoi ru yduldwlrq lq

wkh h�hfw ri vrflrhfrqrplf ulvnv idfwruv ryhu wkh lqglylgxdov* olih frxuvh1 Rxu dqdo|vhv

vxjjhvw dovr wkdw wkh lqglylgxdo ulvn ri ghdwk pd| dulvh idvwhu wkdq h{srqhqwldo1

WSk1G1 vwxghqw dw wkh Pd{ Sodqfn Lqvwlwxwh iru Ghprjudsklf Uhvhdufk/ Grehudqhu Vwu1 447/ 4;38:
Urvwrfn/ Jhupdq|1 Who= .7<06;4053;40458/ Id{= .7<06;4053;40758/ Hpdlo= loldqd1nrkohuCghprju1psj1gh1

_Khdg ri Uhvhdufk Jurxs rq Vrfldo G|qdplfv dqg Ihuwlolw|/ Pd{ Sodqfn Lqvwlwxwh iru Ghprjudsklf
Uhvhdufk/ Grehudqhu Vwu1 447/ 4;38: Urvwrfn/ Jhupdq|1 Who= .7<06;4053;40456/ Id{= .7<06;4053;40756/
Hpdlo= nrkohuCghprju1psj1gh1

hIrxqglqj dqg h{hfxwlyh gluhfwru ri wkh Pd{ Sodqfn Lqvwlwxwh iru Ghprjudsklf Uhvhdufk/ Grehu0
dqhu Vwu1 447/ 4;38: Urvwrfn/ Jhupdq|1 Who= .7<06;4053;40435/ Id{= .7<06;4053;40535/ Hpdlo=
mzyCghprju1psj1gh1 Wkh ylhzv h{suhvvhg lq wklv sdshu duh wkh dxwkruv* rzq ylhzv dqg gr qrw qhfhv0
vdulo| uhsuhvhqw wkrvh ri wkh Pd{ Sodqfn Lqvwlwxwh iru Ghprjudsklf Uhvhdufk1

4
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Sdshu suhvhqwhg dw wkh 57wk LXVVS Jhqhudo Srsxodwlrq Frqihuhqfh/ Vdoydgru �

Eud}lo/ 4;�57 Dxjxvw 53341

Suholplqdu| yhuvlrq � sohdvh gr qrw txrwh zlwkrxw wkh shuplvvlrq ri wkh

dxwkruv1

+ wklv yhuvlrq= flip1wh{,

4 Lqwurgxfwlrq

Yduldwlrqv lq pruwdolw| e| djh/ vh{/ udfh2hwkqlflw| dqg vrflrhfrqrplf jurxsv kdyh ehhq

grfxphqwhg v|vwhpdwlfdoo| lq doo frxqwulhv rq wkh edvlv ri lqglylgxdo0 ru djjuhjdwh0ohyho

gdwd +Krxvh hw do1 4<<3> Ihlqvwhlq 4<<6> Suhvwrq dqg Wdxepdq 4<<7> Pdfnhqedfk dqg

Nxqvw 4<<8> Kxpphu hw do1 4<<;> Olx hw do1 4<<;> Ohrq 5334> Nrkohu 5334,1 Lq sduwlfx0

odu/ wzr sdwwhuqv ri pruwdolw| gl�huhqwldov duh ri d frqvlghudeoh uhvhdufk lqwhuhvw= gl�huhqw

ohyhov ri pruwdolw| h{shulhqfhg e| pdohv dqg ihpdohv/ ru e| vrflrhfrqrplf jurxsv/ dqg gli0

ihuhqwldo lqfuhdvhv ri wkh pruwdolw| kd}dug zlwk djh revhuyhg e| vh{ dqg ydulrxv srsxodwlrq

jurxsv1 Zkloh gl�huhqfhv lq wkh ohyho ri pruwdolw| e| djh jurxs/ vh{ dqg vrflrhfrqrplf

jurxs duh yhu| zhoo grfxphqwhg iru pdq| frxqwulhv +vhh iru h{dpsoh Ydonrqhq dqg Pduwholq

4<;;> Ydonrqhq 4<;:> Ydonrqhq dqg Pduwlndlqhq 4<<8> Greokdpphu 4<<9> Kxpphu hw do1

4<<9> Guhyhu hw do1 4<<9> Zlooldpv 4<<3,/ yhu| ihz vwxglhv dgguhvv h{solflwo| wkh txhvwlrq

ri gl�huhqfhv lq wkh lqfuhdvh ri wkh pruwdolw| kd}dug zlwk djh +h{fhswlrqv lqfoxgh Krul0

xfkl dqg Frdoh 4<<3> Jdyulory dqg Jdyuloryd 4<<4> Fduh| dqg Olhgr 4<<8> Krulxfkl dqg

Zloprwk 4<<:> Nrkohu dqg Nrkohu 5333,1

Wkh suhydlolqj irfxv lq wkh hslghplrorjlfdo dqg ghprjudsklf olwhudwxuh rq gl�huhqfhv

lq wkh ohyho ri pruwdolw| lv vxusulvlqj vlqfh wkh wzr fkdudfwhulvwlfv ri pruwdolw| gl�huhqwldov�

ohyho dqg lqfuhdvh e| djh�duh forvho| dvvrfldwhg zlwk hdfk rwkhu1 Iru lqvwdqfh/ lw lv zhoo

grfxphqwhg wkdw pdoh pruwdolw| h{fhhgv ihpdoh pruwdolw| lq pdq| srsxodwlrqv/ dqg wkdw

wklv ihpdoh dgydqwdjh lq vxuylydo riwhq glplqlvkhv zlwk djh1 Pdoh dqg ihpdoh pruwdolw|

wkxv whqg wr frqyhujh dw roghu djh1 Vhyhudo hslghplrorjlfdo dqg ghprjudsklf vwxglhv kdyh

revhuyhg vlplodu sdwwhuqv ri pruwdolw| fkdqjh zlwk djh dovr ehwzhhq udfh2hwkqlflw|/ ru

vrflrhfrqrplf jurxsv wkdw duh vxemhfw wr txlwh gl�huhqw pruwdolw| ohyhov dw dgxow zrunlqj
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djhv exw qrw qhfhvvdulo| dw roghu djhv +Dqwrqryvn| 4<9:> Nlwljdzd dqg Kdxvhu 4<:6>

Sdssdv hw do1 4<<6> Suhvwrq dqg Wdxepdq 4<<7> Greokdpphu 4<<9> Pduwholq hw do1 4<<;>

Oldr hw do1 4<<<> Olx hw do1 4<<;> Nrkohu 5334,1 Wklv revhuydwlrq/ krzhyhu/ lpsolhv d

gl�huhqw sdwwhuq ri pruwdolw| lqfuhdvh zlwk djh dqg frqvhtxhqwo| d frqyhujhqfh ru hyhq d

furvvryhu ri wkh pruwdolw| wudmhfwrulhv e| vrflrhfrqrplf jurxs dw rog dqg roghvw0rog djhv1

Lq vxppdu|/ wkh h{lvwlqj vwxglhv frqylqflqjo| vxjjhvw srwhqwldo lqwhudfwlrqv ehwzhhq

wkh ohyho dqg lqfuhdvh ri pruwdolw| dfurvv djh/ vh{ dqg vrflrhfrqrplf jurxsv1 Krzhyhu/

qhlwkhu wkh qdwxuh qru wkh phfkdqlvpv ri wklv uhodwlrqvkls duh ixoo| xqghuvwrrg1 Lq sduwlf0

xodu/ ghvslwh wkh dpsoh hylghqfh rq h{lvwlqj vh{ dqg vrflrhfrqrplf pruwdolw| gl�huhqwldov

e| djh/ prvw ri wkh h{lvwlqj vwxglhv gr qrw dgguhvv wkh txhvwlrq ri frpsrvlwlrqdo fkdqjhv

wkdw rffxu ryhu wlph zkhq gl�huhqw vrflrhfrqrplf jurxsv djh1 Iru lqvwdqfh/ zkhq d

frkruw ri lqglylgxdov ghfolqhv gxh wr pruwdolw|/ wklv uhvxowv lq d fkdqjh ri lwv iudlow| frp0

srvlwlrq1 Frkruwv zlwk kljk lqlwldo pruwdolw| ohyhov xqghujr d idvwhu vhohfwlrq wrzdugv ohvv

iudlo lqglylgxdov/ dqg wkh vxuylyruv zrxog whqg wr kdyh orz pruwdolw| ohyhov1 Wkh revhuyhg

djh0vshfl�f pruwdolw| wudmhfwrulhv wkhuhiruh uh hfw erwk/ frpsrvlwlrqdo fkdqjhv wkdw rf0

fxu gxh wr vhohfwlrq irufhv dv zhoo dv lqglylgxdo0ohyho fkdqjhv wkdw dffrpsdq| wkh djlqj

surfhvv ri phq dqg zrphq/ ru gl�huhqw vrflrhfrqrplf jurxsv1 Li wkh hpslulfdo dqdo|vhv

gr qrw glvwlqjxlvk ehwzhhq wkhvh wzr w|shv ri ghprjudsklf fkdqjh�lqglylgxdo0ohyho yhuvxv

srsxodwlrq fkdqjhv�wkhq wklv pd| uhvxow lq plvohdglqj frqfoxvlrqv derxw wkh h�hfw dqg

lqwhusod| ri vrph lqglylgxdo0ohyho fkdudfwhulvwlfv zlwk djh1

Lq wklv sdshu zh lqyhvwljdwh wkh uroh ri vhohfwlyh irufhv lq wkh frqyhujhqfh ri wkh pru0

wdolw| wudmhfwrulhv e| vh{ dqg vrflrhfrqrplf jurxsv revhuyhg dw rog dqg roghvw0rog djhv1

Wkh dqdo|vhv duh edvhg rq frkruw gdwd rewdlqhg iurp wkh Eulwlvk Orqjlwxglqdo Vwxg| +OV,

dqg fryhu wkh shulrg 4<:404<<:1 Zh h{dplqh zlwk wkhvh gdwd zkhwkhu dqg krz wkh h�hfw

ri �{hg vrflrhfrqrplf fkdudfwhulvwlfv/ vxfk dv hgxfdwlrq/ fkdqjhv ryhu wkh olih vsdq ri

lqglylgxdov1 Lq sduwlfxodu/ d fhqwudo frqfhuq lq rxu sdshu lv zkhwkhu wkh revhuyhg frqyhu0

jhqfh ri vrflrhfrqrplf gl�huhqwldov dqg srvvleoh furvvryhu ri wkh pruwdolw| wudmhfwrulhv e|

hgxfdwlrq dw rog dqg roghvw0rog djhv pd| eh h{sodlqhg sulpdulo| e| d gl�huhqwldo vshhg ri

vhohfwlrq rshudwlqj dprqj gl�huhqw hgxfdwlrqdo jurxsv1 Iru h{dpsoh/ hgxfdwlrqdo jurxsv

h{shulhqfh vxevwdqwldoo| gl�huhqw ohyhov ri pruwdolw| dw |rxqjhu djhv udqjlqj iurp orz
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pruwdolw| iru shrsoh zlwk kljk hgxfdwlrq wr kljk pruwdolw| iru shrsoh zlwk orz hgxfdwlrqdo

dwwdlqphqw/ dqg wkxv/ duh vxemhfw ri gl�huhqwldo vhohfwlrq irufhv ryhu wkh olih frxuvh ri

lqglylgxdov1

Dowhuqdwlyho|/ wkh gl�huhqwldo lqfuhdvh lq wkh irufh ri pruwdolw| shu |hdu ri djh pd|

eh h{sodlqhg e| d gl�huhqwldo djlqj surfhvv ehwzhhq pdohv dqg ihpdohv ru vrflrhfrqrplf

jurxsv udwkhu wkdq e| d vwurqjhu vhohfwlrq surfhvv ri wkh kljk pruwdolw| jurxsv1 Lq wklv

frqwh{w/ zh gh�qh wkh udwh ri djlqj e| wkh olih wdeoh djlqj udwh +ODU, +Krulxfkl dqg Frdoh

4<<3> Krulxfkl dqg Zloprwk 4<<:,1 Wkh ODU uh hfwv wkh h{whqw wr zklfk hdfk dgglwlrqdo

|hdu ri djh lv ghwulphqwdo iru dq lqglylgxdo wkurxjk d ydulhw| ri phfkdqlvpv wkdw frpelqhg

ohdg wr dq lqfuhdvh ri pruwdolw|1 Wklv lqfuhdvh lq wkh irufh ri pruwdolw| shu dgglwlrqdo

|hdu ri djh fdq gl�hu dfurvv vh{ dqg vrflrhfrqrplf jurxsv gxh wr wkh lqvwdqwdqhrxv dqg

fxpxodwlyh h�hfw ri idfwruv vxfk dv elrorjlfdo dqg jhqhwlf gl�huhqfhv/ gl�huhqwldo nqrzohgjh

dqg uhvrxufhv dydlodeoh iru khdowk fduh/ shuvlvwhqw gl�huhqfhv lq khdowk uhohydqw ehkdylru

vxfk dv vprnlqj ru dofrkro frqvxpswlrq/ gl�huhqwldo h{srvxuh wr hqylurqphqwdo kd}dugv/

dqg rwkhu ghwhuplqdqwv ri khdowk wkdw ydu| v|vwhpdwlfdoo| dfurvv vh{ dqg vrflrhfrqrplf

jurxsv1

Wr xqghuvwdqg wkh g|qdplfv wkdw xqghuolh wkh frqyhujhqfh dqg srvvleoh furvvryhuv ri

wkh pruwdolw| wudmhfwrulhv e| vh{ dqg2ru vrflrhfrqrplf jurxsv dw roghu djhv/ wkh hpslulfdo

dqdo|vhv qhhg wr frqvlghu dqg lqfrusrudwh wkh h�hfw ri khwhurjhqhlw| douhdg| dw dgxow

zrunlqj djhv1 Wklv uhodwlyho| hduo| rqvhw ri d vhohfwlrq ri wkh srsxodwlrq wrzdugv orz0

iudlow| lqglylgxdov lv vxssruwhg e| uhfhqw hylghqfh iurp wzlq vwxglhv/ zklfk vxjjhvw wkdw

xqrevhuyhg khwhurjhqhlw| dqg vhohfwlrq duh lpsruwdqw iru wkh hvwlpdwlrq ri wkh pruwdolw|

sdwwhuqv douhdg| dw |rxqjhu djhv/ dqg qrw rqo| dw roghvw0rog djhv +Fdvhool hw do1 5333>

Ldfklqh hw do1 4<<;,1 Lq dgglwlrq/ wkhvh dqg dovr vrph rwkhu vwxglhv vxjjhvw wkdw kxpdq

pruwdolw| grhv qrw lqfuhdvh zlwk djh dw d frqvwdqw udwh wkurxjk dgxow djhv xqwlo yhu|

rog djhv/ exw wkh uhodwlyh lqfuhdvh ri wkh pruwdolw| kd}dug dw |rxqjhu djhv lv idvwhu wkdq

h{srqhqwldo +Pdqwrq hw do1 4<<8> Krulxfkl dqg Zloprwk 4<<:> Nrkohu dqg Nrkohu 5333,1

Krzhyhu/ lq wkh frqwh{w ri iudlow| prghov wklv lv sureohpdwlf/ ehfdxvh wkh vhohfwlrq surfhvv

rffxuv dw orzhu sdfh dw |rxqjhu djhv1 Wkxv/ wkh dssolfdwlrq ri uhodwlyh iudlow| prghov wr

dgxow djhv lv kdpshuhg e| wkh idfw wkdw wkh revhuyhg pruwdolw| sdwwhuqv dw zrunlqj djhv
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odfn wkh w|slfdo  dwwhqlqj ri wkh pruwdolw| fxuyh/ zklfk xvxdoo| lv ylvleoh zkhq wkh ohyho

ri pruwdolw| ehfrphv prghudwho| kljk dqg d vwurqj vhohfwlrq surfhvv wrzdugv orz0iudlow|

lqglylgxdov rshudwhv lq wkh revhuyhg srsxodwlrq1

Lq wklv sdshu/ zh lpsohphqw qhz vwdwlvwlfdo phwkrgv wkdw ryhufrph wkh hvwlpdwlrq

sureohp ri iudlow| prghov dw |rxqjhu +zrunlqj, djhv1 Lq sduwlfxodu/ wkh dqdo|vhv frpsduh

d qrq0sdudphwulf +wkh fryduldwh0lghqwl�hg iudlow| prgho, zlwk d sdudphwulf dssurdfk +wkh

prgl�hg GhPrlyuh kd}dug ixqfwlrq sursrvhg e| Nrkohu dqg Nrkohu 5333,1 Erwk prghov

doorz wkh edvholqh kd}dug wr lqfuhdvh idvwhu wkdq h{srqhqwldoo| dw dgxow djhv1 Krzhyhu/

zkloh wkh GhPrlyuh kd}dug ixqfwlrq lpsrvhv d vshfl�f sdudphwulf irup rq wkh edvholqh

kd}dug ri pruwdolw|/ wkh fryduldwh0lghqwl�hg iudlow| prgho lv hvwlpdwhg qrqsdudphwulfdoo|

xvlqj d slhfhzlvh0frqvwdqw sursruwlrqdo kd}dug hvwlpdwlrq ri wkh edvholqh pruwdolw| sdw0

whuq1

Wkh uhpdlqghu ri wklv sdshu lv vwuxfwxuhg dv iroorzv1 Vhfwlrq 5 suhvhqwv dqg glvfxvvhv

wkh fryduldwh0lghqwl�hg iudlow| prgho dqg wkh GhPrlyuh kd}dug ixqfwlrq1 Lq Vhfwlrq 6 zh

ghvfuleh wkh Eulwlvk Orqjlwxglqdo Vwxg|/ rq zklfk rxu dqdo|vhv duh edvhg1 Wkh iroorz0

lqj Vhfwlrq 7 glvfxvvhv wkh vhohfwlrq k|srwkhvlv yhuvxv d gl�huhqwldo djlqj surfhvv dv dq

h{sodqdwlrq ri wkh frqyhujhqfh ri pruwdolw| wudmhfwrulhv dw roghu djhv e| hgxfdwlrq ru vr0

flrhfrqrplf vwdwxv1 Wkh qh{w Vhfwlrq 8 suhvhqwv wkh uhvxowv dqg frpsduhv lq sduwlfxodu wkh

hvwlpdwhv rewdlqhg iurp wkh GhPrlyuh yhuvxv slhfhzlvh0frqvwdqw hvwlpdwlrq ri yduldqfh lq

iudlow|1 Vhfwlrq 9 glvfxvvhv wkh lpsolfdwlrq ri iudlow| rq wkh hvwlpdwhv ri olih h{shfwdqf|/

dqg irfxvhv rq wkh gl�huhqfh ehwzhhq lqglylgxdo yhuvxv srsxodwlrq olih h{shfwdqf|1 Wkh

odvw vhfwlrq : vxppdul}hv dqg glvfxvvhv wkh uhvxowv1

5 Phwkrgv= Sdudphwulf yhuvxv Qrqsdudphwulf Dssurdfk

iru Iudlow| Prghoolqj dw Dgxow Djhv

Lq wkh vhohfwlrq k|srwkhvlv/ wkh uhodwlyh h�hfw ri d �{hg vrflrhfrqrplf fkdudfwhulvwlf/

vxfk dv hgxfdwlrq/ rq wkh pruwdolw| kd}dug lv dvvxphg wr eh frqvwdqw ryhu wkh olih vsdq

dqg grhv qrw fkdqjh zlwk djh +dv lqglfdwhg e| pdq| ghprjudsklf dqg hslghplrorjlfdo

vwxglhv,1 Wklv k|srwkhvlv lpsolhv wkdw pruwdolw| ri lqglylgxdov zlwk wkh vdph uhodwlyh
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iudlow| lv pruh ru ohvv sursruwlrqdo lq gl�huhqw vrflrhfrqrplf jurxsv/ zkloh wkh revhuyhg

pruwdolw| wudmhfwrulhv h{klelw d sdwwhuq ri frqyhujhqfh ru furvvryhuv wkdw rffxuv sulpdulo|

gxh wr gl�huhqwldo vhohfwlrq irufhv rshudwlqj dprqj wkhvh vrflrhfrqrplf jurxsv1

Lq wklv vhfwlrq zh h{dplqh wzr pdwkhpdwlfdo prghov lq rughu wr ehwwhu xqghuvwdqg wkh

lpsdfw ri vhohfwlrq rq edvlf uhodwlrqv ehwzhhq vrflrhfrqrplf idfwruv dqg pruwdolw| gxulqj

wkh olih vsdq ri wkh lqglylgxdov1 Ehfdxvh rxu irfxv lv rq klgghq2xqrevhuyhg khwhurjhqhlw|/

zh uhvwulfw rxu dwwhqwlrq wr wkh vlpsoh fdvh zkhuh wkh fryduldwhv duh �{hg +udwkhu wkhq

fkdqjlqj ryhu wlph,1

Lq wkh �uvw prgho/ wkh fryduldwh lghqwl�hg iudlow| prgho +FLIP,/ zh pdnh qr vshfl�f

dvvxpswlrq derxw wkh djh0sdwwhuq ri wkh pruwdolw| dqg zh hvwlpdwh d slhfhzlvh0frqvwdqw

edvholqh kd}dug1 Lq wkh vhfrqg prgho/ zh dvvxph d vshfl�f sdudphwulf prgho ri wklv

edvholqh pruwdolw| kd}dug/ wkh prgl�hg GhPrlyuh kd}dug/ wkdw doorzv wkh dssolfdwlrq ri

uhodwlyh iudlow| prghov wr pruwdolw| dw dgxow dqg rog djhv1

Wkh qrqsdudphwulf prgho kdv wkh dgydqwdjh wkdw lw grhv qrw uhvwulfw wkh djh0sdwwhuq

ri wkh edvholqh kd}dug1 Vxfk dq hvwlpdwlrq ri wkh edvholqh kd}dug fdq eh ylhzhg dv eh0

lqj vxshulru ru dgydqwdjhrxv wr wkh sdudphwulf vshfl�fdwlrq hvshfldoo| lq odujh gdwdvhwv

wkdw frpshqvdwh iru wkh orvv ri suhflvlrq wkdw lv lqhylwdeoh dvvrfldwhg zlwk qrqsdudphwulf

phwkrgv1 Krzhyhu/ wkh prgho lv yhu| wlph0frqvxplqj lq wkh hvwlpdwlrq dqg lw grhv qrw

|lhog d srvvlelolw| wr vxppdul}h wkh djh0sdwwhuq ri pruwdolw| zlwk rqo| d ihz nh| dqg hdvlo|

lqwhusuhwhg sdudphwhuv1

Rxu vhfrqg hvwlpdwlrq edvhg rq wkh prgl�hg GhPrlyuh kd}dug ixqfwlrq ryhufrphv

wklv olplwdwlrq> lq sduwlfxodu/ wkh djh0sdwwhuq ri pruwdolw| lv vxppdul}hg�txlwh vlplodu dv

zlwk wkh Jrpshuw} prgho�lq whupv ri d ohyho sdudphwhu d dqg d vorsh sdudphwhu e1 Wklv

kd}dug lqfuhdvhv idvwhu wkdq h{srqhqwldo/ dqg zkhq frpelqhg zlwk xqrevhuyhg khwhurjhqh0

lw| lw fdq fdswxuh dq revhuyhg srsxodwlrq kd}dug wkdw lv dssur{lpdwhg e| d Jrpshuw} ru

Orjlvwlf pruwdolw| ixqfwlrq1 Pruhryhu/ vlqfh d ihz sdudphwhuv fdq eh xvhg wr ghvfuleh wkh

lqglylgxdo0 dqg srsxodwlrq0ohyho pruwdolw| kd}dug/ wkh hvwlpdwhv iurp wkh prgho fdq hdvlo|

eh xvhg wr fdofxodwh vwdqgdug olih0wdeoh ixqfwlrqv vxfk dv wkh olih0h{shfwdqf|1

Ehiruh zh surfhhg zlwk rxu hpslulfdo hvwlpdwlrqv/ zh eulh | uhylhz wkh fryduldwh lghq0

wl�hg iudlow| prgho dqg wkh prgl�hg GhPrlyuh kd}dug ixqfwlrq lq wkh iroorzlqj vhfwlrqv1
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514 Wkh Fryduldwh0Lghqwl�hg Iudlow| Prgho +FLIP,

Wkh edvlf dvvxpswlrq lq wkh fryduldwh0lghqwl�hg iudlow| prgho lv wkdw wkh pruwdolw| kd}dugv

e| vrflrhfrqrplf jurxsv/ frqglwlrqdo rq iudlow| }/ gl�hu rqo| e| d idfwru ri sursruwlrqdolw|1

Lq wklv fdvh/ lw lv srvvleoh wr frpelqh d Jdppd0glvwulexwhg uhodwlyh iudlow| zlwk d slhfhzlvh0

frqvwdqw kd}dug ixqfwlrq ��` +{, wkdw grhv qrw lpsrvh sdudphwulf uhvwulfwlrqv rq wkh

vkdsh ri wkh edvholqh pruwdolw| sdwwhuq1

Wkh fryduldwh0lghqwl�hg sursruwlrqdo kd}dug prgho zlwk xqrevhuyhg uhodwlyh iudlow| lv

vshfl�hg dv iroorzv1 Frqvlghu wkh djh0lqwhuydov +ff> f�`> = = = > +f�3�> f� `> = = = > +fg3�> fg ` wkdw

vhsdudwh wkh revhuyhg djh udqjh lqwr N glvmrlqw lqwhuydov1 Wkhq dvvxph wkdw wkh pruwdolw|

kd}dug/ frqglwlrqdo rq d iudlow| } @ 4 dqg wkh revhuyhg fryduldwhv |@/ lv frqvwdqw zlwklq

hdfk ri wkhvh djh lqwhuydov dqg htxdov d+|@,�� iru { 5 +f�3�> f�`1 Lq wklv vshfl�fdwlrq ��

lv wkh pruwdolw| kd}dug suhydlolqj lq wkh djh lqwhuydo +f�3�> f� `/ m @ 4> = = = >N/ dqg d+|@, lv

wkh idfwru ri sursruwlrqdolw| iru lqglylgxdov zlwk fkdudfwhulvwlfv |@1 Ghqrwh dv v�` +{, wkh

fruuhvsrqglqj vxuylydo ixqfwlrq dw djh {1 Wkh revhuyhg kd}dug dw djh { lq d khwhurjhqhrxv

srsxodwlrq zlwk d Jdppd0glvwulexwhg uhodwlyh iudlow| wkhq htxdov

���` +{, @
d+|@,��

+4� d+|@,�2 orj v�` +{,,
iru { 5 +f�3�> f�`= +4,

Ehfdxvh ri wkh qxphulfdo gl!fxowlhv lq hvwlpdwlqj wklv slhfhzlvh0frqvwdqw kd}dug ixqfwlrq

yld pd{lpxp olnholkrrg lq wkh suhvhqfh ri pdq| djh0lqwhuydov/ zh lpsohphqw d voljkw

dssur{lpdwlrq wr wkh kd}dug ixqfwlrq lq Htxdwlrq +4,1 Lq sduwlfxodu/ wkh gl!fxowlhv lq

wkh hvwlpdwlrq dulvh ehfdxvh wkh kd}dug ���` +{, lv qrw frqvwdqw zlwklq djh lqwhuydov1 Wklv

uhvxowv iurp wkh idfw wkdw wkh ydoxh ri wkh vxuylydo ixqfwlrq v�` +{, lq wkh ghqrplqdwru

ghfolqhv zlwk djh {1 Iru vx!flhqwo| vpdoo djh0lqwhuydov/ krzhyhu/ wkh h�hfw ri wklv fkdqjlqj

ydoxh ri wkh vxuylydo ixqfwlrq rq wkh revhuyhg kd}dug ���` +{, zlwklq dq djh lqwhuydo

lv vpdoo1 Wkh slhfhzlvh0frqvwdqw kd}dug ixqfwlrq zlwk uhodwlyh iudlow| fdq wkhuhiruh eh

dssur{lpdwhg e| uhsodflqj wkh ydoxh ri wkh vxuylydo ixqfwlrq v�` +{, lq Htxdwlrq +4,

zlwk wkh ydoxh ri wkh vxuylydo ixqfwlrq dw wkh plg0srlqw ri hdfk djh0lqwhuydo1 Zlwk wklv

dssur{lpdwlrq/ wkh revhuyhg kd}dug ���` +{, lv frqvwdqw zlwklq djh lqwhuydov dqg wkh POH

hvwlpdwlrq lv vxevwdqwldoo| vlpsol�hg1 Wkh fryduldwh0lghqwl�hg uhodwlyh iudlow| prgho lv
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hvwlpdwhg zlwk d frqvwdqw pruwdolw| ulvn zlwklq wzr0|hdu djh lqwhuydov1

515 Wkh GhPrlyuh Kd}dug Ixqfwlrq dqg Lwv Dssolfdwlrq wr Iudlow| Prg0

hov

Nrkohu dqg Nrkohu +5333, kdyh uhfhqwo| sursrvhg d prgl�hg GhPrlyuh kd}dug ixqfwlrq

wkdw lpsolhv d idvwhu lqfuhdvh ri wkh edvholqh kd}dug wkdq h{srqhqwldo dqg doorzv wr prgho

khwhurjhqhlw| dw dgxow dqg |rxqj rog djhv/ zklfk duh xvxdoo| zhoo �wwhg e| wkh Jrpshuw}

prgho1 Pruhryhu/ wkh GhPrlyuh kd}dug ixqfwlrq lv vxlwdeoh wr lqyhvwljdwh wkh k|srwk0

hvlv zkhwkhu wkh frqyhujhqfh ri pruwdolw| e| vh{ dqg vrflrhfrqrplf jurxsv lv phuho| d

uhvxow ri d gl�huhqwldo vhohfwlrq surfhvv dqg qrw wr gl�huhqwldo djlqj surfhvv ru fkdqjlqj

+glplqlvklqj, h�hfwv zlwk djh1

Lq sduwlfxodu/ wkh prgl�hg GhPrlyuh kd}dug ixqfwlrq/ ghqrwhg ��(/ kdv wkh iroorzlqj

irup=

��(+{, @ d
�
4� {

$

�3K/
> +5,

zkhuh d lv wkh ohyho0sdudphwhu ri pruwdolw|/ e lv wkh vorsh0sdudphwhu dqg vkrzv krz idvw

pruwdolw| lqfuhdvhv zlwk djh/ dqg $ fruuhvsrqgv wr d pd{lpxp dwwdlqdeoh djh dw ghdwk/

zklfk lq rxu hvwlpdwlrq lv vhw wr 455178 +Pdgdph*v Mhdqqh Fdophqw djh dw ghdwk,41 Wkh

h{lvwhqfh ri wklv pd{lpxp dwwdlqdeoh djh lpsolhv wkdw wkh pruwdolw| kd}dug lqfuhdvhv idvwhu

wkdq h{srqhqwldo/ hvshfldoo| zkhq { dssurdfkhv $1 Wkh fruuhvsrqglqj vxuylydo fxuyh v�(

lv jlyhq e|

v�(+{, @ h{s

�
� d$

e$ � 4

�
+4� {

$
,3EK/3�� � 4

��
= +6,

Wkh vorsh0sdudphwhu e lq Htxdwlrqv +5, dqg +6, qhhgv wr vdwlvi| e A �
/ lq rughu iru wkh

kd}dug dqg vxuylydo fxuyhv wr eh phdqlqjixo1 +Iru dq h{whqvlyh glvfxvvlrq ri wkh surshuwlhv

4Pdgdph Mhdqqh Fdophqw*v djh dw ghdwk � 455 |hduv dqg 8 prqwkv/ ru 455178 |hduv, lv fxuuhqwo| wkh
kljkhvw yhul�hg djh dw ghdwk1
Wkh sdudphwhu // zklfk lq rxu hvwlpdwlrqv lv vhw wr 455178 |hduv/ fdq eh dovr hvwlpdwhg gluhfwo| lq

dgglwlrq wr wkh uhpdlqlqj sdudphwhuv @ dqg K1 Krzhyhu/ Nrkohu dqg Nrkohu +5333, kdyh vkrzq wkdw wkh
hvwlpdwh ri / ghshqgv vwurqjo| rq wkh djh dw zklfk wkh gdwd duh fhqvruhg/ dqg wklv fdq |lhog dq lpsodxvleoh
hvwlpdwh ri /1
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ri wkh prgl�hg GhPrlyuh kd}dug ixqfwlrq vhh Nrkohu dqg Nrkohu 5333,1

Li zh dvvxph d Jdppd0glvwulexwhg uhodwlyh iudlow| +iroorzlqj wkh qrwdwlrq iurp Ydxsho

hw do1 4<:<, wkh revhuyhg kd}dug udwh dqg vxuylydo fxuyh lpsolhg e| wkh prgl�hg GhPrlyuh

kd}dug ixqfwlrq/ ghqrwhg e| ���(+{, dqg �v�(+{,/ kdyh wkh irup=

���(+{, @
��(+{,

4� �2 orj v�(+{,
+7,

dqg

�v�(+{, @ +4� �2 orj v�(+{,,3�*j
2

/ +8,

zkhuh ��(+{, dqg v�(+{, duh wkh kd}dug ixqfwlrq dqg vxuylydo fxuyh iru lqglylgxdov zlwk

d frqvwdqw iudlow| } @ 41

Wkh prgl�hg GhPrlyuh kd}dug ixqfwlrq kdv vhyhudo surshuwlhv wkdw pdnh lw d sodxvleoh

fkrlfh iru hvwlpdwlqj iudlow| prghov lq pruwdolw| lq wkh djh udqjh ehorz djh 4331 Wkh

kd}dug/ frqglwlrqdo rq d frqvwdqw iudlow| }/ lqfuhdvhv idvwhu wkdq h{srqhqwldo dqg djuhhv

kljko| zlwk qrqsdudphwulf hvwlpdwhv ri wkh djh sdwwhuq ri pruwdolw| +\dvklq hw do1 4<<8>

Fdvhool hw do1 5333> Nrkohu dqg Nrkohu 5333,1 Wkh revhuyhg kd}dug lpsolhg e| wkh prgl�hg

GhPrlyuh kd}dug ixqfwlrq/ rq wkh rwkhu kdqg/ fdq fdswxuh d eurdg udqjh ri pruwdolw|

sdwwhuqv wkdw duh frpprqo| hqfrxqwhuhg lq wkh dqdo|vlv ri pruwdolw| dw wkh djh udqjh

73�<31

6 Wkh Eulwlvk Orqjlwxglqdo Vwxg|

Wkh dqdo|vhv lq wklv sdshu duh edvhg rq wkh Eulwlvk Orqjlwxglqdo vwxg| +OV,15 Wkh Orq0

jlwxglqdo Vwxg| lv d gdwdvhw frpslohg iurp d olqndjh ehwzhhq wkh fhqvxv dqg ylwdo hyhqw

lqirupdwlrq iru rqh shufhqw ri wkh srsxodwlrq ri Hqjodqg dqg Zdohv1 Wkh ghprjudsklf

dqg vrflrhfrqrplf fkdudfwhulvwlfv ri wkh vdpsoh duh froohfwhg vlqfh 4<:4/ dqg rxu gdwd

fryhu d shulrg ri 59 |hduv frkruw iroorz0xs xqwlo Ghfhpehu 4<<:1

5Ghwdlohg lqirupdwlrq derxw wkh Orqjlwxglqdo Vwxg| +OV, lv dydlodeoh dw
kwws=22zzz1vwdwlvwlfv1jry1xn2wkhphv2frpshqgldbuhihuhqfh2duwlfohv2orqjlwxglqdo1dvs1
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Wdeoh 4= Vxppdu| vwdwlvwlfv ri wkh vdpsoh srsxodwlrq e| vh{ dqg w|sh ri h{lw iurp wkh
Orqjlwxglqdo Vwxg| +OV, lq 4<<:1

W|sh ri h{lw iurp wkh Orqjlwxglqdo Vwxg|
iru Hqjodqg dqg Zdohv

Pdohv Ihpdohv
Ghdg ehiruh 77/:;< 74/7:5
hqg ri vwxg| +::16:(, +96177(,

Hpljudwhg ehiruh 7;8 899
hqg ri vwxg| +31;7(, +31;:(,

Orvw wr iroorz0xs 5/65: 6/679
ehiruh hqg ri vwxg| +7135(, +8145(,

Dolyh dw wkh 43/5;; 4</<;;
hqg ri vwxg| +4:1::(, +6318;(,

Wrwdo 8:/;;< 98/6:5

Rxu dqdo|vhv duh edvhg rq frkruwv ri phq dqg zrphq zkr zhuh dw ohdvw 83 |hduv rog dqg

glg qrw h{fhhg wkh djh ri :3 |hduv lq Dsulo 4<:41 Wkh wrwdo qxpehu ri phq lq wklv vhohfwhg

vdpsoh dw wkh ehjlqqlqj ri wkh revhuydwlrq shulrg lv 8:/;;< +791<9(,/ dqg wkh wrwdo qxpehu

ri zrphq lv 98/6:5 +86137(,1 Gxulqj wkh 59 |hduv ri iroorz0xs ri wkhvh frkruwv/ 77/:;<

+::16:(, phq dqg 74/7:5 +96177(, zrphq glh ehiruh wkh hqg ri wkh revhuydwlrq shulrg lq

4<<:1 43/5;; +4:1::(, phq dqg 4</<;; +6318;(, zrphq ri wkh lqlwldo vdpsoh srsxodwlrq

duh vwloo dolyh dw wkh hqg ri wkh revhuydwlrq shulrg1 Wdeoh 4 vxppdul}hv rxu vdpsoh e|

vh{ dqg w|sh ri h{lw iurp wkh vwxg|1 Zh h{foxgh iurp wkh dqdo|vhv wkrvh lqglylgxdov zkr

duh orvw wr iroorz0xs ehiruh wkh hqg ri wkh vwxg| ru kdyh hpljudwhg gxulqj wkh shulrg ri

revhuydwlrq1

Wkh fryduldwh hgxfdwlrq wkdw lv frqvlghuhg lq rxu dqdo|vhv/ lv phdvxuhg dw wkh ehjlqqlqj

ri wkh Orqjlwxglqdo Vwxg| lq 4<:41 Hgxfdwlrq fruuhvsrqgv wr wkh qxpehu ri |hduv ri

hgxfdwlrq d shuvrq kdv kdg lq 4<:41 Dv rxu dqdo|vhv frqvlghu rqo| hoghuo| phq dqg

zrphq lq wkh djh udqjh 83 wr :3 |hduv/ hgxfdwlrq lv d wlph0lqyduldqw fryduldwh1
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Wdeoh 5= Uhodwlyh ulvnv e| vh{ dqg hgxfdwlrq hvwlpdwhg iurp d slhfhzlvh0frqvwdqw sursru0
wlrqdo kd}dug prgho1

Djh Jurxsv
83�:3 |uv :3�<3 |uv 83�:3 |uv :3�<3 |uv

Pdohv Ihpdohv
Kljk hgxfdwlrq 4 4 4 4
Phglxp hgxfdwlrq 416;-- 4156-- 413; 4133
Orz hgxfdwlrq 4186-- 416<-- 4159-- 414<--
Xqnqrzq hgxfdwlrq 5136-- 4188-- 4196-- 4168--

Qrwhv= Vwdqgdug huuruv duh qrw uhsruwhg1 s0ydoxhv= n s ? 3138> - s ?
3134> -- s ? 313341

7 Wkh H�hfw ri Hgxfdwlrq ryhu wkh Olih Vsdq � Vhohfwlrq ru

Gl�huhqwldo Djlqj Surfhvv

Frqvlghu Wdeoh 5 wkdw uh hfwv wkh uhodwlyh ulvnv ri pruwdolw| e| hgxfdwlrq h{shulhqfhg

e| phpehuv ri wkh frkruwv eruq 4<34�4<54 gxulqj wzr gl�huhqw djh udqjhv/ 83�:3 |hduv

dqg :3�<3 |hduv1 Wkhvh uhodwlyh ulvnv duh rewdlqhg iurp d slhfhzlvh0frqvwdqw sursruwlrqdo

kd}dug prgho wkdw lv hvwlpdwhg vhsdudwho| iru phq dqg zrphq lq wkhvh wzr djh udqjhv1

Wkh edvholqh kd}dug +qrw uhsruwhg lq wkh wdeoh, lv khog frqvwdqw zlwklq 50|hdu djh lqwhuydov/

dqg wkh prgho doorzv wkh edvholqh kd}dug wr ydu| dfurvv wkhvh lqwhuydov1

Wkh hvwlpdwhv frqirup wr wkh zhoo hvwdeolvkhg judglhqw lq pruwdolw| nqrzq iurp h{0

whqvlyh uhvhdufk rq vrflrhfrqrplf pruwdolw| gl�huhqwldov= lqglylgxdov zlwk kljk hgxfdwlrq

kdyh wkh orzhvw pruwdolw| ulvn/ zkloh ohvv hgxfdwhg phq dqg zrphq duh h{srvhg wr d frq0

vlghudeo| kljkhu ulvn ri ghdwk gxulqj wkhlu olih1 Iru h{dpsoh/ 83 wr :3 |hduv rog phq zkrvh

hgxfdwlrq lv xqnqrzq/ kdyh derxw wzr wlphv kljkhu ulvn ri ghdwk dv frpsduhg wr kljko|

hgxfdwhg phq lq Hqjodqg dqgZdohv1 Wklv judglhqw lq pruwdolw| shuwdlqv dovr wr wkh ihpdoh

frkruwv/ dowkrxjk wkh uhodwlyh gl�huhqwldov lq wkh ulvn ri ghdwk duh vpdoohu iru ihpdohv dv

wkh rqhv revhuyhg iru wkh pdoh srsxodwlrq1 Iru h{dpsoh/ wkh gl�huhqfh lq wkh uhodwlyh ulvn

ri ghdwk ehwzhhq zrphq zlwk phglxp dqg kljk hgxfdwlrq lv qrw vwdwlvwlfdoo| vljql�fdqw

dw djhv 83�:3 |hduv dqg hyhq glplqlvkhv frpsohwho| dw roghu djhv1 Vlplodu frqyhujhqfh lq

wkh uhodwlyh ulvnv ri ghdwk lv dovr hvwlpdwhg iru wkh pdoh dqg ihpdoh frkruwv lq rwkhu hgx0

fdwlrqdo jurxsv/ zkhq wkh| duh :3�<3 |hduv rog1 Zkhq wkh frkruwv duh :3�<3 |hduv rog/ wkh
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gl�huhqfh lq wkh ulvn ri ghdwk ehwzhhq phq zlwk xqnqrzq dqg kljk hgxfdwlrq glplqlvkhv

wr 4188 +dv frpsduhg wr 5136 dw |rxqjhu djhv,/ dqg phq zlwk orz hgxfdwlrq kdyh d 6<(

kljkhu ulvn ri ghdwk dv frpsduhg wr kljko| hgxfdwhg phq/ zkrvh ulvn ri ghdwk dw |rxqjhu

djhv lv derxw 86( orzhu1 Vlploduo|/ wkh uhodwlyh gl�huhqfhv lq pruwdolw| glplqlvk dovr iru

wkh ihpdoh frkruwv vr wkdw orz hgxfdwhg zrphq dw djhv :3�<3 |hduv kdyh 4<( kljkhu ulvn

ri ghdwk/ lq frqwudvw wr |rxqjhu djhv/ zkhq wkhlu ulvn ri ghdwk lv 4156 wlphv kljkhu dv

frpsduhg wr ihpdohv zlwk kljk hgxfdwlrq1

Wkh frkruw0edvhg hvwlpdwhv lq Wdeoh 5 vxjjhvw wkdw wkh uhodwlyh h�hfw ri hgxfdwlrq

ghfolqhv zkhq wkh frkruwv djh/ dqg wkh pruwdolw| wudmhfwrulhv e| hgxfdwlrq pd| hyhq frq0

yhujh dw roghvw0rog djhv1 Krzhyhu/ lqihuhqfhv derxw wkh fkdqjhv lq wkh h�hfw dqg sdwwhuq ri

lqglylgxdo fkdudfwhulvwlfv vxfk dv hgxfdwlrq ryhu wkh olih vsdq ri lqglylgxdov duh srwhqwldoo|

eldvhg li zh gr qrw frqvlghu wkdw wkh revhuyhg pruwdolw| sdwwhuqv iru wkh uhvshfwlyh srs0

xodwlrqv pd| vxevwdqwldoo| ghyldwh iurp wkh pruwdolw| g|qdplfv rq lqglylgxdo ohyho +vhh

dovr Ydxsho dqg \dvklq 4<;8,1 Lq wklv frqwh{w/ lw lv lpsruwdqw wr dvn zkhwkhu wkh revhuyhg

frqyhujhqfh ri wkh pruwdolw| wudmhfwrulhv e| hgxfdwlrq dw roghu djhv wkdw lv pruh ru ohvv

xqlyhuvdo dfurvv sodfh/ rffxuv gxh wr fkdqjhv lq wkh lqlwldo frpsrvlwlrq ri wkh uhvshfwlyh

hgxfdwlrqdo jurxsv1 Wklv lpsolhv wkdw wkh vxuylylqj srsxodwlrq e| hgxfdwlrq dw rog djhv

gl�huv iurp wkh lqlwldo srsxodwlrq revhuyhg dw |rxqjhu djhv/ dqg wkxv/ wkh pruwdolw| wud0

mhfwrulhv frqyhujh gxh wr wkh h�hfw ri gl�huhqwldo sdfh ri vhohfwlrq dfurvv jurxsv ri shrsoh

zlwk gl�huhqw ghjuhhv ri hgxfdwlrq1

Wkh vhohfwlrq k|srwkhvlv lpsolhv wkdw wkh h�hfw ri lqglylgxdo0ohyho fkdudfwhulvwlfv vxfk

dv hgxfdwlrq wkdw duh �{hg uhodwlyho| hduo| lq wkh olih vsdq ri lqglylgxdov uhpdlqv vwdeoh

ryhu wkh olih frxuvh/ dqg wkh revhuyhg ghfolqh ri hgxfdwlrqdo gl�huhqwldov dw roghu djhv lv

lq idfw d ckhwhurjhqhlw| uxvh* +Ydxsho dqg \dvklq 4<;8, gxh wr g|qdplfv ri srsxodwlrq

vhohfwlrq1 Li zh dvvxph wkdw wkh h�hfw ri hgxfdwlrq ru vrflrhfrqrplf vwdwxv lv �{hg ryhu

wkh olih vsdq ri lqglylgxdov/ wklv zrxog vxjjhvw wkdw pruwdolw| ri lqglylgxdov zlwk wkh vdph

uhodwlyh iudlow| lv pruh ru ohvv sursruwlrqdo lq gl�huhqw vrflrhfrqrplf jurxsv/ zkloh wkh

revhuyhg pruwdolw| wudmhfwrulhv h{klelw d sdwwhuq ri frqyhujhqfh ru furvvryhuv wkdw rffxuv

sulpdulo| gxh wr gl�huhqwldo vhohfwlrq irufhv rshudwlqj dprqj wkhvh vrflrhfrqrplf jurxsv1

Dq dowhuqdwlyh h{sodqdwlrq ri wkh revhuyhg frqyhujhqfh dqg hyhq d furvv0ryhu ri pru0
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wdolw| gl�huhqwldov e| hgxfdwlrq lv wkdw shrsoh ehorqjlqj wr gl�huhqw vrflrhfrqrplf jurxsv

duh h{srvhg wr gl�huhqw hqylurqphqwv dqg ulvn idfwruv ryhu wkhlu olih/ dqg wkh lqwhudfwlrq ri

qdwxuh +jhqhwlf2elrorjlfdo lq xhqfhv rq ghyhorsphqw, dqg qxuwxuh +h{srvxuh wr gl�huhqw

hqylurqphqwdo ulvn idfwruv, pd| uhvxow dqg suredeo| fdxvh d gl�huhqwldo djlqj surfhvv1 Iru

h{dpsoh/ djlqj dv d surfhvv fdq eh edvlfdoo| ghwhuplqhg e| wkuhh pdlq grpdlqv � elrorj0

lfdo/ sv|fkrorjlfdo dqg vrfldo djlqj +Ehujhpdq 4<<:,1 Wkh elrorjlfdoo| ghwhuplqhg djlqj

surfhvv uhihuv wr wkh dqdwrplfdo dqg sk|vlrorjlfdo fkdqjhv ri wkh rujdqlvp wkdw rffxu ryhu

wlph16 Sv|fkrorjlfdo djlqj uhihuv wr djh0uhodwhg fkdqjhv lq ehkdylru dqg shuvrqdolw|/ frj0

qlwlyh delolwlhv dqg fkdqjhv lq wkh lqglylgxdo*v delolw| wr frsh dqg dgmxvw wr qhz vlwxdwlrqv

lq olih1 Wkh vrfldo djlqj lv dvvrfldwhg zlwk djh0uhodwhg fkdqjhv wkdw duh wr d odujh h{whqw

lq xhqfhg e| wkh lqglylgxdo*v vrfldo hqylurqphqw ru vrfldoo| lpsrvhg frqvwudlqwv1 Wkxv/

wkh vrfldo djlqj lv wr d odujh h{whqw ghwhuplqhg e| wkh lqglylgxdo*v vrfldo urohv dqg vwdwxv/

dffhvv wr ydulrxv uhvrxufhv/ dffhvv wr khdowk fduh idflolwlhv/ gl�huhqfhv lq wkh txdolw| ri

olylqj duudqjhphqwv/ hwf1 Lw lv reylrxv wkdw wkhvh wkuhh grpdlqv duh fohduo| uhodwhg wr hdfk

rwkhu/ dqg wkh lqglylgxdo djlqj surfhvv lwvhoi lv ghwhuplqhg e| d ydulhw| ri idfwruv wkdw

rshudwh vlpxowdqhrxvo|1

Pruhryhu/ shrsoh ehorqjlqj wr gl�huhqw vrflrhfrqrplf jurxsv gl�hu pruh ru ohvv lq

doo wkuhh grpdlqv wkdw ghwhuplqh wkh djlqj surfhvv1 Iru h{dpsoh/ d shuvrq zlwk kljk

hgxfdwlrq xvxdoo| hqmr|v d kljkhu vrfldo vwdwxv lq wkh vrflhw|/ d ehwwhu dffhvv wr uhvrxufhv/

zklfk doorzv iru d pruh vxffhvvixo dgmxvwphqw wr qhz vlwxdwlrqv dqg frslqj zlwk vwuhvvixo

olih hyhqwv1 Lq sduw/ wkh pdujlqdo lpsdfw ri djlqj rq pruwdolw| fdq eh dovr r�0vhw e| gli0

ihuhqwldo lqyhvwphqwv lq khdowk ru gl�huhqwldo dffhvv wr phglfdo fduh1 Vlploduo|/ nqrzohgjh

derxw khdowk suhyhqwlrq ru khdowk| olih vw|ohv wkdw gl�huv dfurvv vrfldo vwudwd/ fdq eh dq

lpsruwdqw idfwru lq xhqflqj wkh h{whqw wr zklfk djlqj udlvhv pruwdolw|1

Wkxv/ wkh gl�huhqwldo lqfuhdvh ri pruwdolw| revhuyhg e| vrflrhfrqrplf jurxsv pd|

lq idfw uh hfw d gl�huhqwldo djlqj surfhvv wkdw lv ghwhuplqhg e| dq lqwhusod| ri ydulrxv

hqylurqphqwdo ulvn idfwruv1 Lq wklv frqwhvw/ wkh h�hfw ri lqglylgxdo fkdudfwhulvwlfv +h1j1/

6H{wuhph h{dpsohv ri elrorjlfdoo| ghwhuplqhg djlqj surfhvv duh wkh Zhuqhu*v V|qgurph dqg wkh
Kxwfklqvrq0Jloirug V|qgurph1 Erwk duh dvvrfldwhg zlwk d uduh jhqhwlf glvrughu wkdw fdxvhv dq dffhohudwhg
djlqj surfhvv1 Krzhyhu/ wkh v|pswrpv ri wkhvh glvhdvhv dsshdu dw gl�huhqw djhv1 Zkloh wkh Kxwfklqvrq0
Jloirug V|qgurph dsshduv hduo| lq olih/ wkh rqvhw ri wkh Zhuqhu*v V|qgurph lv durxqg djh wkluw|1
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hgxfdwlrq, pd| fkdqjh gxulqj wkh olih vsdq vr wkdw dw rog dqg roghvw0rog djhv wkh lqwhu0

dfwlrq ri wkh rujdqlvp zlwk rwkhu hqylurqphqwdo idfwruv pd| ehfrph pruh lpsruwdqw iru

vxuylydo/ dqg wkh h�hfw ri idfwruv vxfk dv hgxfdwlrq ru vrfldo vwdwxv glplqlvkhv1

Lq rughu wr lqyhvwljdwh wkhvh sdwwhuqv/ zh surfhhg ixuwkhu zlwk wkh dssolfdwlrq ri iudlow|

prghov wkdw doorz iru wkh hvwlpdwlrq ri wkh h�hfw ri frpsrvlwlrqdo fkdqjhv rq wkh revhuyhg

pruwdolw| sdwwhuqv dqg whvw zkhwkhu d vhohfwlrq k|srwkhvlv pd| sodxvleo| h{sodlq wkh

frqyhujhqfh ri pruwdolw| gl�huhqwldov dw roghu djhv1

8 Uhvxowv

Wdeoh 6 vkrzv wkh uhvxowv rewdlqhg iru wkh pdoh frkruwv eruq 4<34�4<54 iurp wkh hvwl0

pdwlrq ri wkh prgl�hg GhPrlyuh kd}dug prgho dqg wkh fryduldwh0lghqwl�hg iudlow| prgho

+FLIP,1 Erwk ixqfwlrqv dvvxph d Jdppd0glvwulexwhg iudlow|1 Lq sduwlfxodu/ zh vshfli|

wzr gl�huhqw w|shv ri prgho hvwlpdwlrq1 Prgho 4 dqg Prgho 6 dvvxph wkdw wkh gl�huhqw

hgxfdwlrqdo jurxsv vkduh dq lghqwlfdo yduldwlrq lq lqglylgxdo0ohyho iudlow|/ dqg wkxv wkh

yduldqfh glvwulexwlrq iru �2 lv vhw htxdo iru wkh irxu hgxfdwlrqdo jurxsv1 Prgho 5 dqg

Prgho 7 surylgh dq h{whqvlrq wr wkh �uvw wzr prghov dqg lqfrusrudwh gl�huhqw yduldqfh

ri xqrevhuyhg khwhurjhqhlw| dprqj wkh hgxfdwlrqdo jurxsv1 Wklv vhfrqg vshfl�fdwlrq lv

edvhg rq wkh revhuydwlrq wkdw gl�huhqw hgxfdwlrqdo jurxsv duh fkdudfwhul}hg e| d juhdw

yduldwlrq lq olih vw|ohv/ vrflrhfrqrplf dqg rwkhu hqylurqphqwdo frqglwlrqv/ dqg wkxv/ pd|

gl�hu lq wkhlu iudlow| glvwulexwlrq1

Prgho 4/ zklfk lv edvhg rq wkh prgl�hg GhPrlyuh kd}dug ixqfwlrq/ hvwlpdwhv wkdw wkh

yduldqfh ri iudlow| lq wkh pdoh srsxodwlrq htxdov �2 @ h{s+�3=7667;, @ 3=981 Dffruglqj

wr wklv prgho/ derxw 7( ri wkh pdoh srsxodwlrq kdv d iudlow| ri } � =4/ derxw 64( kdyh d

iudlow| ri } � =8> zkhuhdv dssur{lpdwho| 44( kdyh d iudlow| ri } � =51

Wkh fryduldwh0lghqwl�hg iudlow| prgho krzhyhu/ hvwlpdwhv d orzhu yduldqfh ri iudlow|

dprqj pdohv lq Hqjodqg dqg Zdohv1 Dffruglqj wr wkh hvwlpdwhv lq Prgho 6/ wkh yduldqfh

glvwulexwlrq ri �2 @ h{s+�3=<4;84, @ 3=731 Wklv lpsolhv wkdw 1:;( ri wkh pdohv kdyh d

iudlow| ri } � =4/ 55( kdyh d iudlow| ri } � =8/ zkloh :( ri wkh pdohv kdyh d iudlow| ri } � 51

Prgho 5 dqg Prgho 7 uhsuhvhqw dq h{whqvlrq ri wkh deryh wzr prghov dqg doorz iru
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Wdeoh 6= Hvwlpdwhv ri wkh prgl�hg GhPrlyuh kd}dug prgho dqg wkh fryduldwh0lghqwl�hg
prgho zlwk d Jdppd0glvwulexwhg iudlow| iru pdoh frkruwv eruq 4<3404<541 +Wkh edvh0
olqh kd}dug ri wkh FLIP0prgho lv qrw uhsruwhg> Pruhryhu/ wkh prgho grhv qrw frqwdlq d
frqvwdqw vlqfh lw lv lqfoxghg lq wkh edvholqh kd}dug1,

Pdoh Pruwdolw| lq Hqjodqg dqg Zdohv/
Hvwlpdwhv iru Frkruwv eruq 4<34�4<54

Phwkrg GhPrlyuh Qrq0sdudphwulf
Prgho 4 Prgho 5 Prgho 6 Prgho 7

Vshfl�fdwlrq iru sdudphwhu �
�f +frqvwdqw, 071<:983 071<9<9; � �

+3137;8:,-- +31396:4,--
�� +Kljk 03168999 031649:< 0316447; 03163<;4
hgxfdwlrq, +3138457,-- +313:6:<,-- +3137<43,-- +313:754,--
�2 +Orz 314:634 314889; 31484<9 3148666
Hgxfdwlrq, +3137568,-- +3139437,n +3136;74,-- +31393:3,n

��+Xqnqrzq 317739; 3175658 316:8:8 317566:
hgxfdwlrq, +313893;,-- +313:<<3,-- +31388;;,-- +313:<<3,--
Vshfl�fdwlrq iru sdudphwhu �
�f +frqvwdqw, 313;9<; 313;:84 � �

+3133495,-- +313349:,--
Vshfl�fdwlrq iru sdudphwhu �
�f +frqvwdqw, 0317667; 0316;383 031<4;84 03166;5<

+313856;,-- +3144;<6,- +315:8;8,-- +3163:9<,
�� +Kljk 3143<45 3145;99
hgxfdwlrq, +31459;;, +314534;,
�2 +Orz 03137668 03137:93
hgxfdwlrq, +3143875, +3143673,
�� +Xqnqrzq 03137749 03138439
hgxfdwlrq, +314543:, +314587;,
Vshfl�fdwlrq iru sdudphwhu $
$ vhw wr vhw wr � �

455178 455178

Qrwhv= Vwdqgdug huuruv lq sduhqwkhvhv1 s0ydoxhv= n s ? 3138> - s ? 3134>
-- s ? 313341
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gl�huhqfhv lq wkh yduldqfh ri iudlow| dprqj hgxfdwlrqdo jurxsv1 Wkh GhPrlyuh kd}dug

prgho hvwlpdwhv wkdw pdohv zlwk kljk hgxfdwlrq uhsuhvhqw wkh prvw khwhurjhqhrxv jurxs

ri wkh pdoh srsxodwlrq1 Iru h{dpsoh/ wkh yduldqfh ri iudlow| dprqj kljko| hgxfdwhg pdohv

|lhogv dq hvwlpdwh ri �2 @ h{s+�=6;38.=43<4, @ 3=:91 Pdohv zlwk phglxp hgxfdwlrq kdyh

d yduldqfh ri iudlow| ri �2 @ 3=9;1 Dffruglqj wr wklv GhPrlyuh kd}dug vshfl�fdwlrq wkhuh

lv doprvw qr gl�huhqfh lq wkh iudlow| glvwulexwlrq ri phq zlwk orz dqg xqnqrzq hgxfdwlrq/

dqg erwk iudlow| glvwulexwlrqv gr qrw glyhujh vxevwdqwldoo| iurp wkh iudlow| glvwulexwlrq ri

pdohv zlwk phglxp hgxfdwlrq1 Orz dqg xqnqrzq hgxfdwlrqdo jurxsv uhsuhvhqw wkh ohdvw

khwhurjhqrxv pdoh srsxodwlrq dqg kdyh d yduldqfh lq iudlow| ri �2 @ 3=981

Wkh uhvxowv rewdlqhg iurp wkh fryduldwh0lghqwl�hg iudlow| prgho +Prgho 7, |lhog d kljkhu

yduldqfh ri iudlow| glvwulexwlrq dfurvv hgxfdwlrqdo jurxsv dv frpsduhg wr wkh hvwlpdwhv

edvhg rq wkh GhPrlyuh kd}dug ixqfwlrq lq Prgho 51 Krzhyhu/ wkh hvwlpdwhg sdwwhuq

ri yduldqfh lq iudlow| dfurvv gl�huhqw hgxfdwlrqdo jurxsv lv lghqwlfdo lq wkh sdudphwulf

dv zhoo dv lq wkh qrq0sdudphwulf dssurdfk1 Dffruglqj wr wkh qrq0sdudphwulf dssurdfk

+Prgho 7,/ wkh prvw khwhurjhqrxv jurxs lv uhsuhvhqwhg e| pdohv zlwk kljk hgxfdwlrq/

zkr kdyh d yduldqfh ri iudlow| �2 @ 3=;41 Pdohv zlwk phglxp hgxfdwlrq uhsuhvhqw d ohvv

khwhurjhqrxv jurxs +�2 @ 3=:4,1 Vlploduo| wr wkh prgl�hg GhPrlyuh prgho/ wkh fryduldwh0

lghqwl�hg iudlow| prgho hvwlpdwhv dovr wkdw wkhuh lv qr gl�huhqfh lq wkh iudlow| glvwulexwlrq

ri phq zlwk orz dqg zlwkrxw hgxfdwlrq1 Wkh prgho hvwlpdwhv d yduldqfh ri iudlow| lq erwk

hgxfdwlrqdo jurxsv ri �2 @ 3=9;1

Iljxuh 4 vkrzv wkh revhuyhg/ srsxodwlrq dqg lqglylgxdo kd}dug ri pruwdolw| rewdlqhg

iurp Prgho 5 dqg Prgho 7 lq Wdeoh 6/ zklfk dvvxph gl�huhqw iudlow| glvwulexwlrq ehwzhhq

wkh hgxfdwlrqdo jurxsv1 Wkh xsshu sdqho lq Iljxuh 4 vkrzv wkh uhvxowv edvhg rq wkh

prgl�hg GhPrlyuh kd}dug ixqfwlrq/ zkloh wkh orzhu sdqho vkrzv wkh �w ri wkh fryduldwh0

lghqwl�hg iudlow| prgho1 Dv Iljxuh 4 vkrzv/ wkh sdudphwulf dv zhoo dv wkh qrq0sdudphwulf

dssurdfk |lhog d yhu| jrrg �w ri wkh revhuyhu srsxodwlrq kd}dug iru pdohv1 Lq erwk ds0

surdfkhv/ wkh revhuyhg pruwdolw| kd}dugv frqyhujh dfurvv vrflrhfrqrplf jurxsv/ dqg wklv

frqyhujhqfh lv forvho| wudfhg e| wkh hvwlpdwhv ri wkh srsxodwlrq kd}dug1 Vlqfh wkh srsxod0

wlrq kd}dug lv sduwo| ghwhuplqhg e| fkdqjhv lq wkh iudlow| frpsrvlwlrq ri wkh srsxodwlrq/

lw grhv qrw uh hfw wkh djh sdwwhuq ri wkh lqglylgxdo pruwdolw| ulvnv1 Wkh hvwlpdwhv ri wkh
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Iljxuh 4= Revhuyhg/ srsxodwlrq dqg lqglylgxdo kd}dug iru pdohv edvhg rq wkh dvvxpswlrq
ri gl�huhqfhv lq wkh yduldqfh ri iudlow| ehwzhhq hgxfdwlrqdo jurxsv1 Xsshu judskv duh
edvhg rq Prgho 5 +prgl�hg GhPrlyuh kd}dug ixqfwlrq,/ orzhu judskv duh edvhg rq wkh
hvwlpdwhv iurp Prgho 7 +Fryduldwh0lghqwl�hg iudlow| prgho,1
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lqglylgxdo pruwdolw| kd}dug lq wkh uljkw judskv ri Iljxuh 4 krzhyhu/ vkrz wkdw rq wkh

lqglylgxdo ohyho wkh pruwdolw| wudmhfwrulhv e| hgxfdwlrq gr qrw frqyhujh/ exw lqfuhdvh lq d

sdudooho idvklrq1 Wklv dovr lpsolhv wkdw wkh hgxfdwlrqdo gl�huhqwldov lq pruwdolw| lq idfw gr

qrw glplqlvk zlwk djh/ exw uhpdlq frqvwdqw ryhu wkh olih vsdq ri lqglylgxdov1

Wkh uhvxowv vkrzq lq Iljxuh 4 dovr frqylqflqjo| vxjjhvw wkdw wkh lqglylgxdo kd}dug

ri pruwdolw| lqfuhdvhv idvwhu wkhq h{srqhqwldoo|/ dqg wklv sdwwhuq ri pruwdolw| lqfuhdvh lv

vlplodu lq erwk dssurdfkhv � wkh prgl�hg GhPrlyuh dqg wkh FLIP1 Krzhyhu/ wkh �jxuh

vkrzv dovr wkdw wkh lqfuhdvh lq wkh lqglylgxdo pruwdolw| kd}dug edvhg rq wkh prgl�hg

GhPrlyuh dssurdfk lv vorzhu dv frpsduhg wr wkh lqfuhdvh lq wkh lqglylgxdo ulvn ri ghdwk

zlwk djh hvwlpdwhg iurp wkh qrq0sdudphwulf dssurdfk1 Wklv sdwwhuq ri gl�huhqwldo lqfuhdvh

lq wkh lqglylgxdo pruwdolw| kd}dug lv frqvlvwhqw zlwk wkh hvwlpdwhv ri iudlow|1 Wkh FLIP

hvwlpdwhv d kljkhu yduldqfh ri iudlow| dfurvv vrflrhfrqrplf jurxsv/ zklfk uhvxowv lq d

vwhhshu lqfuhdvh ri wkh lqglylgxdo pruwdolw| kd}dug1

Wdeoh 7 vkrzv wkh uhvxowv iru wkh ihpdoh frkruwv eruq ehwzhhq 4<34�4<541 Prgho

8 lv edvhg rq wkh prgl�hg GhPrlyuh kd}dug ixqfwlrq dqg dvvxphv dq lghqwlfdo iudlow|

glvwulexwlrq dprqj ihpdohv1 Wkh prgho hvwlpdwhv d yduldqfh ri �2 @ h{s+�=:76;, @ 3=7;1

Dffruglqj wr wklv hvwlpdwh/ 4( ri wkh ihpdoh srsxodwlrq kdv d iudlow| ri } � =4/ derxw 58(

ri wkh ihpdohv kdyh d iudlow| ri } � =8/ zkhuhdv dssur{lpdwho| <( kdyh d iudlow| ri } � =81

Wkh fryduldwh0lghqwl�hg iudlow| Prgho :/ zklfk lv dovr edvhg rq wkh dvvxpswlrq wkdw wkh

hgxfdwlrqdo jurxsv kdyh dq lghqwlfdo iudlow| glvwulexwlrq/ hvwlpdwhv d vxevwdqwldoo| kljkhu

yduldqfh lq iudlow| dfurvv ihpdohv +�2 @ 3=;3, dv frpsduhg wr wkh prgl�hg GhPrlyuh

dssurdfk1 Prgho : hvwlpdwhv wkdw derxw 9( ri ihpdohv lq wkh vdpsoh kdyh d iudlow| ri

} � =4/ durxqg 68( kdyh d iudlow| ri } � =8/ dqg 45( ri wkh ihpdohv kdyh d iudlow| ri } � 51

Lq dqdorj wr wkh dqdo|vhv iru pdohv/ Prgho 9 dqg Prgho ; doorz iru gl�huhqfhv lq

wkh iudlow| frpsrvlwlrq dfurvv ihpdoh hgxfdwlrqdo jurxsv1 Lq wklv frqwh{w/ wkh GhPrlyuh

dssurdfk +Prgho 9, hvwlpdwhv wkdw wkhuh lv qr d vxevwdqwldo gl�huhqfh lq wkh iudlow| frp0

srvlwlrq ri ihpdohv zlwk kljk/ orz dqg xqnqrzq hgxfdwlrq1 Iru h{dpsoh/ wkh hvwlpdwhv

ri �2 iru orz hgxfdwhg zrphq dqg zrphq zlwk xqnqrzq hgxfdwlrq |lhogv d ydoxhv ri

�2 @ =7:/ zkloh wkh yduldqfh glvwulexwlrq ri iudlow| dprqj kljko| hgxfdwhg ihpdohv htxdov

3=781 Wkh ohdvw khwhurjhqrxv jurxs dprqj ihpdohv frqvlvwv ri zrphq zlwk phglxp hgx0
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Wdeoh 7= Hvwlpdwhv ri wkh prgl�hg GhPrlyuh kd}dug prgho dqg wkh fryduldwh0lghqwl�hg
prgho zlwk d Jdppd0glvwulexwhg iudlow| iru ihpdoh frkruwv eruq 4<3404<541 +Wkh edvh0
olqh kd}dug ri wkh FLIP0prgho lv qrw uhsruwhg> Pruhryhu/ wkh prgho grhv qrw frqwdlq d
frqvwdqw vlqfh lw lv lqfoxghg lq wkh edvholqh kd}dug1,

Ihpdoh Pruwdolw| lq Hqjodqg dqg Zdohv/
Hvwlpdwhv iru Frkruwv eruq 4<34�4<54

Phwkrg GhPrlyuh Qrq0sdudphwulf
Prgho 8 Prgho 9 Prgho : Prgho ;

Vshfl�fdwlrq iru sdudphwhu �
�f +frqvwdqw, 0818;46: 08198956 � �

+3138757,-- +3139<8<,--
�� +Kljk 03136936 3136379 03136;83 3135336
hgxfdwlrq, +3138:5<, +313:<38, +3139775, +313;37<,
�2 +Orz 31538;6 315;7<8 3156::; 315::34
hgxfdwlrq, +3137;9<,-- +3139985,-- +31393:;,-- +3139<;9,--
�� +Xqnqrzq 317563< 3183668 317<::5 3183597
hgxfdwlrq, +313884:,-- +313:8;<,-- +313;:38,-- +313;85:,--
Vshfl�fdwlrq iru sdudphwhu �
�f +frqvwdqw, 313:877 313:85< � �

+3133448,-- +313344:,--
Vshfl�fdwlrq iru sdudphwhu �
�f +frqvwdqw, 031:76;6 04155857 03155994 031;9639

+3139:56,-- +3169<:;,-- +3168858, +31<9;86,
�� +Kljk 3174<95 315:679
hgxfdwlrq, +316;4<8, +316669;,
�2 +Orz 317:;73 315<6:4
hgxfdwlrq, +3168897, +316;<79,
�� +Xqnqrzq 317;44: 315:<94
hgxfdwlrq, +3169779, +3176;85,
Vshfl�fdwlrq iru sdudphwhu $
$ vhw wr vhw wr � �

455178 455178

Qrwhv= Vwdqgdug huuruv lq sduhqwkhvhv1 s0ydoxhv= n s ? 3138> - s ? 3134>
-- s ? 313341
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fdwlrq +�2 @ 3=5<,1

Wkh FLIP hvwlpdwhv d kljkhu yduldqfh ri iudlow| dprqj ihpdohv dv frpsduhg wr wkh

sdudphwulf dssurdfk1 Lq sduwlfxodu wkh prgho hvwlpdwhv iru ihpdohv zlwk phglxp hgxfdwlrq

�2 @ 3=75/ zklfk lv frqvlghudeo| kljkhu dv frpsduhg wr wkh sdudphwulf hvwlpdwh1 Krzhyhu/

wkh qrq0sdudphwulf dssurdfk frq�upv wkh jhqhudo sdwwhuq ri iudlow| glvwulexwlrq dprqj

ihpdohv rewdlqhg iurp wkh GhPrlyuh prgho1 Wkh FLIP hvwlpdwhv dovr wkdw wkhuh lv qr

vxevwdqwldo gl�huhqfh lq wkh iudlow| frpsrvlwlrq ri ihpdohv zlwk kljk/ orz dqg xqnqrzq

hgxfdwlrq +�2 iru ihpdohv zlwk kljk hgxfdwlrq htxdov 3=88/ iru ihpdohv zlwk orz hgxfdwlrq

�2 @ 3=8:/ dqg iru ihpdohv zlwk xqnqrzq hgxfdwlrq �2 @ 3=89,1

Wkhvh gl�huhqfhv lq wkh hvwlpdwhg yduldqfh ri iudlow| ehwzhhq wkh GhPrlyuh kd}dug

prgho dqg wkh FLIP duh dovr uh hfwhg lq wkh gl�huhqwldo lqfuhdvh ri wkh lqglylgxdo edvholqh

kd}dug vkrzq lq wkh uljkw judskv ri Iljxuh 51 Wkh dqdo|vlv lq Iljxuh 5 lv edvhg rq wkh

dvvxpswlrq wkdw wkh hgxfdwlrqdo jurxsv gl�hu e| wkhlu iudlow| glvwulexwlrq1 Vlploduo| wr wkh

sdwwhuq hvwlpdwhg iru wkh pdoh srsxodwlrq/ Iljxuh 5 vkrzv wkdw wkh lqglylgxdo pruwdolw|

kd}dug wkdw lv hvwlpdwhg qrqsdudphwulfdoo|/ lqfuhdvh vwhhshu dv frpsduhg wr wkh hvwlpdwhg

edvholqh kd}dug iurp wkh GhPrlyuh dssurdfk +xsshu uljkw judsk lq Iljxuh 5,1 Qhyhuwkhohvv/

erwk dssurdfkhv vxjjhvw wkdw wkh pruwdolw| udwhv iru gl�huhqw vrflrhfrqrplf jurxsv zlwk d

frqvwdqw uhodwlyh iudlow| } @ 4 lqfuhdvh lq d sdudooho idvklrq1 Wklv frpprq uhvxow vxjjhvwv

wkdw wkh frqyhujhqfh ri wkh pruwdolw| wudmhfwrulhv e| vrflrhfrqrplf jurxsv pd| eh wudfhg

edfn wr gl�huhqfhv lq wkh vhohfwlrq surfhvv rshudwlqj dprqj gl�huhqw vrfldo vwudwd udwkhu

wkhq e| gl�huhqfhv lq wkh djlqj surfhvv lwvhoi1

9 Vhohfwlrq ru Gl�huhqwldo Djlqj � Zk| Grhv Lw PdwwhuB

Wkh surfhhglqj dqdo|vhv surylgh d frqylqflqj hylghqfh wkdw d vxevwdqwldo sduw ri wkh gl�hu0

hqwldo lqfuhdvh ri pruwdolw| e| vh{ dqg hgxfdwlrqdo jurxsv/ zklfk uhvxowv lq d frqyhujhqfh

ri wkh pruwdolw| wudmhfwrulhv dw roghu djhv/ fdq eh h{sodlqhg sulpdulo| e| wkh gl�huhqwldo

sdfh ri wkh vhohfwlrq surfhvv wkdw rshudwhv dprqj vrfldo vwudwd udwkhu wkhq e| d gl�huhq0

wldo djlqj surfhvv1 Lq wklv vhfwlrq/ zh sxuvxh wkhvh dqdo|vhv ixuwkhu dqg lqyhvwljdwh wkh

lpsolfdwlrq ri xqrevhuyhg khwhurjhqhlw| rq wkh hvwlpdwlrq ri ydulrxv olih wdeoh ixqfwlrqv1
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Iljxuh 5= Revhuyhg/ srsxodwlrq dqg lqglylgxdo kd}dug iru ihpdohv edvhg rq wkh dvvxpswlrq
ri gl�huhqfhv lq wkh yduldqfh ri iudlow| ehwzhhq hgxfdwlrqdo jurxsv1 Xsshu judskv duh edvhg
rq Prgho 9 +prgl�hg GhPrlyuh kd}dug ixqfwlrq,/ orzhu judskv duh edvhg rq wkh hvwlpdwhv
iurp Prgho ; +Fryduldwh0lghqwl�hg iudlow| prgho,1
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Lq sduwlfxodu/ zh glvfxvv wkh gl�huhqfh lq srsxodwlrq +frkruw, vxuylyruvkls dqg lqglylg0

xdo vxuylyruvkls edvhg rq wkh hvwlpdwhv iurp wkh prgl�hg GhPrlyuh kd}dug prgho zlwk

xqrevhuyhg khwhurjhqhlw|1

Wkh xsshu judsk ri Iljxuh 6 vkrzv wkh srsxodwlrq +frkruw, yhuvxv lqglylgxdo kd}dug

ri pruwdolw| iru pdohv zlwk phglxp dqg kljk hgxfdwlrq1 Wkh hvwlpdwhv duh edvhg rq wkh

prgl�hg GhPrlyuh kd}dug ixqfwlrq wkdw dvvxphv gl�huhqw iudlow| e| hgxfdwlrq +vhh Prgho

5 lq Wdeoh 6,1 Zkloh rq wkh srsxodwlrq ohyho zh revhuyh d  dwwhqlqj ri wkh pruwdolw|

wudmhfwru| dw djhv deryh ;3/ wkh pruwdolw| kd}dug ri dq lqglylgxdo zlwk d iudlow| } @ 4

lqfuhdvhv idvwhu wkhq h{srqhqwldoo|1 Pruhryhu/ rqfh zh frqwuro iru frpsrvlwlrqdo fkdqjhv

lq wkh srsxodwlrq wkdw rffxu wkh roghu wkh frkruwv ehfrph/ wkh pruwdolw| wudmhfwrulhv iru

kljk dqg phglxp hgxfdwlrq gr qrw frqyhujh dq|pruh1 Txlwh lq uhyhuvh/ wkh hgxfdwlrqdo

gl�huhqfhv lq pruwdolw| iru lqglylgxdov zlwk kljk dqg phglxp hgxfdwlrq uhpdlq vwdeoh

ryhu wkh olih vsdq ri lqglylgxdov1

Wkhvh gl�huhqfhv lq wkh lqfuhdvh ri wkh srsxodwlrq yhuvxv lqglylgxdo kd}dug ri pruwdolw|

duh dovr uh hfwhg lq wkh vxuylydo fxuyhv vkrzq lq wkh orzhu judsk ri Iljxuh 61 Dv wklv judsk

lqglfdwhv/ wkh frkruw vxuylyruvkls deryh djh 83 lv juhdwhu dv frpsduhg wr wkh vxuylydo ri wkh

cdyhudjh lqglylgxdo* dprqj wkh srsxodwlrq ri 830|hdu rog/ zkr kdv d iudlow| ri } @ 4= Wkh

vxuylydo fxuyh ri wklv lqglylgxdo lv vkliwhg wr wkh ohiw/ zklfk lpsolhv vkruwhu olih h{shfwdqf|

dv frpsduhg wr wkh frkruw olih h{shfwdqf|1 Lq sduwlfxodu/ wklv gl�huhqfh ehwzhhq lqglylgxdo

dqg frkruw vxuylyruvkls ehfrphv ylvleoh dw roghu djhv deryh :3 |hduv1

Iljxuh 7 vkrzv wkh lqglylgxdo dqg frkruw olih h{shfwdqf| dw djh 83 iru pdohv zlwk

phglxp dqg kljk hgxfdwlrq dv d ixqfwlrq ri wkh iudlow| } +Qrwh= olih h{shfwdqf| lv sorwwhg

rq d orjdulwkplf vfdoh,1 Wkh wzr sdudooho ixoo olqhv lq wkh xsshu judsk ri Iljxuh 7 uh hfw

wkh ohyho ri olih h{shfwdqf| iru kljk dqg phglxp hgxfdwlrq/ zklfk zh zrxog hvwlpdwh dw

djh 83 rq wkh edvlv ri wkh srsxodwlrq +frkruw, pruwdolw| kd}dug zlwkrxw frqvlghudwlrq ri

wkh iudlow| frpsrvlwlrq ri wkhvh frkruwv1 Rq wkh srsxodwlrq ohyho/ pdohv dw djh 83 zlwk

kljk hgxfdwlrq kdyh d uhpdlqlqj olih h{shfwdqf| ri 5:15; |hduv/ zkloh phq zlwk phglxp

hgxfdwlrq kdyh 515 |hduv vkruwhu olih h{shfwdqf| dqg kdyh d uhpdlqlqj olih h{shfwdqf| ri

5813; |hduv1

Wkh wzr grwwhg olqhv vkrz wkh lqglylgxdo olih h{shfwdqf| iru phq lq wkhvh wzr vr0
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Iljxuh 6= Xsshu judsk= frkruw yhuvxv lqglylgxdo pruwdolw| kd}dug iru pdohv zlwk kljk
dqg phglxp hgxfdwlrq1 Orzhu judsk= frkruw yhuvxv lqglylgxdo vxuylyruvkls iru pdohv
zlwk kljk dqg phglxp hgxfdwlrq1 Hvwlpdwhv duh edvhg rq wkh prgl�hg GhPrlyuh kd}dug
prgho/ Prgho 5 lq Wdeoh 61
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Iljxuh 7= Xsshu judsk= Frkruw dqg lqglylgxdo pdoh olih h{shfwdqf| iru kljk dqg phglxp
hgxfdwlrq dw djh 83 dv d ixqfwlrq ri iudlow| }1 Orzhu judsk= Ghqvlw| dqg fxpxodwlyh ghqvlw|
ixqfwlrqv ri iudlow| }1
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flrhfrqrplf jurxsv dv d ixqfwlrq ri wkh iudlow| }1 Wkh gl�huhqfh ehwzhhq wkh hvwlpdwhg

srsxodwlrq dqg lqglylgxdo olih h{shfwdqf| lqglfdwhv wkdw li zh gr qrw frqvlghu wkh iudlow|

frpsrvlwlrq dqg iudlow| glvwulexwlrq lq wkh srsxodwlrq/ zh whqg wr ryhuhvwlpdwh wkh vxu0

ylydo ri wkh dyhudjh lqglylgxdov zlwk d iudlow| ri } @ 4= Wklv lv hyhq pruh surqrxqfhg iru

lqglylgxdov zlwk d kljk iudlow| +h1j1/ } � 5,1 Wkh ghqvlw| dqg fxpxodwlyh ghqvlw| ixqfwlrqv

ri iudlow| sorwwhg lq wkh orzhu judsk ri Iljxuh 7 lqglfdwh wkdw derxw 87( ri lqglylgxdov

zlwk dq dyhudjh iudlow| } � 3=: kdyh lq idfw lqglylgxdo olih h{shfwdqf| wkdw lv vrphwlphv

vxevwdqwldoo| orzhu wkhq wkh hvwlpdwhg olih h{shfwdqf| rq d frkruw ohyho1

Lq vxppdu|/ wkh prvw lpsruwdqw lqvljkw iurp wkhvh dqdo|vhv lv wkdw olih h{shfwdqf| ri

wkh dyhudjh lqglylgxdo zlwk d iudlow| ri } @ 4 lv ehorz wkh dyhudjh olih h{shfwdqf| ri wkh

srsxodwlrq/ dqg li zh gr qr frqvlghu wkh lpsdfw ri khwhurjhqhlw| lq wkh dqdo|vhv/ zh whqg

wr ryhuhvwlpdwh lqglylgxdo vxuylydo1

Lq dgglwlrq/ wkh xsshu judsk ri Iljxuh 7 uhyhdov d yhu| lqwhuhvwlqj dvshfw ri krz wkh

h�hfw ri vrflrhfrqrplf idfwruv ghshqgv rq iudlow|1 Li zh frqvlghu lqglylgxdov zlwk orz iudlow|

+} � 3=8,/ wkhq zh gr qr revhuyh odujh uhodwlyh gl�huhqfhv lq lqglylgxdo olih h{shfwdqf|

ehwzhhq phq zlwk kljk dqg phglxp hgxfdwlrq1 Krzhyhu/ li zh pryh wr wkh uljkw wdlo

ri wkh iudlow| glvwulexwlrq/ wkdw lv/ zh frqvlghu lqglylgxdov zlwk d kljk iudlow| } � 4=8/

wkhq dv lqglfdwhg e| wkh xsshu judsk ri Iljxuh 7/ wkh revhuyhg uhodwlyh vrflrhfrqrplf

gl�huhqwldov lq lqglylgxdo olih h{shfwdqf| ehfrph vxevwdqwldoo| eljjhu dv frpsduhg wr wkh

sdwwhuq hvwlpdwhg iru orz0iudlow| lqglylgxdov1 Wklv uhvxow lqglfdwhv wkdw vrflrhfrqrplf ulvn

idfwruv duh lqghhg d yhu| lpsruwdqw ghwhuplqdqw ri lqglylgxdo vxuylydo1 Pruhryhu/ wkh

lpsdfw ri vrflrhfrqrplf idfwruv rq vxuylydo lv qrw htxdo iru doo lqglylgxdov/ exw wkh h�hfw

ri kdylqj d kljk hgxfdwlrq lv juhdwhu iru wkrvh lqglylgxdov zkr duh csodfhg* pruh wr wkh

uljkw vlgh ri wkh iudlow| glvwulexwlrq/ h1j1 kljk0iudlow| lqglylgxdov1

Ixuwkhupruh/ rq lqglylgxdo ohyho wkh h�hfw ri vrflrhfrqrplf idfwruv ydulhv dovr txlwh

vxevwdqwldoo| e| djh1 Dffruglqj wr rxu hvwlpdwhv/ li zh gr qrw frqvlghu iudlow|/ zh zrxog

hvwlpdwh wkdw pdohv zlwk kljk hgxfdwlrq kdyh derxw <( kljkhu olih h{shfwdqf| dw djh 83 dv

frpsduhg wr wkrvh zlw phglxp hgxfdwlrq1 Rq lqglylgxdo ohyho/ l1h1 iru lqglylgxdov zlwk d

iudlow| ri } @ 4/ wkh gl�huhqfh lq olih h{shfwdqf| ehwzhhq phq lq wkhvh wzr vrflrhfrqrplf

jurxsv dw djh 83 lv crqo|* 43( lq idyru ri kljko| hgxfdwhg phq1 Li zh frqvlghu rog phq dw
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djh ;3/ wkhq rxu hvwlpdwhv vkrz wkdw rq wkh frkruw ohyho zh zrxog hvwlpdwh wkdw rog phq

zlwk kljk hgxfdwlrq kdyh ;( kljkhu olih h{shfwdqf| dv frpsduhg wr wkrvh zlwk phglxp

hgxfdwlrq1 Krzhyhu/ rq wkh lqglylgxdo ohyho +} @ 4,/ kljko| hgxfdwhg phq kdyh 57(

kljkhu olih h{shfwdqf| dv frpsduhg wr wkrvh phq zlwk d phglxp hgxfdwlrq dqg d iudlow|

ri } @ 41 Wkxv/ rxu uhvxowv vxjjhvw wkdw zkloh rq wkh srsxodwlrq ohyho zh zloo hvwlpdwh

wkdw vrflrhfrqrplf gl�huhqwldov ehwzhhq gl�huhqw jurxsv glplqlvk zlwk djh/ lq idfw/ rq wkh

lqglylgxdo ohyho wkh gl�huhqfhv lq vxuylydo ehwzhhq hgxfdwlrqdo jurxsv ehfrph hyhq odujh

wkh roghu wkh srsxodwlrq lv1

: Frqfoxvlrqv

D shuydvlyh �qglqj lq wkh olwhudwxuh rq pruwdolw| gl�huhqwldov e| vh{/ hwkqlflw|/ dqg2ru

vrflrhfrqrplf vwdwxv lv wkh frqyhujhqfh dqg wkh furvvryhu ri wkh pruwdolw| wudmhfwrulhv dw

rog dqg roghvw0rog djhv1 Iru lqvwdqfh/ lw lv zhoo grfxphqwhg wkdw wkh revhuyhg vrflrhfr0

qrplf pruwdolw| gl�huhqwldov duh odujhvw dw dgxow zrunlqj djhv dqg glplqlvk dw roghu djhv/

zklfk vxjjhvwv wkdw wkh h�hfw ri ydulrxv vrflrhfrqrplf fkdudfwhulvwlfv ghfolqhv judgxdoo|

zlwk djh1 Krzhyhu/ li wkh hpslulfdo dqdo|vhv gr qrw frqvlghu wkh frpsrvlwlrqdo fkdqjhv

wkdw rffxu gxh wr vhohfwlrq irufhv rshudwlqj dprqj wkh srsxodwlrq dw ulvn/ rxu frqfoxvlrqv

derxw wkh h�hfw dqg lqwhusod| ri vrph lqglylgxdo0ohyho fkdudfwhulvwlfv zlwk djh pd| eh

eldvhg1 Lq wklv sdshu/ wkhuhiruh/ zh lqyhvwljdwh zkhwkhu d vhohfwlrq k|srwkhvlv fdq sur0

ylgh d sodxvleoh dqg frqvlvwhqw h{sodqdwlrq iru wkh revhuyhg frqyhujhqfh ri wkh pruwdolw|

wudmhfwrulhv e| vh{ dqg vrflrhfrqrplf vwdwxv +hgxfdwlrq, dw rog dqg roghvw0rog djhv1

Wr xqghuvwdqg wkh g|qdplfv wkdw xqghuolh wkh frqyhujhqfh ri wkh pruwdolw| wudmhfwrulhv

e| vh{ dqg vrflrhfrqrplf vwdwxv zlwk lqfuhdvlqj djh/ zh qhhg wr lqfrusrudwh lq wkh dqdo0

|vhv xqrevhuyhg khwhurjhqhlw|1 Krzhyhu/ wklv frqvlghudwlrq ri vhohfwlrq lv riwhq kdpshuhg

e| wkh idfw wkdw wkh h�hfw ri gl�huhqwldo vhohfwlrq ehfrphv sulpdulo| ylvleoh zkhq wkh ohyho

ri pruwdolw| lv prghudwho| kljk +l1h1 dw rog djhv,/ dqg d vwurqj vhohfwlrq surfhvv rshudwhv

lq wkh revhuyhg srsxodwlrq1 Ixuwkhupruh/ lq rxu dqdo|vhv zh duh lqwhuhvwhg lq zkhwkhu dqg

krz wkh h�hfw ri fhuwdlq �{hg lqglylgxdo0ohyho fkdudfwhulvwlfv vxfk dv hgxfdwlrq fkdqjhv

ryhu wkh olih vsdq ri lqglylgxdov/ dqg wkhuhiruh zh qhhg wr lqfrusrudwh wkh h�hfw ri gl�hu0
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hqwldo vhohfwlrq douhdg| dw |rxqjhu djhv1 Lq rughu wr ryhufrph wklv hvwlpdwlrq sureohp/

zh lpsohphqw qhz vwdwlvwlfdo phwkrgv wkdw doorz iru prghoolqj xqrevhuyhg khwhurjhqh0

lw| douhdg| dw dgxow zrunlqj djhv1 Lq sduwlfxodu/ zh frpsduh d sdudphwulf +wkh prgl�hg

GhPrlyuh kd}dug ixqfwlrq, zlwk d qrq0sdudphwulf +wkh fryduldwh0lghqwl�hg iudlow| prgho,

dssurdfk1

Erwk dssurdfkhv |lhog frqvlvwhqw dqg yhu| vlplodu uhvxowv1 Rxu dqdo|vhv vxjjhvw wkdw

wkh lqglylgxdo ulvn ri ghdwk dulvhv idvwhu wkdq h{srqhqwldo1 Krzhyhu/ wkh lqfuhdvh ri wkh

edvholqh pruwdolw| kd}dug hvwlpdwhg iurp wkh fryduldwh0lghqwl�hg iudlow| prgho +FLIP, lv

vwhhshu dqg idvwhu dv frpsduhg wr wkh sdudphwulfdoo| hvwlpdwhg edvholqh kd}dug1

Ixuwkhupruh/ wkh dqdo|vhv frqylqflqjo| vxjjhvw wkdw wkh frqyhujhqfh ri wkh pruwdolw|

wudmhfwrulhv e| vh{ dqg vrflrhfrqrplf jurxsv pd| eh sulpdulo| dwwulexwhg wr wkh h�hfw ri

gl�huhqwldo vhohfwlrq irufhv rshudwlqj dprqj wkhvh vrfldo vwudwd/ lqvwhdg wr ixqgdphqwdo gli0

ihuhqfhv lq wkh djlqj surfhvv ru yduldwlrq lq wkh h�hfw ri �{hg vrflrhfrqrplf fkdudfwhulvwlfv

ryhu wkh lqglylgxdo*v olih0vsdq1 Wkh hvwlpdwhv edvhg rq wkh sdudphwulf dqg qrq0sdudphwulf

dssurdfk vkrz wkdw/ zkhq zh frqwuro iru frpsrvlwlrqdo fkdqjhv/ wkh lqglylgxdo edvholqh

kd}dug e| hgxfdwlrq lqfuhdvhv lq d sdudooho idvklrq/ zkloh wkh revhuyhg srsxodwlrq wudmhf0

wrulhv ri pruwdolw| frqyhujh dw roghu djhv1 Wklv vxjjhvwv wkdw wkh pruwdolw| gl�huhqwldov

e| vrflrhfrqrplf jurxsv uhpdlq vwdeoh ryhu wkh olih vsdq ri lqglylgxdov zlwk wkh vdph

uhodwlyh iudlow| dqg wkh h�hfw ri �{hg vrflrhfrqrplf fkdudfwhulvwlfv vxfk dv hgxfdwlrq grhv

qrw fkdqjh ryhu wkh lqglylgxdo*v olih vsdq1

Li zh dvvxph wkdw vrflrhfrqrplf jurxsv gl�hu e| wkhlu iudlow| glvwulexwlrq/ wkhq erwk

dssurdfkhv +wkh prgl�hg GhPrlyuh kd}dug prgho dqg wkh FLIP, hvwlpdwh vlplodu sdwwhuq

ri yduldqfh lq iudlow| dfurvv hgxfdwlrqdo jurxsv1 Krzhyhu/ wkh qrq0sdudphwulf dssurdfk

hvwlpdwhv lq jhqhudo kljkhu yduldqfh ri iudlow| iru erwk vh{hv dv frpsduhg wr wkh sdudphwulf

hvwlpdwhv1 Erwk dssurdfkhv hvwlpdwh wkdw wkh prvw khwhurjhqrxv jurxs dprqj phq lv

uhsuhvhqwhg e| kljko| hgxfdwhg phq/ zkloh wkhuh lv qr d vxevwdqwldo gl�huhqfh lq wkh

yduldqfh ri iudlow| hvwlpdwhg ehwzhhq phq zlwk phglxp/ orz dqg qr hgxfdwlrq1 Dprqj

zrphq/ wklv sdwwhuq lv txlwh gl�huhqw= wkh ohdvw khwhurjhqrxv jurxs lv uhsuhvhqwhg e|

zrphq zlwk phglxp hgxfdwlrq/ zkloh wkhuh lv doprvw qr gl�huhqfh lq wkh yduldqfh ri

iudlow| dprqj zrphq zlwk kljk/ orz dqg qr hgxfdwlrq1



5;

Rqh ri wkh prvw lpsruwdqw lqvljkwv iurp rxu dqdo|vhv lv wkdw wkhuh lv d vxevwdqwldo

gl�huhqfh ehwzhhq wkh frkruw dqg lqglylgxdo vxuylyruvkls1 Rxu hvwlpdwhv vkrz wkdw olih

h{shfwdqf| ri wkh cdyhudjh lqglylgxdo* zlwk d iudlow| ri } @ 4 lv vxevwdqwldoo| ehorz wkh

dyhudjh olih h{shfwdqf| wkdw zh hvwlpdwh rq d srsxodwlrq ohyho1 Pruhryhu/ rxu dqdo|vhv

vkrz dovr wkdw wkh h�hfw ri vrflrhfrqrplf idfwruv rq olih h{shfwdqf| lv qrw htxdo iru doo

lqglylgxdov/ exw wkh h�hfw ri kdylqj kljkhu hgxfdwlrq lv juhdwhu wkh pruh iudlo duh wkh

lqglylgxdov1 Lq dgglwlrq/ rq lqglylgxdo ohyho zh hvwlpdwh wkdw wkh uhodwlyh gl�huhqfhv lq olih

h{shfwdqf| e| vrflrhfrqrplf jurxs hyhq lqfuhdvh/ zklfk lv lq frqwudvw wr wkh hvwlpdwhv

rq srsxodwlrq ohyho1

Lq vxppdu|/ rxu dqdo|vhv vxjjhvw dq lpsruwdqw uroh ri iudlow| dqg vhohfwlrq frqvlghu0

dwlrqv lq wkh dvvhvvphqw ri krz vrflrhfrqrplf idfwruv lq xhqfh pruwdolw|1 Lq sduwlfxodu/

rxu uhvxowv txhvwlrq wkh zlghvsuhdg eholhi wkdw wkh pruwdolw| kd}dugv dfurvv vrflrhfrqrplf

jurxsv duh frqyhujlqj dw kljkhu djhv/ dqg wkh| vxjjhvw wkdw dqdo|vhv rq srsxodwlrq ohyho

pd| vxevwdqwldoo| ryhuhvwlpdwh wkh olih h{shfwdqf| ri wkh cdyhudjh lqglylgxdov*1 Lq ixwxuh

uhvhdufk/ h{solflw phdvxuhv ri shuvlvwhqw iudlow| gl�huhqwldov dprqj lqglylgxdov/ wkdw duh

lqfoxghg lq dqdo|vhv ri vrflrhfrqrplf pruwdolw| gl�huhqwldov/ fdq surylgh pruh gluhfw hy0

lghqfh iru wkh deryh k|srwkhvhv1 Rxu dqdo|vhv/ krzhyhu/ vxjjhvwv wkdw vxfk uhvhdufk lv

txlwh surplvlqj iru phdvxulqj pruwdolw| gl�huhqwldov e| vrflrhfrqrplf vwdwxv1

Uhihuhqfhv

Dqwrqryvn|/ D1 +4<9:,1 Vrfldo fodvv/ olih h{shfwdqf| dqg ryhudoo pruwdolw|1 Ploedqn Phpr0

uldo Ixqg Txduwhuo| 78/ 64�:61

Ehujhpdq/ F1 V1 +4<<:,1 Djlqj= Jhqhwlf dqg Hqylurqphqwdo Lq xhqfhv1 Orqgrq= Vdjh

Sxeolfdwlrqv1

Fduh|/ M1 U1 dqg S1 Olhgr +4<<8,1 Vh{0vshfl�f olih wdeoh djlqj udwhv lq odujh phg | frkruwv1

H{shulphqwdo Jhurqwrorj| 63 +627,/ 648�6581

Fdvhool/ J1/ M1 Z1 Ydxsho/ dqg D1 L1 \dvklq +5333,1 Orqjhylw|/ khwhurjhqhlw| dqg vhohf0
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wlrq1 Sdshu suhvhqwhg dw wkh [O Ulxqlrqh Vflhqwl�fd ghood Vrflhwd Lwdoldqã gl Vwdwlvwlfd/

Ioruhqfh/ Dsulo 59�5;1

Greokdpphu/ J1 +4<<9,1 Vrflrhfrqrplf gl�huhqwldov lq Dxvwuldq dgxow pruwdolw|1 Xqsxe0

olvkhg Grfwrudo Glvvhuwdwlrq/ Xqlyhuvlw| ri Ylhqqd1

Guhyhu/ I1/ P1 Zklwhkhdg/ dqg P1 Urghq +4<<9,1 Fxuuhqw sdwwhuqv dqg wuhqgv lq pdoh

pruwdolw| e| Vrfldo Fodvv +edvhg rq rffxsdwlrq,1 Srsxodwlrq Wuhqgv +;9,/ 48�531

Ihlqvwhlq/ M1 V1 +4<<6,1 Wkh uhodwlrqvkls ehwzhhq vrflrhfrqrplf vwdwxv dqg khdowk= D

uhylhz ri wkh olwhudwxuh1 Wkh Ploedqn Txduwhuo| +:4,/ 5:<�6551

Jdyulory/ O1 D1 dqg Q1 V1 Jdyuloryd +4<<4,1 Wkh Elrorj| ri Olih Vsdq1 D Txdqwlwdwlyh

Dssurdfk1 Orqgrq= Kduzrrg Dfdghplf Sxeolvkhuv1

Krulxfkl/ V1 dqg D1 M1 Frdoh +4<<3,1 Djh sdwwhuqv ri pruwdolw| iru roghu zrphq= Dq dqdo0

|vlv xvlqj wkh djh0vshfl�f udwh ri pruwdolw| fkdqjh zlwk djh1 Pdwkhpdwlfdo Srsxodwlrq

Vwxglhv 5+7,/ 578�59:1

Krulxfkl/ V1 dqg M1 Zloprwk +4<<:,1 Djh sdwwhuqv ri wkh olih wdeoh djlqj udwh iru pd0

mru fdxvhv ri ghdwk lq Mdsdq/ 4<84�4<<31 Mrxuqdo ri Jhurqwrorj|= Elrorjlfdo Vfl0

hqfhv 85D+4,/ E9:�E::1

Krxvh/ M1 V1/ U1 F1 Nhvvohu/ dqg D1 U1 Khu}rj +4<<3,1 Djh/ vrflrhfrqrplf vwdwxv/ dqg

khdowk1 Wkh Ploedqn Txduwhuo| 9;+6,/ 6;6�7441

Kxpphu/ U1 D1/ U1 J1 Urjhuv/ dqg L1 Z1 Hehuvwhlq +4<<9,1 Vrflrghprjudsklf gl�huhqwldov

lq dgxow pruwdolw|= uhylhz dqg shuvshfwlyh1 Sdshu suhvhqwhg dw wkh dqqxdo phhwlqj ri

wkh Srsxodwlrq Dvvrfldwlrq ri Dphulfd/ Pd|/ </ Qhz Ruohdqv1

Kxpphu/ U1 D1/ U1 J1 Urjhuv/ dqg L1 Z1 Hehuvwhlq +4<<;,1 Vrflrghprjudsklf gl�huhqwldov

lq dgxow pruwdolw|= D uhylhz ri dqdo|wlf dssurdfkhv1 Srsxodwlrq dqg Ghyhorsphqw

Uhylhz 57 +6,/ 886�8:;1

Ldfklqh/ L1/ Q1 Y1 Krop/ M1 U1 Kduulv/ D1 ]1 Ehjxq/ P1 N1 Ldfklqd/ P1 Odlwlqhq/ M1 Ndsulr/

dqg D1 L1 \dvklq +4<<;,1 Krz khulwdeoh lv lqglylgxdo vxvfhswlelolw| wr ghdwkB Wkh
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uhvxowv ri dq dqdo|vlv ri vxuylydo gdwd rq Gdqlvk/ Vzhglvk dqg Ilqqlvk wzlqv1 Wzlq

Uhvhdufk 4 +7,/ 4<9�5381

Nlwljdzd/ H1 P1 dqg S1 P1 Kdxvhu +4<:6,1 Gl�huhqwldo pruwdolw| lq wkh Xqlwhg Vwdwhv= d

vwxg| lq vrflrhfrqrplf hslghplrorj|1 Fdpeulgjh= Kduydug Xqlyhuvlw| Suhvv1

Nrkohu/ K10S1 dqg L1 Nrkohu +5333,1 Iudlow| prghoolqj iru dgxow dqg rog djh pruwdolw|= Wkh

dssolfdwlrq ri d prgl�hg GhPrlyuh kd}dug ixqfwlrq wr vh{ gl�huhqwldov lq pruwdolw|1

Ghprjudsklf Uhvhdufk ^Rqolqh dydlodeoh dw kwws=22ghprjudsklf0uhvhdufk1ruj` 6 +;,1

Nrkohu/ L1 +5334,1 Dgxow dqg Rog0Djh Pruwdolw| G|qdplfv lq Exojduld dqg Uxvvld1 Glv0

vhuwdwlrq vxeplwwhg wr wkh Idfxow| ri Vrfldo Vflhqfhv dw wkh Xqlyhuvlw| ri Vrxwkhuq

Ghqpdun/ Rghqvh1

Ohrq/ G1 D1 +5334,1 Frpprq wkuhdgv= xqghuo|lqj frpsrqhqwv ri lqhtxdolwlhv lq pruwdolw|

ehwzhhq dqg zlwklq frxqwulhv1 Lq G1 Ohrq dqg J1 Zdow +Hgv1,/ Sryhuw|/ Lqhtxdolw| dqg

Khdowk= Dq Lqwhuqdwlrqdo Shuvshfwlyh/ ss1 8;�;:1 R{irug= R{irug Xqlyhuvlw| Suhvv1

Oldr/ \1/ G1 O1 PfJhh/ M1 V1 Ndxipdq/ J1 Fdr/ dqg U1 V1 Frrshu +4<<<,1 Vrflrhfrqrplf

vwdwxv dqg pruelglw| lq wkh odvw |hduv ri olih1 Dphulfdq Mrxuqdo ri Sxeolf Khdowk ;< +7,/

89<�8:51

Olx/ [1/ D1 L1 Khupdolq/ dqg \10O1 Fkxdqj +4<<;,1 Wkh h�hfw ri hgxfdwlrq rq pru0

wdolw| dprqj roghu Wdlzdqhvh dqg lwv sdwkzd|v1 Mrxuqdo ri Jhurqwrorj|= Vrfldo Vfl0

hqfhv 86E+5,/ V:4�V;51

Pdfnhqedfk/ M1 S1 dqg D1 H1 Nxqvw +4<<8,1 Vrflr0hfrqrplf dqg fxowxudo ghwhuplqdqwv

ri uhjlrqdo pruwdolw| sdwwhuqv lq wkh Qhwkhuodqgv1 Lq D1 G1 Orsh}/ J1 Fdvhool/ dqg

W1 Ydonrqhq +Hgv1,/ Dgxow pruwdolw| lq ghyhorshg frxqwulhv= iurp ghvfulswlrq wr h{sod0

qdwlrq1 R{irug= Foduhqgrq Suhvv1

Pdqwrq/ N1 J1/ P1 D1 Zrrgexu|/ dqg H1 Vwdoodug +4<<8,1 Vh{ gl�huhqfhv lq kxpdq

pruwdolw| dqg djlqj dw odwh djhv= wkh h�hfw ri pruwdolw| vhohfwlrq dqg vwdwh g|qdplfv1

Wkh Jhurqwrorjlvw 68+8,/ 8<:�93;1
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Pduwholq/ W1/ V1 Nrvnlqhq/ dqg W1 Ydonrqhq +4<<;,1 Vrflrghprjudsklf pruwdolw| gl�huhqfhv

dprqj wkh Roghvw Rog lq Ilqodqg1 Mrxuqdo ri Jhurqwrorj|= Vrfldo Vflhqfhv 86E+5,/ V;6�

V<31

Sdssdv/ J1/ V1 Txhhq/ Z1 Kdgghq/ dqg J1 Ilvkhu +4<<6,1 Wkh lqfuhdvlqj glvsdulw| lq

pruwdolw| ehwzhhq vrflrhfrqrplf jurxsv lq wkh Xqlwhg Vwdwhv/ 4<93 dqg 4<;91 Wkh Qhz

Hqjodqg Mrxuqdo ri Phglflqh 65< +5,/ 436�43<1

Suhvwrq/ V1 K1 dqg S1 Wdxepdq +4<<7,1 Vrflrhfrqrplf gl�huhqfhv lq dgxow pruwdolw| dqg

khdowk vwdwxv1 Lq O1 Pduwlq dqg V1 K1 H1 Suhvwrq +Hgv1,/ Ghprjudsk| ri Djlqj/ ss1

5:<�64;1 Zdvklqjwrq/ G1F1= Qdwlrqdo Dfdghp| Suhvv1

Ydonrqhq/ W1 +4<;:,1 Pdoh pruwdolw| iurp lvfkdhplf khduw glvhdvh lq Ilqodqg= uhodwlrq wr

uhjlrq ri eluwk dqg uhjlrq ri uhvlghqfh1 Hxurshdq Mrxuqdo ri Srsxodwlrq 6/ 94�;61

Ydonrqhq/ W1 dqg W1 Pduwholq +4<;;,1 Rffxsdwlrqdo fodvv dqg vxlflgh= dq h{dpsoh ri wkh

hoderudwlrq ri d uhodwlrqvkls1 Uhvhdufk Uhsruwv Qu1 555 1

Ydonrqhq/ W1 dqg S1 Pduwlndlqhq +4<<8,1 Wkh dvvrfldwlrq ehwzhhq xqhpsor|phqw dqg

pruwdolw|= fdxvdwlrq ru vhohfwlrqB Lq D1 G1 Orsh}/ J1 Fdvhool/ dqg W1 Ydonrqhq +Hgv1,/

Dgxow pruwdolw| lq ghyhorshg frxqwulhv= iurp ghvfulswlrq wr h{sodqdwlrq/ ss1 534�5551

R{irug= Foduhqgrq Suhvv1

Ydxsho/ M1 Z1/ N1 J1 Pdqwrq/ dqg H1 Vwdoodug +4<:<,1 Wkh lpsdfw ri khwhurjhqhlw| lq

lqglylgxdo iudlow| rq wkh g|qdplfv ri pruwdolw|1 Ghprjudsk| 49 +6,/ 76<�7871

Ydxsho/ M1 Z1 dqg D1 L1 \dvklq +4<;8,1 Khwhurjhqhlw|*v uxvhv= Vrph vxusulvlqj h�hfwv ri

vhohfwlrq rq srsxodwlrq g|qdplfv1 Dphulfdq Vwdwlvwlfldq 6</ 4:9�4;81

Zlooldpv/ G1 U1 +4<<3,1 Vrflrhfrqrplf gl�huhqwldov lq khdowk= D uhylhz dqg uhgluhfwlrq1

Vrfldo Sv|fkrorj| Txduwhuo| +86,/ ;4�<<1

\dvklq/ D1 L1/ M1 Z1 Ydxsho/ dqg L1 D1 Ldfklqh +4<<8,1 Fruuhodwhg lqglylgxdo iudlow|= Dq

dgydqwdjhrxv dssurdfk wr vxuylydo dqdo|vlv ri elyduldwh gdwd1 Pdwkhpdwlfdo Srsxodwlrq

Vwxglhv 8 +5,/ 478�8<1


