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Krz Wr Phdvxuh Frusrudwh Erqg Oltxlglw|B4

Sdwulfn Krxzholqj5

Hudvpxv Xqlyhuvlw| Urwwhugdp

Doehuw Phqwlqn6

Hudvpxv Xqlyhuvlw| Urwwhugdp dqg DHJRQ Dvvhw Pdqdjhphqw

Wrq Yruvw7

Hudvpxv Xqlyhuvlw| Urwwhugdp dqg DEQ Dpur

Iheuxdu| 46/ 5336

4Wklv sdshu lv d vxevwdqwldoo| uhylvhg yhuvlrq ri rxu hduolhu sdshu *Lv Oltxlglw| Uh hfwhg lq Erqg \lhogvB
Hylghqfh iurp wkh Hxur Frusrudwh Erqg Pdunhwv*1 Ylhzv h{suhvvhg lq wkh sdshu duh wkh dxwkruv* rzq
dqg gr qrw qhfhvvdulo| uh hfw wkrvh ri DHJRQ Dvvhw Pdqdjhphqw ru DEQ Dpur1

5Fruuhvsrqglqj dxwkru1 Dgguhvv= S1R1 Er{ 4:6;/ K43043/ 6333 GU Urwwhugdp/ Wkh Qhwkhuodqgv> who1=
.64043073;14577> id{= .64043073;1<495> h0pdlo= krxzholqjCihz1hxu1qo

6who1= .640:306771;4::> h0pdlo= dphqwlqnCdhjrq1qo
7who1= .64043073;145:3> h0pdlo= yruvwCihz1hxu1qo



Krz Wr Phdvxuh Frusrudwh Erqg Oltxlglw|B

Zh frqvlghu hljkw gl�huhqw phdvxuhv +lvvxhg dprxqw/ frxsrq/ olvwhg/ djh/ plvvlqj

sulfhv/ sulfh yrodwlolw|/ qxpehu ri frqwulexwruv dqg |lhog glvshuvlrq, wr dssur{lpdwh

frusrudwh erqg oltxlglw| dqg xvh d �yh0yduldeoh prgho wr frqwuro iru pdwxulw|/ fuhglw

dqg fxuuhqf| gl�huhqfhv ehwzhhq erqgv1 Wkh qxoo k|srwkhvlv wkdw oltxlglw| ulvn lv

qrw sulfhg lq rxu gdwd vhw ri hxur frusrudwh erqgv lv uhmhfwhg iru vhyhq rxw ri hljkw

oltxlglw| phdvxuhv1 Zh �qg vljql�fdqw oltxlglw| suhpld/ udqjlqj iurp < wr 57 edvlv

srlqwv1 D frpsdulvrq whvw ehwzhhq oltxlglw| phdvxuhv vkrzv wkdw vrph zd|v wr

phdvxuh oltxlglw| duh ehwwhu wkdq rwkhuv1

MHO frghv= F46/ J45

Nh|zrugv= oltxlglw|/ frusrudwh erqgv/ Idpd0Iuhqfk prgho/ hxur pdunhw
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4 Lqwurgxfwlrq

Wkh h�hfw ri oltxlglw| rq erqg |lhogv kdv ehhq iuhtxhqwo| vwxglhg lq wkh uhfhqw �qdqfh olwhud0

wxuh1 Vlqfh oltxlglw| lv d udwkhu vxemhfwlyh frqfhsw/ d orw ri phdvxuhv kdyh ehhq sursrvhg wr

dssur{lpdwh wkh h{whqw wr zklfk d erqg lv oltxlg ru looltxlg1 Iru frusrudwh erqgv/ zkhuh prvw

wudqvdfwlrqv rffxu rq wkh ryhu0wkh0frxqwhu pdunhw/ gluhfw oltxlglw| phdvxuhv +edvhg rq wudqv0

dfwlrq gdwd, duh riwhq qrw uholdeoh dqg gl!fxow wr rewdlq1 Wkhuhiruh/ uhvhdufkhuv uhvruwhg wr

lqgluhfw phdvxuhv wkdw duh edvhg rq erqg fkdudfwhulvwlfv dqg2ru hqg0ri0gd| sulfhv1 Wklv sdshu

pdnhv d qxpehu ri frqwulexwlrqv wr wklv olwhudwxuh rq frusrudwh erqg oltxlglw|1 Iluvw/ zh sd|

juhdw dwwhqwlrq wr frqwuro iru rwkhu vrxufhv ri ulvn wr surshuo| lghqwli| wkh suhplxp dvvrfldwhg

zlwk oltxlglw| ulvn1 Dv idu dv zh nqrz/ wklv lv wkh �uvw sdshu lq wklv vwudqg ri olwhudwxuh wr xvh

wkh zhoo0nqrzq Idpd dqg Iuhqfk +4<<6, wzr0idfwru erqg0pdunhw prgho wr frqwuro iru lqwhuhvw

udwh dqg fuhglw ulvn dqg wr dxjphqw lw zlwk lqglylgxdo erqg fkdudfwhulvwlfv/ dv uhfrpphqghg e|

Jhekdugw/ Kylgnmdhu dqg Vzdplqdwkdq +5334,1 Vhfrqg/ zh gr qrw pdnh d vxemhfwlyh fkrlfh ri

zklfk lqgluhfw oltxlglw| phdvxuhv wr zrun zlwk/ exw lpsohphqw dv pxfk ri wkh phdvxuhv sur0

srvhg lq wkh olwhudwxuh dv srvvleoh rq rxu gdwd vhw1 Zh hydoxdwh wkh uhodwlyh shuirupdqfh ri

doo phdvxuhv/ hpsor|lqj d phwkrg uhfhqwo| dssolhg e| Jroguhlfk/ Kdqnh dqg Qdwk| +5335, rq

wuhdvxu| erqgv1 Wklug/ wkh ydvw pdmrulw| ri hpslulfdo sdshuv rq vryhuhljq dqg frusrudwh erqg

oltxlglw| kdyh vwxglhg gdwd iurp wkh Xqlwhg Vwdwhv dqg uhodwlyho| olwwoh lv nqrzq derxw wkh h{whqw

wr zklfk wkhvh uhvxowv dsso| wr wkh hxur pdunhw1 Dowkrxjk hxur frusrudwh erqg gdwd zhuh dovr

vwxglhg e| rwkhu dxwkruv/ lqfoxglqj Dqqdhuw dqg Gh Fhxvwhu +4<<<,/ Glpvrq dqg Kdqnh +5334,/

PfJlqw| +5334, dqg Gðd} dqg Qdyduur +5335,/ qrqh ri wkhp dqdo|}hg wkh hxur frusrudwh erqg

pdunhw xvlqj gdwd rq lqglylgxdo erqgv ryhu d vxevwdqwldo wlph shulrg1

Wr surshuo| lghqwli| d vhfxulw|*v suhplxp iru wkh oltxlglw| ulvn lw lpsrvhv rq lwv ehduhu/

uhvhdufkhuv kdyh wr frqwuro iru rwkhu vrxufhv ri ulvn wkdw d�hfw wkh vhfxulw|*v h{shfwhg uhwxuq wrr1

Iruwxqdwho|/ wkhru| +olnh wkh vwdqgdug glvfrxqwhg fdvk  rz htxdwlrq iru ghidxow0iuhh erqgv dqg

wkh uhgxfhg irup fuhglw ulvn prghov iroorzlqj Mduurz dqg Wxuqexoo +4<<8, iru ghidxowdeoh erqgv,

qrplqdwhv wzr ulvn idfwruv= +l, lqwhuhvw udwh ulvn dqg +ll, fuhglw ulvn1 Jhekdugw hw do1 +5334,

irxqg wkdw erwk wkh Idpd dqg Iuhqfk +4<<6, *whup* dqg *ghidxow* idfwruv dqg wkh lqglylgxdo erqg

fkdudfwhulvwlfv gxudwlrq dqg udwlqj duh lpsruwdqw wr surshuo| fdswxuh wkh lpsdfw ri lqwhuhvw udwh

dqg fuhglw ulvn rq erqg |lhogv1 Zh dxjphqw wkhvh irxu yduldeohv zlwk d �iwk yduldeoh/ d erqg*v

ghqrplqdwlrq fxuuhqf|/ wr jhw rxu �qdo vhw ri yduldeohv1 Zh whvw wkh suhvhqfh ri oltxlglw| h�hfwv

diwhu fruuhfwlqj iru wkh h�hfwv ri wkhvh �yh yduldeohv1

Lq wklv sdshu/ zh xvh wkh Euhqqdq dqg Vxeudkpdq|dp +4<<9, phwkrgrorj| wr whvw zkhwkhu

oltxlglw| lv sulfhg lq wkh hxur0ghqrplqdwhg frusrudwh erqg pdunhw1 Zh xvh hljkw lqgluhfw phd0

vxuhv ri erqg oltxlglw|= lvvxhg dprxqw/ frxsrq/ olvwhg/ djh/ plvvlqj sulfhv/ sulfh yrodwlolw|/

qxpehu ri frqwulexwruv dqg |lhog glvshuvlrq +vhh Vhfwlrq 618 iru d ghwdlohg ghvfulswlrq,1 Iru

hdfk oltxlglw| phdvxuh/ zh frqvwuxfw S / pxwxdoo| h{foxvlyh sruwirolrv e| vruwlqj doo erqgv rq

wkhlu ydoxh ri wkh oltxlglw| phdvxuh dqg dvvljqlqj wkh �uvw 433@S ( ri wkh erqgv wr sruwirolr 4>

wkh qh{w 433@S ( wr sruwirolr 5/ dqg vr rq/ xqwlo wkh odvw 433@S ( ri wkh erqgv duh dvvljqhg wr

sruwirolr S 1 Wkh S wlph vhulhv ri sruwirolr |lhogv duh vxevhtxhqwo| xvhg lq wzr uhjuhvvlrq prghov1
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Lq wkh �uvw prgho/ wkh uhjuhvvlrq htxdwlrq iru hdfk sruwirolr kdv lwv rzq lqwhufhsw dqg xqghu wkh

qxoo k|srwkhvlv wkdw oltxlglw| grhv qrw d�hfw erqg |lhogv/ wkhvh lqwhufhswv vkrxog eh mrlqwo| }hur1

Lq wkh vhfrqg prgho/ doo sruwirolrv vkduh d frpprq lqwhufhsw/ exw d sruwirolr0vshfl�f oltxlglw|

yduldeoh lv dgghg wr wkh uhjuhvvlrq htxdwlrq1 Khuh/ wkh qxoo k|srwkhvlv lv wkdw wkh lqwhufhsw dqg

wkh frh!flhqw ri wkh oltxlglw| yduldeoh duh mrlqwo| htxdo wr }hur1 Ixuwkhu/ wr ghwhuplqh wkh h�hf0

wlyhqhvv ri wkh gl�huhqw oltxlglw| phdvxuhv uhodwlyh wr hdfk rwkhu/ zh uxq d vhulhv ri uhjuhvvlrqv

zlwk sdluzlvh frpelqdwlrqv ri wkh oltxlglw| phdvxuhv/ dv sursrvhg e| Jroguhlfk hw do1 +5335,1 E|

uxqqlqj wkh uhjuhvvlrqv iru doo srvvleoh frpelqdwlrqv/ zh fdq frxqw wkh qxpehu ri wlphv d phd0

vxuh dggv srzhu wr dqrwkhu phdvxuh/ dqg ylfh yhuvd/ wkh qxpehu ri wlphv d phdvxuh vxevxphv

dqrwkhu phdvxuh1 Wklv doorzv xv wr udqn wkh gl�huhqw oltxlglw| phdvxuhv zh frqvlghu1

Zh xvh d ghwdlohg gdwd vhw frqvlvwlqj ri gdlo| |lhogv ri lqglylgxdo frusrudwh erqgv ghqrpl0

qdwhg lq hxurv ru lq rqh ri wkh fxuuhqflhv ri wkh hxur0sduwlflsdwlqj frxqwulhv +*ohjdf|* fxuuhqflhv,1

Wkh uhvxowv iru wkh �uvw uhjuhvvlrq prgho lqglfdwh wkdw wkh �yh0yduldeoh prgho vkrxog eh uhmhfwhg

iru vhyhq rxw ri hljkw oltxlglw| phdvxuhv1 Wkh suhplxp ehwzhhq oltxlg dqg looltxlg sruwirolrv

udqjhv iurp < wr 57 edvlv srlqwv dqg lv wkh odujhvw iru wkh phdvxuhv djh dqg |lhog glvshuvlrq1

Iru wkh vhfrqg prgho wkh qxoo k|srwkhvlv ri qr oltxlglw| h�hfwv lv hyhq dozd|v uhmhfwhg1 Ilqdoo|/

wkh sdluzlvh frpsdulvrq whvwv srlqw rxw wkdw wkh phdvxuhv sulfh yrodwlolw| dqg qxpehu ri frq0

wulexwruv dgg srzhu wr prvw rwkhu phdvxuhv/ dqg wkdw prvw rwkhu phdvxuhv duh vxevxphg e|

wkhp1

Wkh frqwhqw ri wklv sdshu lv dv iroorzv1 Vhfwlrq 5 jlyhv dq ryhuylhz ri wkh wkhruhwlfdo dqg

hpslulfdo oltxlglw| olwhudwxuh1 Lq Vhfwlrq 6/ wkh Euhqqdq dqg Vxeudkpdq|dp +4<<9, dssurdfk ri

whvwlqj wkh frpshqvdwlrq iru oltxlglw| lq htxlw| uhwxuqv dqg wkh Idpd dqg Iuhqfk +4<<6, prgho

duh h{sodlqhg dqg rxu prgl�fdwlrqv wr erwk dssurdfkhv duh jlyhq1 Wklv vhfwlrq dovr ghvfulehv

wkh sruwirolr frqvwuxfwlrq dqg wkh hljkw oltxlglw| phdvxuhv wkdw duh xvhg lq wklv frqvwuxfwlrq1

Qh{w/ lq Vhfwlrq 7/ wkh gdwd wkdw duh xvhg wr whvw wkh k|srwkhvhv ri frusrudwh erqg oltxlglw| duh

ghvfulehg1 Lq Vhfwlrq 8/ wkh uhvxowv iurp wkh prgho lpsohphqwdwlrq duh vkrzq1 Ilqdoo|/ Vhfwlrq

9 vxppdul}hv1

5 Olwhudwxuh

Erwk wkhruhwlfdo dqg hpslulfdo hylghqfh ghprqvwudwh wkdw oltxlglw| ulvn lv sulfhg lq vhfxulw|

pdunhwv1 Wkh pdunhw plfurvwuxfwxuh prghov ri Dplkxg dqg Phqghovrq +4<;9,/ Erxgrxnk dqg

Zklwhodz +4<<6, dqg Yd|dqrv +4<<;, vkrz wkdw wudqvdfwlrq frvwv fdxvh oltxlglw| gl�huhqfhv

ehwzhhq vhfxulwlhv/ dqg wkdw looltxlg vhfxulwlhv kdyh kljkhu h{shfwhg udwhv ri uhwxuq wkdq oltxlg

vhfxulwlhv1 Hpslulfdo hylghqfh rq sulfhg oltxlglw| ulvn lq htxlw| pdunhwv lv surylghg e|/ h1j1/

Dplkxg dqg Phqghovrq +4<;9,/ Euhqqdq dqg Vxeudkpdq|dp +4<<9,/ Kdxjhq dqg Ednhu +4<<9,/

Euhqqdq/ Fkrugld dqg Vxeudkpdq|dp +4<<;,/ Fkrugld/ Uroo dqg Vxeudkpdq|dp +5334, dqg

Fkrugld/ Vxeudkpdq|dp dqg Dqvkxpdq +5334,1 Wkhvh vwxglhv rq htxlw| pdunhwv kdg wr frsh

zlwk dq lpsruwdqw gudzedfn= wkh| uhvruwhg wr dssur{lpdwlqj h{shfwhg uhwxuqv e| uhdol}hg

uhwxuqv/ zklfk duh/ e| gh�qlwlrq/ uhdol}dwlrqv ri d vwrfkdvwlf surfhvv lqvwhdg ri h{shfwdwlrqv1 Iru

6



erqgv/ rq wkh rwkhu kdqg/ wkh |lhog0wr0pdwxulw| fdq eh xvhg dv h{shfwhg uhwxuq phdvxuh1 Lw pd|

eh iru wklv uhdvrq/ wkdw erqg oltxlglw| kdv ehhq wkh wrslf ri qxphurxv sdshuv1 D vxevwdqwldo sduw

ri wkhvh vwxglhv dqdo|}hg gdwd iurp XV Wuhdvxu| pdunhwv/ lqfoxglqj Vdulj dqg Zdujd +4<;<,/

Dplkxg dqg Phqghovrq +4<<4,/ Zdujd +4<<5,/ Gdyhv dqg Hkukdugw +4<<6,/ Ndpdud +4<<7,/

Howrq dqg Juhhq +4<<;,/ Iohplqj +5334,/ Vwuhexodhy +5334,/ Iohplqj +5335,/ Jroguhlfk hw do1

+5335, dqg Nulvkqdpxuwk| +5335,1 Pdunhwv iru rwkhu frxqwulhv* jryhuqphqw erqgv zhuh vwxglhg

e| Erxgrxnk dqg Zklwhodz +4<<4/ 4<<6/ Mdsdq,/ Nhpsi dqg Xkulj0Krpexuj +5333/ Jhupdq|,

dqg Mdqnrzlwvfk/ Pùvhqedfkhu dqg Slfkohu +5335/ vl{ HPX frxqwulhv,1

Uhvhdufk rq frusrudwh erqgv kdv dovr ehhq suhgrplqdqwo| frqgxfwhg rq XV gdwd> uhihuhqfhv

lqfoxgh Fruqhoo +4<<5/ kljk |lhog pxwxdo ixqgv,/ Jhku dqg Pduwhoo +4<<5/ lqyhvwphqw judgh

erqgv,/ Vkxopdq/ Ed|ohvv dqg Sulfh +4<<6/ kljk |lhog erqgv,/ Fudeeh dqg Wxuqhu +4<<8/ qhz

lvvxhv,/ Iulgvrq dqg Möqvvrq +4<<8/ kljk |lhog lqglfhv,/ Fkdnudyduw| dqg Vdundu +4<<</ frusrudwh/

pxqlflsdo dqg Wuhdvxu| erqgv,/ Doh{dqghu/ Hgzdugv dqg Ihuul +5333/ kljk |lhog erqgv,/ Krqj

dqg Zdujd +5333,/ Froolq0Gxiuhvqh/ Jrogvwhlq dqg Pduwlq +5334/ frusrudwh erqgv,/ Hulfvvrq

dqg Uhqdxow +5334/ }hur0frxsrq erqgv,/ Howrq/ Juxehu/ Djudzdo dqg Pdqq +5335/ frusrudwh

erqgv, dqg Pxoolqhdx{ dqg Urwhq +5335/ frusrudwh erqgv,1 Qrq0XV frusrudwh erqg gdwd zhuh

xvhg e| Dqqdhuw dqg Gh Fhxvwhu +4<<</ hxur erqg lqglfhv,/ Glpvrq dqg Kdqnh +5334/ XN

htxlw| lqgh{0olqnhg erqgv,/ PfJlqw| +5334/ hxur0ghqrplqdwhg frusrudwh erqgv> gdwd iru rqo|

rqh prqwk, dqg Gðd} dqg Qdyduur +5335/ Vsdqlvk frusrudwh erqgv,1 Vr/ dowkrxjk wkhuh duh

qxphurxv hpslulfdo sdshuv rq erqg oltxlglw|/ qrqh ri wkhp vwxglhg wkh hxur frusrudwh erqg

pdunhw xvlqj lqglylgxdo erqg gdwd ryhu d vxevwdqwldo wlph shulrg1

6 Phwkrgrorj|

Zh xvh wkh Euhqqdq dqg Vxeudkpdq|dp +4<<9, dssurdfk wr whvw zkhwkhu oltxlglw| ulvn lv sulfhg

lq wkh hxur0ghqrplqdwhg frusrudwh erqg pdunhw1 Wkhuhiruh/ zh �uvw ghvfuleh wkhlu iudphzrun lq

Vhfwlrq 614/ iroorzhg e| rxu prgl�fdwlrqv lq Vhfwlrq 6151 Rxu lpsohphqwdwlrq ri wkh iudphzrun

lv ghwdlohg lq 6161 Wkh Jroguhlfk hw do1 +5335, phwkrg wr frpsduh gl�huhqw oltxlglw| phdvxuhv lv

suhvhqwhg lq Vhfwlrq 6171 Rxu oltxlglw| phdvxuhv duh glvfxvvhg lq Vhfwlrq 6181

614 Euhqqdq0Vxeudkpdq|dp Dssurdfk

Euhqqdq dqg Vxeudkpdq|dp*v +4<<9, sruwirolr frqvwuxfwlrq pdgh xvh ri wzr yduldeohv1 Iluvw/

wkh vwrfnv zhuh vruwhg rq wkhlu pdunhw fdslwdol}dwlrq dqg glylghg lqwr vl}h txlqwlohv1 Qh{w/ zlwklq

hdfk vl}h txlqwloh/ wkh vwrfnv zhuh vruwhg rq wkhlu hvwlpdwhg N|oh +4<;8, oltxlglw| phdvxuh ri

pdunhw ghswk dqg dvvljqhg wr rqh ri �yh sruwirolrv1 Lq wklv zd|/ Euhqqdq dqg Vxeudkpdq|dp

+4<<9, hyhqo| glylghg wkh wrwdo vdpsoh ri vwrfnv lqwr 58 sruwirolrv ghshqglqj rq wkh �up*v vl}h

dqg oltxlglw|1 Ilqdoo|/ wkh| whvwhg zkhwkhu wkh frqvwuxfwhg sruwirolrv kdg vljql�fdqwo| gl�huhqw

uhwxuqv1 Wr frqwuro iru rwkhu vrxufhv ri ulvn/ Euhqqdq dqg Vxeudkpdq|dp +4<<9, xvhg wkh Idpd

dqg Iuhqfk +4<<6, htxlw|0pdunhw prgho1
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Idpd dqg Iuhqfk +4<<6, irxqg wkuhh frpprq idfwruv wkdw h{sodlqhg wkh uhwxuq ri dq htxlw|

sruwirolr= dq ryhudoo pdunhw idfwru/ d vl}h idfwru dqg d errn0wr0pdunhw idfwru1 Wr whvw wkhlu

prgho/ Idpd dqg Iuhqfk +4<<6, vxeglylghg wkh vwrfnv lq wkhlu vdpsoh lq sruwirolrv edvhg rq

vhyhudo rwkhu fulwhuld/ dqg uhjuhvvhg wkh sruwirolrv* h{fhvv uhwxuqv ryhu wkh ghidxow0iuhh lqwhuhvw

udwh rq wkh wkuhh idfwruv1 Wkh lqwhufhsw frh!flhqwv iurp wkhvh uhjuhvvlrqv zhuh doprvw qhyhu

vwdwlvwlfdoo| vljql�fdqw/ lqglfdwlqj wkh ydolglw| ri wkhlu prgho rq wkhlu gdwd vhw1

Vlploduo|/ Euhqqdq dqg Vxeudkpdq|dp +4<<9, uhjuhvvhg wkh uhdol}hg h{fhvv uhwxuqv ri wkhlu

sruwirolrv rq wkh Idpd0Iuhqfk htxlw| pdunhw idfwruv1 Iru hdfk sruwirolr/ wkh| udq d Idpd0Iuhqfk

uhjuhvvlrq prgho dxjphqwhg zlwk dq lqwhufhsw whup1 Xqghu wkh qxoo k|srwkhvhv wkdw oltxlglw|

kdv qr dgglwlrqdo srzhu lq h{sodlqlqj h{fhvv htxlw| uhwxuqv/ wkh lqwhufhswv ri wkhvh uhjuhvvlrqv

vkrxog qrw eh mrlqwo| vljql�fdqwo| gl�huhqw iurp }hur1 Wklv qxoo k|srwkhvlv zdv dovr whvwhg e|

dq dowhuqdwlyh uhjuhvvlrq prgho1 Djdlq wkh sruwirolrv* h{fhvv uhwxuqv zhuh xvhg dv ghshqghqw

yduldeohv1 Krzhyhu/ wkh sruwirolr0vshfl�f lqwhufhswv zhuh uhsodfhg e| d frpprq lqwhufhsw iru

doo sruwirolrv/ dqg d sruwirolr0vshfl�f oltxlglw| yduldeoh zdv dgghg wr wkh uhjuhvvlrq htxdwlrq1

Iru erwk uhjuhvvlrq prghov/ wkh qxoo k|srwkhvlv kdg wr eh uhmhfwhg/ lpso|lqj wkdw oltxlglw| zdv

dq dgglwlrqdo vrxufh ri ulvn/ eh|rqg wkh Idpd0Iuhqfk ulvn idfwruv/ wkdw zdv sulfhg e| �qdqfldo

pdunhw sduwlflsdqwv1

615 Prgl�fdwlrqv

Zh xvh Euhqqdq dqg Vxeudkpdq|dp*v +4<<9, phwkrgrorj| wr whvw zkhwkhu oltxlglw| lv sulfhg lq

wkh hxur0ghqrplqdwhg frusrudwh erqg pdunhw1 Zh pdnh wkuhh prgl�fdwlrqv wr wkhlu phwkrg1

Iluvw/ zh xvh d erqg*v |lhog0wr0pdwxulw| lqvwhdg ri lwv uhdol}hg uhwxuq wr sur{| iru lwv h{shfwhg

uhwxuq1 Dplkxg dqg Phqghovrq +4<<4, surylghg wkh iroorzlqj dujxphqw zk| wkh |lhog ri d erqg

vkrxog frqwdlq d frpshqvdwlrq iru oltxlglw|1 Vxssrvh dq lqyhvwru zdqwv wr ex| dq looltxlg erqg1

Vlqfh wkh erqg lv looltxlg/ kh idfhv kljkhu wudqvdfwlrq frvwv zkhq kh zdqwv wr xqzlqg klv srvlwlrq

ehiruh wkh erqg*v pdwxulw|/ gxh wr d odujhu elg0dvn vsuhdg dqg2ru rughu surfhvvlqj frvwv/ wkdq

iru d frpsdudeoh/ oltxlg erqg1 Lq rughu wr shuvxdgh klp wr ex| wkh looltxlg erqg/ wkh lqyhvwru

vkrxog eh frpshqvdwhg e| d orzhu sulfh1 Wkh |lhog ri wkh looltxlg erqg vkrxog wkxv eh kljkhu

wkdq wkdw ri wkh oltxlg erqg1 Lq rwkhu zrugv/ wkh lqyhvwru lv zloolqj wr dffhsw d orzhu |lhog rq d

oltxlg erqg/ ehfdxvh ri wkh rswlrq wr oltxlgdwh klv srvlwlrq ehiruh pdwxulw| dw orzhu frvwv1

Wkh dgydqwdjh ri |lhogv ryhu uhdol}hg uhwxuqv lv wzrirog1 Iluvw/ |lhogv uhdoo| uhsuhvhqw wkh

pdunhw*v h{shfwdwlrq ri d erqg*v h{shfwhg uhwxuq wr pdwxulw|> uhdol}hg uhwxuqv/ rq wkh rwkhu

kdqg/ duh/ e| gh�qlwlrq/ uhdol}dwlrqv ri d vwrfkdvwlf surfhvv udwkhu wkdq h{shfwdwlrqv1 Wkh vhfrqg

dgydqwdjh ri |lhogv ryhu uhdol}hg uhwxuqv fdq eh xqghuvwrrg e| frqvlghulqj wkh k|srwkhwlfdo fdvh

zkhuh wkh sulfhv ri d oltxlg dqg dq looltxlg erqg dozd|v kdyh d �{hg udwlr wr hdfk rwkhu> wkh

uhdol}hg uhwxuqv ri wkhvh erqgv zloo eh h{dfwo| htxdo/ exw wkhlu |lhogv zloo gl�hu1 Vr/ wr wkh h{whqw

wkdw wkhuh lv d �{hg shufhqwdjh sulfh glvfrxqw iru looltxlglw|/ uhdol}hg uhwxuqv duh xqvxlwhg wr

ghwhuplqh zkhwkhu oltxlglw| lv d ghwhuplqdqw ri vhfxulw| sulfhv1

Wkh vhfrqg prgl�fdwlrq wr wkh Euhqqdq0Vxeudkpdq|dp iudphzrun lv wkdw zh uhsodfh wkh

wkuhh0idfwru Idpd dqg Iuhqfk +4<<6, htxlw|0pdunhw prgho e| wkhlu wzr0idfwru erqg0pdunhw
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prgho/ dxjphqwhg zlwk erqg fkdudfwhulvwlfv dv uhfrpphqghg e| Jhekdugw hw do1 +5334,1 Idpd

dqg Iuhqfk +4<<6, irxqg wzr frpprq ulvn idfwruv lq wkh uhwxuqv rq erqgv1 Wkhvh wzr erqg0

pdunhw idfwruv h{sodlqhg wkh h{fhvv uhwxuqv ri vhyhq erqg sruwirolrv= wzr jryhuqphqw erqg

sruwirolrv zlwk dyhudjh pdwxulwlhv ri 4 wr 8 |hduv dqg 9 wr 43 |hduv/ dqg �yh frusrudwh erqg

sruwirolrv zlwk dyhudjh/ Prrg|*v udwlqjv ri Ddd/ Dd/ D/ Edd dqg ehorz Edd1 Wkh h{fhvv uhwxuq

zdv gh�qhg dv wkh sruwirolr uhwxuq plqxv wkh rqh0prqwk Wuhdvxu| udwh1 Idpd dqg Iuhqfk +4<<6,

gh�qhg wkh �uvw erqg0pdunhw idfwru dv wkh gl�huhqfh ehwzhhq wkh orqj0whup jryhuqphqw erqg

uhwxuq dqg wkh rqh0prqwk Wuhdvxu| udwh dw wkh hqg ri wkh suhylrxv prqwk1 Wkxv/ wklv vorsh

idfwru vkrxog h{sodlq yduldwlrqv lq h{fhvv erqg uhwxuqv e| fkdqjhv lq wkh vorsh ri wkh Wuhdvxu|

|lhog fxuyh1 Wkh vhfrqg idfwru zdv gh�qhg dv wkh gl�huhqfh ehwzhhq wkh orqj0whup frusrudwh

erqg uhwxuq dqg wkh orqj0whup Wuhdvxu| uhwxuq1 Wklv fuhglw idfwru zdv wkhuhiruh uhodwhg wr wkh

olnholkrrg ri fuhglw hyhqwv lq wkh frusrudwh erqg sruwirolr1 Wkhvh wzr idfwruv glg d yhu| jrrg

mre lq h{sodlqlqj wkh h{fhvv uhwxuqv ri wkh vhyhq erqg sruwirolrv/ vhh Idpd dqg Iuhqfk +4<<6/

Wdeoh 6,= doo hvwlpdwhg sdudphwhuv zhuh vwdwlvwlfdoo| vljql�fdqw zlwk w0ydoxhv udqjlqj iurp ; wr

473 dqg wkh U20ydoxhv zhuh dovr kljk/ zlwk ydoxhv udqjlqj iurp :<( wr <;(1 Pruhryhu/ wkh

lqwhufhswv ri doo �yh frusrudwh erqg sruwirolrv zhuh vwdwlvwlfdoo| qrw vljql�fdqw1

Lq wkhlu dqdo|vlv/ Idpd dqg Iuhqfk +4<<6, xvhg wkh jryhuqphqw fxuyh wr fdofxodwh wkh h{fhvv

uhwxuqv dqg wkh wzr erqg0pdunhw idfwruv1 Lq frqwudvw/ zh xvh wkh vzds fxuyh1 Uhfhqwo|/ �{hg

lqfrph lqyhvwruv kdyh pryhg dzd| iurp xvlqj jryhuqphqw vhfxulwlhv wr h{wudfw ghidxow0iuhh

lqwhuhvw udwhv dqg vwduwhg xvlqj lqwhuhvw udwh vzds udwhv lqvwhdg1 Jroxe dqg Wlopdq +5333,

dqg Nrfl�f/ Txlqwrv dqg \duhg +5333, phqwlrqhg wkh glplqlvklqj dprxqwv ri XV dqg Hxurshdq

jryhuqphqw ghewv/ wkh fuhglw dqg oltxlglw| fulvhv ri 4<<;/ dqg wkh lqwurgxfwlrq ri wkh hxur lq

4<<< dv sulpdu| fdwdo|}lqj idfwruv iru wklv ghyhorsphqw1 Hpslulfdo uhvhdufk e| Krxzholqj dqg

Yruvw +5335,/ rq wkh vdph pdunhw dqg ryhu wkh vdph wlph shulrg dv rxu gdwd vhw/ lqglfdwhg wkdw

wkh vzds fxuyh zdv d ehwwhu sur{| iru wkh ghidxow0iuhh fxuyh wkdq lwv jryhuqphqw frxqwhusduw1

Jhekdugw hw do1 +5334, orrnhg dw wkh ydolglw| ri wkh Idpd0Iuhqfk erqg pdunhw prgho e| dq0

do|}lqj zkhwkhu lqglylgxdo erqg fkdudfwhulvwlfv frxog ulydo wkh wzr Idpd0Iuhqfk idfwruv1 Wkuhh

fkdudfwhulvwlfv zhuh frqvlghuhg= udwlqj/ gxudwlrq dqg Dowpdq*v +4<9;, ]0vfruhv1 Xvlqj elydul0

dwho| vruwhg sruwirolrv dqg pxowlyduldwh uhjuhvvlrqv/ Jhekdugw hw do1 +5334, frqfoxghg wkdw erwk

idfwru ordglqjv dqg fkdudfwhulvwlfv zhuh lpsruwdqw lq h{sodlqlqj erqg |lhogv dqg uhfrpphqghg d

prgho frqwdlqlqj irxu yduldeohv= wkh Idpd0Iuhqfk vorsh dqg fuhglw idfwruv/ udwlqj dqg gxudwlrq1

Lq Vhfwlrq 815/ zh vkrz wkdw iru rxu gdwd vhw wkuhh fkdudfwhulvwlfv duh uhohydqw= udwlqj/ pdwxulw|

dqg dq lqglfdwru yduldeoh wkdw htxdov 4 li d erqg lv ghqrplqdwhg lq hxurv/ dqg 3 rwkhuzlvh1

Wkhuhiruh/ rxu qxoo prgho frqvlvwv ri �yh yduldeohv= wzr Idpd0Iuhqfk idfwruv dqg wkuhh fkdudf0

whulvwlfv/ vhh Vhfwlrq 6161 Fohduo|/ doo rxu frqfoxvlrqv derxw wkh uhodwlrq ehwzhhq oltxlglw| dqg

erqg |lhogv duh edvhg rq wkh dvvxpswlrq wkdw rxu �yh0yduldeoh sulflqj prgho lv zhoo0vshfl�hg

+vhh dovr Glpvrq dqg Kdqnh +5334,,1

Wkh wklug gl�huhqfh zlwk wkh Euhqqdq0Vxeudkpdq|dp iudphzrun lv wkdw zh gr qrw xvh wkh

N|oh +4<;8, gluhfw oltxlglw| phdvxuh1 Lqvwhdg/ zh frqvlghu hljkw lqgluhfw oltxlglw| phdvxuhv/

zklfk duh ghwdlohg lq Vhfwlrq 6181
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616 Lpsohphqwdwlrq

Iru hdfk oltxlglw| phdvxuh/ zh frqvwuxfw S wlph vhulhv ri sruwirolr |lhogv dv iroorzv +wkh fkrlfh

iru S zloo eh glvfxvvhg vkruwo|,1 Hyhu| wzr zhhnv/ zh rughu doo erqgv lq wkh vdpsoh e| wkh ydoxh

ri wkdw oltxlglw| phdvxuh> rqo| erqgv wkdw kdyh douhdg| ehhq lvvxhg dqg kdyh qrw |hw pdwxuhg

ru ehhq uhghhphg rq wkdw gdwh duh xvhg lq wkh rughulqj1 Wkhq/ 433@S ( ri wkh erqgv jhwv

dvvljqhg wr hdfk ri wkh S sruwirolrv1 Zh gr wklv lq vxfk d zd| wkdw iru hdfk oltxlglw| phdvxuh

sruwirolr 4 frqwdlqv wkh prvw oltxlg erqgv dqg sruwirolr S wkh prvw looltxlg erqgv1 Hyhu| gd|

zh fdofxodwh wkh sruwirolr |lhog dv wkh xqzhljkwhg dyhudjh ri wkh |lhogv ri wkh erqgv wkdw pdnh

xs wkh sruwirolr1 Wkh erqg |lhog lv fdofxodwhg dv iroorzv= li d erqg lv qrw txrwhg/ zh glvuhjdug

lw iru wkdw gd|> li lw lv txrwhg e| rqh sulflqj vrxufh/ zh xvh wkdw |lhog> li lw lv txrwhg e| pruh

wkdq rqh sulflqj vrxufh/ zh xvh wkh dyhudjh txrwh1

Olnh Euhqqdq dqg Vxeudkpdq|dp +4<<9,/ zh frqvlghu wzr uhjuhvvlrq prghov1 Iru phdvxuh

l/ prgho 4 lv

\ �
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zkhuh \ �
R| lv wkh h{fhvv |lhog ri wkh s|� phdvxuh0l sruwirolr rq gd| w> dqg I�| dqg I2| duh wkh

wzr Idpd0Iuhqfk idfwruv dqg F�
�R|> F

�
2R| dqg F�

�R| duh wkh wkuhh sruwirolr fkdudfwhulvwlfv1 Wkh

glvwxuedqfh whupv duh doorzhg wr eh khwhurvfhgdvwlfdoo| glvwulexwhg dqg wr eh furvv0vhfwlrqdoo|

fruuhodwhg/ exw zh gr dvvxph wkdw wkh| duh xqfruuhodwhg dfurvv wlph1 Iru phdvxuh l> zh hvwlpdwh

doo 6S.6 frh!flhqwv
�
��
�> = = = > �

�
� > �

�
��> = = = > �

�
�� > �

�
2�> = = = > �

�
2� > �

�
�> �

�
2> �

�
�

�
iru doo S sruwirolrv vlpxo0

wdqhrxvo| zlwk Ihdvleoh Jhqhudol}hg Ohdvw Vtxduhv +IJOV, dv d v|vwhp ri vhhplqjo| xquhodwhg

uhjuhvvlrqv +VXU/ vhh/ h1j1/ Juhhqh +5333/ Fkdswhu 48,,1 Wr fruuhfw iru srvvleoh dxwrfruuhodwlrqv

lq wkh glvwxuedqfhv/ zh dsso| wkh Qhzh| dqg Zhvw +4<;:, hvwlpdwru iru wkh fryduldqfh pdwul{1

Wr whvw wkh qxoo k|srwkhvlv wkdw oltxlglw| kdv qr dgglwlrqdo srzhu lq h{sodlqlqj erqg |lhogv

eh|rqg wkh wzr Idpd0Iuhqfk idfwruv dqg wkh wkuhh sruwirolr fkdudfwhulvwlfv/ zh xvh d Zdog whvw

wr ghwhuplqh wkh mrlqw vljql�fdqfh ri wkh lqwhufhswv= Kf= ��
� @ 3a = = =a��

� @ 31 Wkh whvw vwdwlvwlf

lv dv|pswrwlfdoo| "20glvwulexwhg zlwk S ghjuhhv ri iuhhgrp1 Ixuwkhu/ wr whvw wkh qxoo k|srwkhvlv

wkdw doo lqwhufhswv duh htxdo/ zh xvh d Zdog whvw iru Kf= ��
� @ = = = @ ��

� = Wklv whvw vwdwlvwlf lv

dv|pswrwlfdoo| "20glvwulexwhg zlwk S � 4 ghjuhhv ri iuhhgrp1

Uhjuhvvlrq prgho 5 uhdgv
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zkhuh wkh dvvxpswlrqv rq wkh glvwxuedqfhv duh htxdo wr wkrvh lq +4, dqg O�
R| lv wkh ydoxh ri wkh

oltxlglw| phdvxuh ri wkh s|� phdvxuh0l sruwirolr rq gd| w lq ghyldwlrq iurp lwv gdlo| dyhudjh> vr/

:



li o�R| ghqrwhv wkh ydoxh ri wkh oltxlglw| phdvxuh/ dqg �o�| lv lwv gdlo| dyhudjh/ l1h1

�o�| @
4

S

�[
R'�

o�R|>

wkhq O�
R| lv fdofxodwhg dv

O�
R| @ o�R| � �o�|=

Lq Htxdwlrq +5,/ wkh sruwirolr0vshfl�f lqwhufhswv ri Htxdwlrq +4, kdyh ehhq uhsodfhg e| d vlqjoh

lqwhufhsw dqg dq dgglwlrqdo uhjuhvvru kdv ehhq lqwurgxfhg wkdw frqwdlqv d sur{| iru sruwirolr

s*v oltxlglw|1 Wkhuhiruh/ wkh frqvwdqw oltxlglw| suhplxp ri ��
R lq uhjuhvvlrq prgho 4 kdv ehhq

uhsodfhg e| d wlph0ydu|lqj suhplxp �� . ��O�
R|/ zkhuh �� jlyhv wkh h�hfw ri wkh ghyldwlrq ri d

oltxlglw| phdvxuh iurp lwv phdq1 Lq wklv prgho/ wkh qxoo k|srwkhvlv ri qr oltxlglw| suhplxpv lv

whvwhg zlwk d Zdog whvw rq wkh mrlqw vljql�fdqfh ri �� dqg ��/ Kf= �� @ 3 a �� @ 31 Wkh whvw

vwdwlvwlf lv dv|pswrwlfdoo| "20glvwulexwhg zlwk 5 ghjuhhv ri iuhhgrp1

Iru erwk prgho 4 dqg 5/ wkhuh lv wkh sureohp wkdw li zh zdqw wr whvw zkhwkhu d sduwlfxodu

phdvxuh l lv d jrrg oltxlglw| phdvxuh wkdw zh duh dfwxdoo| whvwlqj d mrlqw k|srwkhvlv +vhh dovr

Nhpsi dqg Xkulj0Krpexuj +5333, dqg Mdqnrzlwvfk hw do1 +5335,,= looltxlglw| ohdgv wr |lhog

lqfuhdvhv dqg l lv d sur{| iru oltxlglw|1 Li zh uhmhfw wklv mrlqw k|srwkhvlv/ wkhq hlwkhu l lv d qrw

d jrrg oltxlglw| phdvxuh ru looltxlglw| grhv qrw ohdg wr |lhog lqfuhdvhv +ru erwk,1 Jlyhq wkh

vwurqj hpslulfdo hylghqfh phqwlrqhg lq Vhfwlrq 5/ zh ihho frq�ghqw wkdw d uhmhfwlrq ri wkh mrlqw

k|srwkhvlv fdq lq idfw eh wudfhg wr l ehlqj dq lqdghtxdwh oltxlglw| phdvxuh1

Zh qrz glvfxvv wkh fkrlfh iru wkh qxpehu ri sruwirolrv S iru erwk prghov1 Iru prgho 4/ zh

fuhdwh wzr sruwirolrv iru hdfk ri wkh oltxlglw| phdvxuhv1 Wklv jlyhv dq lqwxlwlyh lqwhusuhwdwlrq

ri sruwirolr 4 dv wkh *oltxlg sruwirolr* dqg sruwirolr 5 dv wkh *looltxlg sruwirolr*1 Pruhryhu/ wkh

gl�huhqfh ��
2���

� ehwzhhq wkh wzr lqwhufhswv fdq eh lqwhusuhwhg dv wkh |lhog suhplxp lqyhvwruv

jhw iru ehdulqj oltxlglw| ulvn fdxvhg e| phdvxuh l1 Lq prgho 5/ zh kdyh wr hvwlpdwh wkh vorsh

frh!flhqw ��> l1h1 wkh uhodwlrq ehwzhhq d sruwirolr*v ydoxh iru oltxlglw| phdvxuh l dqg lwv h{fhvv

|lhog1 Fohduo|/ wzr sruwirolrv zrxog eh lqvx!flhqw wr hvwlpdwh d vorsh1 Krzhyhu/ xvlqj *wrr pxfk*

sruwirolrv glplqlvkhv wkh srzhu ri wkh Zdog whvw/ vhh O|v dqg Vdelqr +4<<5,1 Iurp wkhlu Iljxuh

4/ lw iroorzv wkdw li wkh sruwirolrv frqwdlq dssur{lpdwho| 58( ri wkh erqgv wkh srzhu ri wkh whvw

ri qr uhodwlrq ehwzhhq wkh oltxlglw| phdvxuh dqg wkh h{fhvv |lhog lv pd{lpl}hg1 Wkhuhiruh/ zh

xvh 7 sruwirolrv iru prgho 5=

Or dqg PdfNlqod| +4<<3, vkrzhg wkdw vhulrxv eldvhv fdq dulvh lq wkh whvw vwdwlvwlfv zkhq

sruwirolrv duh xvhg wr whvw wkh h!flhqw pdunhw k|srwkhvlv1 Wkh sruwirolrv duh frqvwuxfwhg e|

vruwlqj vhfxulwlhv rq hpslulfdo fkdudfwhulvwlfv/ zklfk w|slfdoo| iroorz hlwkhu iurp rzq uhvhdufk

rq d gdwd edvh ru iurp uhvxowv ri rwkhu sdshuv wkdw kdyh dqdo|}hg wkh vdph gdwdedvh1 Li wkh

vwdwlvwlfdo whvwv duh fduulhg rxw rq h{dfwo| wkh vdph gdwd edvh/ vljql�fdqw eldvhv lq wkh whvwv fdq

rffxu1 Or dqg PdfNlqod| +4<<3, fdoohg wklv gdwd0vqrrslqj1 Lq rxu dqdo|vlv/ gdwd0vqrrslqj lv

suredeo| olplwhg/ vlqfh rxu oltxlglw| phdvxuhv ruljlqdwh iurp wzr vrxufhv1 Iluvw/ vrph ri rxu

;



phdvxuhv iroorz iurp wkhruhwlfdo prghov1 Vhfrqg/ wkh uhpdlqlqj phdvxuhv kdyh ehhq wdnhq iurp

hpslulfdo uhvhdufk rq rwkhu erqg gdwd edvhv/ vr wkdw qr gdwd plqlqj kdv ehhq dssolhg wr rxu

gdwd edvh1

617 Frpsdulvrq

Jlyhq wkh odujh qxpehu ri oltxlglw| phdvxuhv wkdw kdyh ehhq sursrvhg lq wkh olwhudwxuh/ d qdwxudo

txhvwlrq wr dvn lv li doo phdvxuhv duh htxdoo| vxlwhg wr sur{| erqg oltxlglw| ru li vrph phdvxuhv

zrun ehwwhu wkdq rwkhuv1 Rqh zd| wr whvw wklv lv wr h{whqg prgho 5 iurp wkh suhylrxv vhfwlrq

zlwk dgglwlrqdo uhjuhvvruv iru doo rwkhu phdvxuhv
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zkhuh O��
R| lv ydoxh ri oltxlglw| phdvxuh m iru wkh s|� phdvxuh0l sruwirolr lq ghyldwlrq ri lwv gdlo|

dyhudjh> wkh dvvxpswlrqv rq wkh glvwxuedqfhv duh htxdo wr wkrvh lq Htxdwlrq +4,1 Wkh sureohp

zlwk vxfk dq dssurdfk/ krzhyhu/ lv wkdw wkh oltxlglw| phdvxuhv duh vwurqjo| fruuhodwhg1 Wklv

pd| ohdg wr pxowlfroolqhdulw| sureohpv ehwzhhq wkh uhjuhvvruv1

Lqvwhdg zh iroorz Jroguhlfk hw do1 +5335, e| uxqqlqj d vhulhv ri uhjuhvvlrqv zlwk sdluzlvh

frpelqdwlrqv ri wkh oltxlglw| phdvxuhv1 Iru hdfk frpelqdwlrq +l> n, ri phdvxuhv/ zh hvwlpdwh d

uhjuhvvlrq olnh Htxdwlrq +5, iru phdvxuh l/ dxjphqwhg zlwk phdvxuh n
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zkhuh wkh glvwxuedqfhv ehkdyh dv lq Htxdwlrq +4, = Lq wklv uhjuhvvlrq htxdwlrq4/ zh whvw iru wkh

vljql�fdqfh ri ��&= Li lw lv vljql�fdqw/ zh vd| wkdw cn dggv h{sodqdwru| srzhu wr l*/ dqg rwkhuzlvh

zh vd| wkdw cn lv vxevxphg e| l* +wklv iroorzv wkh whuplqrorj| lq Jroguhlfk hw do1 +5335,,1 E|

uhshdwlqj wklv surfhgxuh iru doo srvvleoh frpelqdwlrqv/ zh fdq frxqw wkh qxpehu ri wlphv d

phdvxuh dggv srzhu wr dqrwkhu phdvxuh/ dqg wkh qxpehu ri wlphv d phdvxuh vxevxphv dqrwkhu

phdvxuh1 Wklv lv doorzv xv wr udqn wkh gl�huhqw oltxlglw| phdvxuhv zh frqvlghu1

618 Oltxlglw| Phdvxuhv

Hpslulfdo sdshuv wkdw h{dplqhg oltxlglw| lq erqg ru htxlw| pdunhwv/ xvhg erwk gluhfw dqg

lqgluhfw phdvxuhv ri oltxlglw|1 H{dpsohv ri gluhfw oltxlglw| phdvxuhv duh txrwhg dqg h�hfwlyh

elg0dvn vsuhdgv/ txrwh dqg wudgh vl}hv/ txrwh dqg wudgh iuhtxhqflhv dqg wudglqj yroxph1 Iru

frusrudwh erqgv/ zkhuh prvw wudqvdfwlrqv rffxu rq wkh ryhu0wkh0frxqwhu pdunhw/ wkhvh gluhfw

phdvxuhv duh riwhq qrw uholdeoh dqg gl!fxow wr rewdlq1 Wkhuhiruh/ zh froohfwhg hljkw lqgluhfw

4Qrwh wkdw Jroguhlfk hw do1 +5335, �uvw ruwkrjrqdol}hg wkh ydoxhv ri phdvxuh & uhodwlyh wr phdvxuh � dqg xvhg
wkh ruwkrjrqdol}hg ydoxhv lq Htxdwlrq E�� lqvwhdg ri u�&

R|1 Wklv lv qrw qhfhvvdu|/ vlqfh/ e| wkh Iulvfk0Zdxjk
wkhruhp +vhh/ h1j1 Juhhqh +5333/ Vhfwlrq 91716,,/ wkh uhjuhvvlrq douhdg| *dxwrpdwlfdoo|* grhv wklv iru xv1
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oltxlglw| phdvxuhv iurp wkh hpslulfdo olwhudwxuh rq vryhuhljq dqg frusrudwh erqg oltxlglw|1

Wkh phdvxuhv lvvxhg dprxqw/ frxsrq dqg olvwhg duh vwdwlf/ dv wkh| duh �{hg fkdudfwhulvwlfv

ri d erqg ru lwv lvvxhu1 Wkh djh phdvxuh fkdqjhv judgxdoo| ryhu wlph1 Wkh rwkhu phdvxuhv duh

g|qdplf dqg ghshqg rq pdunhw lqirupdwlrq> wkh phdvxuhv plvvlqj sulfhv dqg sulfh yrodwlolw|

xvh gdlo| sulfh lqirupdwlrq/ zklovw wkh phdvxuhv qxpehu ri frqwulexwruv dqg |lhog glvshuvlrq

dovr frqvlghu txrwh frpsrvlwlrq lqirupdwlrq1 Wdeoh 4 vkrzv zklfk sdshuv xvhg zklfk phdvxuhv

dqg wkh h�hfwv wkh| irxqg> plvvlqj sulfhv dqg |lhog glvshuvlrq duh qrw phqwlrqhg lq wklv wdeoh/

ehfdxvh wkh| zhuh qrw xvhg lq suhylrxv sdshuv1 Zh zloo qrz glvfxvv hdfk phdvxuh lq pruh ghwdlo1

^lqvhuw Wdeoh 4 durxqg khuh`

Lvvxhg Dprxqw

Wkh lvvxhg dprxqw ri d erqg lv riwhq dvvxphg wr jlyh dq lqglfdwlrq ri lwv oltxlglw|1 Prvw lq0

yhvwphqw edqnv xvh lw dv oltxlglw| fulwhulrq lq exloglqj wkhlu erqg lqglfhv> iru h{dpsoh/ Ohkpdq

Eurwkhuv xvh wklv fulwhulrq iru wkhlu Hxur0Djjuhjdwh Frusrudwh Erqg lqgh{1 Lwv xvh zdv �uvw

sursrvhg e| Ilvkhu +4<8<,/ zkr fodlphg wkdw odujh lvvxhv vkrxog wudgh pruh riwhq/ vr wkdw wkh

lqgluhfw phdvxuh lvvxhg dprxqw lv dfwxdoo| d sur{| iru wkh gluhfw oltxlglw| phdvxuh wudglqj yro0

xph1 Vlqfh Ilvkhu/ vhyhudo dowhuqdwlyh k|srwkhvhv kdyh ehhq sxw iruzdug wkdw dovr suhglfw d

srvlwlyh h�hfw ri lvvxhg dprxqw rq oltxlglw| +dqg wkxv rq erqg sulfhv,1 Lq pdunhw plfurvwuxf0

wxuh prghov/ olnh Vplgw +4<:4, dqg Jdupdq +4<:9,/ wudqvdfwlrq frvwv dulvh/ ehfdxvh ghdohuv krog

lqyhqwrulhv1 Ixuwkhu/ ghdohuv*v lqyhqwru| frvwv duh kljkhu li lw lv pruh gl!fxow wr rewdlq lqiru0

pdwlrq derxw d vhfxulw| dqg li wkh h{shfwhg kroglqj wlph lv orqjhu1 Fudeeh dqg Wxuqhu +4<<8,

vxevhtxhqwo| uhdvrqhg wkdw odujh lvvxhv pd| kdyh orzhu lqirupdwlrq frvwv/ vlqfh pruh lqyhvwruv

rzq wkhp ru kdyh dqdo|}hg lwv ihdwxuhv> vlploduo|/ lqirupdwlrq derxw vpdoo lvvxhv pd| eh ohvv

eurdgo| glvvhplqdwhg dprqj lqyhvwruv1 Wkhuhiruh/ vpdoo lvvxhv zloo kdyh d kljkhu |lhog gxh wr

dq looltxlglw| suhplxp1 Dqrwkhu iuhtxhqwo| khdug dujxphqw/ iru lqvwdqfh lq Vdulj dqg Zdujd

+4<;<, dqg Dplkxg dqg Phqghovrq +4<<4,/ lv wkdw erqgv zlwk vpdoohu lvvxhg dprxqwv whqg wr

jhw orfnhg lq ex|0dqg0krog sruwirolrv pruh hdvlo|/ uhgxflqj wkh wudghdeoh dprxqw dqg wkxv wkhlu

oltxlglw|1 Wr vxppdul}h/ zh k|srwkhvl}h d qhjdwlyh h�hfw ri lvvxhg dprxqw rq |lhogv1

Wdeoh 4 vkrzv wkdw pdq| hpslulfdo sdshuv frqvlghuhg lvvxhg dprxqw dv oltxlglw| phdvxuh1

Wkh sdshuv rq Wuhdvxu| vhfxulwlhv irxqg qhjdwlyh dqg prvwo| vljql�fdqw h�hfwv/ vr wkdw odujhu

Wuhdvxu| lvvxhv kdyh orzhu |lhogv/ dv h{shfwhg1 Hpslulfdo uhvhdufk rq frusrudwh erqgv lv lqfrq0

foxvlyh/ wkrxjk= erwk qhjdwlyh dqg srvlwlyh frh!flhqwv duh revhuyhg1 PfJlqw| +5334, frq�uphg

wklv e| vkrzlqj wkdw prvw odujh lvvxhv lq klv frusrudwh erqg vdpsoh zhuh oltxlg/ exw vrph odujh

lvvxhv zhuh dovr looltxlg dqg vrph vpdoo lvvxhv zhuh oltxlg1

Frxsrq

Dplkxg dqg Phqghovrq +4<<4, dujxhg wkdw �qdqfldo lqvwlwxwlrqv wkdw duh frqvwudlqhg wr glv0

wulexwh rqo| frxsrq lqfrph rq wkhlu lqyhvwphqwv pd| suhihu erqgv zlwk kljkhu frxsrq shu0

fhqwdjhv1 Wklv kljkhu ghpdqg iru kljk0frxsrq erqgv lpsolhv orzhu |lhogv1 Rq wkh rwkhu kdqg/
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frxsrq lv dovr iuhtxhqwo| vhhq dv d sur{| iru wd{ h�hfwv/ vhh/ h1j1/ Vkloohu dqg Prgljoldql +4<:<,=

li frxsrq lqfrph lv wd{hg/ wkhq erqgv zlwk kljkhu frxsrqv zloo kdyh kljkhu ehiruh0wd{ |lhogv1

Lq dgglwlrq/ orzhu0udwhg frpsdqlhv zloo w|slfdoo| lvvxh kljkhu0frxsrq erqgv/ vr wkdw kljkhu

frxsrqv duh djdlq dvvrfldwhg zlwk kljkhu |lhogv1 Wkh suhglfwhg vljq ri wkh phdvxuh frxsrq lv

wkxv dpeljxrxv1

Ihz hpslulfdo sdshuv hpsor|hg phdvxuh frxsrq/ vhh Wdeoh 41 Wzr sdshuv irxqg dq lqvljql�0

fdqw/ srvlwlyh frh!flhqw/ zkhuhdv rqh sdshu/ Dplkxg dqg Phqghovrq +4<<4,/ irxqg d vljql�fdqw

qhjdwlyh h�hfw1

Olvwhg

Doh{dqghu hw do1 +5333, uhdvrqhg wkdw frpsdqlhv zkrvh htxlw| lv olvwhg rq d vwrfn h{fkdqjh pxvw

glvforvh pruh lqirupdwlrq wkdq sulydwho| khog frpsdqlhv1 Dffruglqj wr wkh pdunhw plfurvwuxf0

wxuh prghov phqwlrqhg deryh/ wkh frvwv ri pdnlqj d pdunhw lq erqgv ri olvwhg �upv vkrxog wkxv

eh vpdoohu1 Wkhuhiruh/ zh k|srwkhvl}h wkdw wkh phdvxuh olvwhg lv dvvrfldwhg zlwk kljkhu oltxlglw|

dqg orzhu |lhogv1

Vlqfh Doh{dqghu hw do1 +5333, zhuh wkh rqo| dxwkruv wr xvh wkh oltxlglw| phdvxuh olvwhg/ wkh

hpslulfdo hylghqfh lv olplwhg wr wkhlu uhvxowv1 Frqwudu| wr wkhlu h{shfwdwlrqv/ wkh| irxqg wkdw

lvvxhv ri sulydwh �upv wudgh pruh dfwlyho| dqg wkxv duh pruh oltxlg wkdq lvvxhv ri olvwhg �upv1

Wkhlu h{sodqdwlrq ri wklv uhvxow zdv wkdw iru sulydwh �upv ghew lv wkh rqo| lqyhvwphqw yhklfoh/

zkloh iru sxeolf �upv erwk ghew dqg htxlw| duh wudghg> wkhuhiruh/ ghew ri sulydwh �upv pljkw

wudgh pruh dqg kdyh kljkhu oltxlglw|1

Djh

Wkh djh ri d erqg lv d srsxodu phdvxuh ri lwv oltxlglw|1 Vdulj dqg Zdujd +4<;<, revhuyhg wkdw

dv d erqg jhwv roghu/ dq lqfuhdvlqj shufhqwdjh ri lwv lvvxhg dprxqw lv devruehg lq lqyhvwruv*

ex|0dqg0krog sruwirolrv1 Wkxv/ wkh roghu d erqg jhwv/ wkh ohvv wudglqj wdnhv sodfh/ dqg wkh ohvv

oltxlg lw ehfrphv1 Pruhryhu/ rqfh d erqg ehfrphv looltxlg/ lwv vwd|v looltxlg xqwlo lw pdwxuhv1

PfJlqw| +5334, dqg Vfkxow} +5334, dovr qrwhg wkdw qhz lvvxhv wudgh pruh wkdq rog lvvxhv1

PfJlqw| phqwlrqhg ohdg pdqdjhuv* frpplwphqw wr pdnlqj pdunhw lq wkh qhzo| lvvxhg erqg1

Vfkxow} srlqwhg rxw wkdw qhz lvvxhv duh w|slfdoo| xqghusulfhg/ vr wkdw wudghuv ex| erqgv diwhu wkh

r�hulqj dqg vhoo wkhp vkruwo| wkhuhdiwhu1 Iroorzlqj wkhvh dujxphqwv/ zh k|srwkhvl}h d srvlwlyh

uhodwlrq ehwzhhq djh dqg |lhog1

Hpslulfdo uhvhdufk vwurqjo| frq�upv wkh srvlwlyh h�hfw ri djh rq |lhogv/ vhh Wdeoh 41 Wklv

�qglqj krogv iru frusrudwh dqg vryhuhljq erqgv dqg iru XV dqg Hxurshdq gdwd vhwv1 Pruhryhu/

Vfkxow} +5334, irxqg hylghqfh iru Vdulj dqg Zdujd*v +4<;<, dujxphqw/ vlqfh lq klv vdpsoh prvw

erqgv zhuh erxjkw dqg qrw vrog> lq rwkhu zrugv/ wkh erqgv zhuh sxw lq ex|0dqg0krog sruwirolrv1

Pdunhw sudfwlwlrqhuv riwhq xvh d wkuhvkrog ydoxh wr ghwhuplqh li d erqg lv crog* ru c|rxqj*=

iru vrph W> wkh| pdun doo erqgv zlwk dq djh vpdoohu wkdq W dv *|rxqj* dqg dq djh odujhu

wkdq W dv *rog*1 Vrph dfdghplf sdshuv dovr xvh vxfk d glfkrwrprxv dssurdfk iru wkh oltxlglw|
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phdvxuh djh1 Iru lqvwdqfh/ Doh{dqghu hw do1 +5333, vhw W @ 5 |hduv/ Hulfvvrq dqg Uhqdxow

+5334, xvhg W @ 6 prqwkv/ dqg Howrq hw do1 +5335, hpsor|hg d wkuhvkrog ydoxh ri 4 |hdu1 Wr

ghwhuplqh zklfk wkuhvkrog ydoxhv jlyh xvhixo glylvlrqv ri erqgv/ zh hvwlpdwh prgho 4 rq wzr

sruwirolrv/ zkhuh sruwirolr 4 frqwdlqv doo erqgv |rxqjhu wkdq W prqwkv dqg sruwirolr 5 roghu wkdq

W prqwkv/ iru W @ 5> 7> = = = > 63= Wkh gl�huhqfh �2 � �� ehwzhhq wkh sruwirolr lqwhufhswv/ l1h1 wkh

oltxlglw| suhplxp ehwzhhq rog dqg |rxqj erqgv/ dqg wkh vljql�fdqfh ri wkh Zdog whvw rq Kf=

�2 ��� @ 3 duh glvsod|hg lq Iljxuh 41 Wkuhvkrogv iurp 7 wr 57 prqwkv jlyh ulvh wr d vljql�fdqw

oltxlglw| suhplxp/ zkloh wkh 50prqwk wkuhvkrog dqg wkuhvkrogv odujhu wkdq 57 prqwkv gr qrw1

Doo wkuhvkrogv/ h{fhsw iru wkh vpdoohvw ri 5 prqwkv/ |lhog d vljql�fdqw suhplxp ri dw ohdvw 43

esv1 Wkh glylvlrq ehwzhhq |rxqj dqg rog erqgv vhhpv wr eh wkh vwurqjhvw iru d wkuhvkrog ri 47

prqwkv/ zkhuh wkh suhplxp htxdov 69 esv1 Iru wkh uhpdlqghu ri wkh sdshu/ zh duelwudulo| xvh d

wkuhvkrog ri 4 |hdu iru wkh phdvxuh djh/ dowkrxjk dq| rwkhu ydoxh ehwzhhq 3 dqg 5 |hduv frxog

dovr eh xvhg1

^lqvhuw Iljxuh 4 durxqg khuh`

Plvvlqj Sulfhv

Wkh rffxuuhqfh ri csulfh uxqv* dqg plvvlqj ydoxhv lv rxu �uvw oltxlglw| phdvxuh wkdw xvhv pdunhw

lqirupdwlrq1 Vdulj dqg Zdujd +4<;<, dujxhg wkdw li wkh oltxlglw| ri d erqg lv vx!flhqwo| orz/

lw pd| kdsshq wkdw rq vrph exvlqhvv gd| wkhuh lv yluwxdoo| qr wudglqj lq wkdw erqg1 Lq wkhlu

gdwd vhw/ wklv zdv uhfrughg dv d csulfh uxq*= wzr frqvhfxwlyh sulfhv iru d erqg zhuh lghqwlfdo1

Zh h{whqg wkhlu qrwlrq ri looltxlglw| e| frqvlghulqj qrw rqo| wkh rffxuuhqfh ri d sulfh uxq/ exw

dovr wkh rffxuuhqfh ri d plvvlqj ydoxh/ vlqfh lq erwk fdvhv wkhuh lv qr dfwlylw| lq wkdw erqg rq

wkdw gd|1 Zh zloo mrlqwo| uhihu wr wkhvh hyhqwv dv wkh phdvxuh plvvlqj sulfhv1 Zh k|srwkhvl}h d

srvlwlyh uhodwlrq ehwzhhq plvvlqj sulfhv dqg |lhog1

Sulfh Yrodwlolw|

Wkh phdvxuh sulfh yrodwlolw| lv d phdvxuh ri sulfh xqfhuwdlqw|1 Lq wkh pdunhw plfurvwuxfwxuh

prghov glvfxvvhg deryh/ ghdohuv* lqyhqwru| frvwv duh kljkhu li lqirupdwlrq xqfhuwdlqw| lv kljkhu1

Dq lpsruwdqw vrxufh ri xqfhuwdlqw| lv uhodwhg wr wkh suhglfwdelolw| ri ixwxuh sulfh pryhphqwv1

Wkhuhiruh/ zh k|srwkhvl}h wkdw d kljkhu sulfh yrodwlolw| ohdgv wr kljkhu elg0dvn vsuhdgv/ dqg wkxv

wr orzhu oltxlglw| dqg kljkhu |lhogv1

Wkh hpslulfdo hylghqfh iru sulfh xqfhuwdlqw| dv oltxlglw| phdvxuh lv pl{hg/ vhh Wdeoh 41

Vkxopdq hw do1 +4<<6, xvhg sulfh yrodwlolw| dv sur{| iru sulfh xqfhuwdlqw| dqg irxqg d vljql�fdqwo|

srvlwlyh h�hfw rq erqg vsuhdgv1 Krqj dqg Zdujd +5333, sur{lhg xqfhuwdlqw| zlwk vtxduhg

sulfh uhwxuq dqg hvwlpdwhg d srvlwlyh dqg vljql�fdqw frh!flhqw lq d uhjuhvvlrq xvlqj elg0dvn

vsuhdg dv ghshqghqw yduldeoh> wklv dovr lpsolhv d srvlwlyh h�hfw ri xqfhuwdlqw| rq erqg |lhogv1

Doh{dqghu hw do1 +5333, dssur{lpdwhg xqfhuwdlqw| dv wkh dyhudjh ri devroxwh sulfh uhwxuqv> lq

wkhlu uhjuhvvlrqv/ wkh| irxqg d vljql�fdqw/ srvlwlyh h�hfw rq wudglqj yroxph/ lpso|lqj d qhjdwlyh

uhodwlrq ehwzhhq xqfhuwdlqw| dqg |lhogv1

45



Qxpehu ri Frqwulexwruv

Wkh qxpehu ri frqwulexwruv lv rxu iroorzlqj phdvxuh ri d erqg*v oltxlglw|/ dqg wkh �uvw wkdw

xvhv txrwh frpsrvlwlrq lqirupdwlrq1 Lq Hulfvvrq dqg Uhqdxow +5334,/ d odujhu qxpehu ri dfwlyh

wudghuv frpshwlqj iru wkh vdph erqg ohdgv wr d vpdoohu sulfh glvfrxqw iru looltxlglw| dqg wkxv

d vpdoohu |lhog suhplxp1 Dowhuqdwlyho|/ Jhku dqg Pduwhoo +4<<5, dqg Mdqnrzlwvfk hw do1 +5335,

dujxhg wkdw d odujhu qxpehu ri pdunhw sduwlflsdqwv pdnhv lw hdvlhu wr wudgh d erqg/ ehfdxvh lw

lv hdvlhu wr �qg d frxqwhusduw| iru d wudqvdfwlrq dqg odujh rughuv fdq eh vsolw xs lqwr vpdoohu

sduwv zlwkrxw d�hfwlqj wkh pdunhw sulfh1 Hlwkhu zd|/ zh k|srwkhvl}h d srvlwlyh uhodwlrq ehwzhhq

wkh phdvxuh qxpehu ri frqwulexwruv dqg oltxlglw| dqg wkhuhiruh h{shfw d qhjdwlyh h�hfw ri wklv

phdvxuh rq erqg |lhogv1

Gluhfw hpslulfdo hylghqfh rq wkh qxpehu ri frqwulexwruv oltxlglw| phdvxuh lv olplwhg1 Mdqnrz0

lwvfk hw do1 +5335, irxqg wkdw erqgv zlwk pruh frqwulexwruv kdyh orzhu |lhogv iru doo exw rqh

ri wkh vl{ Hxurshdq frxqwulhv wkh| dqdo|}hg1 Lqgluhfw hylghqfh lv surylghg e| Vfkxow} +5334,/

zkr vkrzhg wkdw wkhuh zdv d srvlwlyh uhodwlrq ehwzhhq wkh qxpehu ri wudghv lq d erqg dqg

wkh qxpehu ri ghdohuv dv frxqwhusduwlhv1 Ixuwkhu/ Jhku dqg Pduwhoo*v +4<<5, uhvxowv vkrzhg d

qhjdwlyh/ wkrxjk lqvljql�fdqw h�hfw ri wkh qxpehu ri ghdohuv rq wkh elg0dvn vsuhdg1

\lhog Glvshuvlrq

Rxu �qdo oltxlglw| phdvxuh/ |lhog glvshuvlrq/ uh hfwv wkh h{whqw wr zklfk pdunhw sduwlflsdqwv

djuhh rq wkh ydoxh ri d erqg1 W|fkrq dqg Ydqqhwhoervfk +5335, ghulyhg d prgho wkdw suhglfwv

wkdw li lqyhvwruv kdyh pruh khwhurjhqhrxv eholhiv/ wkh oltxlglw| suhplxp lv odujhu1 Wkh lqyhqwru|

frvwv dujxphqw/ phqwlrqhg deryh/ dssolhv khuh dv zhoo/ vlqfh ghdohuv idfh pruh xqfhuwdlqw| li

sulfhv vkrz d odujhu gl�xvlrq dprqj frqwulexwruv1 Hlwkhu zd|/ zh k|srwkhvl}h d srvlwlyh uhodwlrq

ehwzhhq vfdwwhu dqg erqg |lhogv1

Zh sur{| wklv qrwlrq ri oltxlglw| zlwk d |lhog glvshuvlrq vwdwlvwlf/ zklfk kdv qrw ehhq xvhg

ehiruh lq wkh olwhudwxuh/ dv idu dv zh nqrz1 Zh gh�qh wkh |lhog glvshuvlrq ri erqg l rq gd| w dv

wkh vwdqgdug ghyldwlrq ri shufhqwdjh |lhog gl�huhqfhv uhodwlyh wr wkh phdq

Glvshuvlrq�| @

yxxw 4

q�| � 4
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zkhuh |�|� lv wkh |lhog txrwhg e| sulflqj vrxufh m/ �|�| lv wkh dyhudjh |lhog dqg q�| lv wkh qxpehu

ri frqwulexwruv1 Wklv phdvxuh fdq rqo| eh fdofxodwhg li zh kdyh dw ohdvw wzr txrwhv iru d erqg

rq d sduwlfxodu gd|/ l1h1 li q�| A 41

Dssolfdwlrq

Wdeoh 5 jlyhv ghwdlov rq wkh fdofxodwlrq ri hdfk oltxlglw| phdvxuh1 Lw dovr vkrzv wkh h{shfwhg

vljq ri wkh phdvxuh1 Wr jhw wkh o�R| yduldeoh ri Vhfwlrq 616/ zh pxowlso| phdvxuhv zlwk d qhjdwlyh

h{shfwhg vljq e| �4= Wklv pdnhv vxuh doo �� frh!flhqwv lq prgho 5 duh h{shfwhg wr eh srvlwlyh1
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Ilqdoo|/ wkh wdeoh vkrzv wkh rughu lq zklfk erqgv duh sxw lq wkh sruwirolrv= wkh �uvw sruwirolr

dozd|v frqwdlqv wkh erqgv wkdw duh k|srwkhvl}hg wr eh prvw oltxlg/ wkh odvw sruwirolr frqwdlqv

erqgv wkdw zh h{shfw wr eh prvw looltxlg1

^lqvhuw Wdeoh 5 durxqg khuh`

Dv ghvfulehg lq Vhfwlrq 616/ hyhu| wzr zhhnv wkh sruwirolrv iru hdfk oltxlglw| phdvxuh duh

uhedodqfhg dffruglqj wr hdfk erqg*v ydoxh iru wkdw phdvxuh1 Iru wkh phdvxuhv lvvxhg dprxqw/

frxsrq/ olvwhg dqg djh/ zh xvh wkh ydoxh ri wkh oltxlglw| phdvxuh rq wkh uhedodqflqj gdwh1 Iru wkh

phdvxuhv plvvlqj sulfhv/ qxpehu ri frqwulexwruv dqg |lhog glvshuvlrq/ zh xvh wkh dyhudjh ydoxh

ryhu wkh wzr zhhnv sulru wkh uhedodqflqj gdwh1 Iru wkh phdvxuh sulfh yrodwlolw|/ zh fdofxodwh

wkh vwdqgdug ghyldwlrq ri wkh revhuyhg sulfhv ryhu wkh wzr zhhnv sulru wr wkh uhedodqflqj gdwh1

Li iru d sduwlfxodu erqg lw lv qrw srvvleoh wr fdofxodwh wkh ydoxh ri d oltxlglw| phdvxuh rq wkh

uhedodqflqj gdwh/ wkdw erqg lv ljqruhg iru wkdw phdvxuh xqwlo wkh qh{w uhedodqflqj gdwh1

7 Gdwd

Wkh gdwd duh grzqordghg iurp wkuhh gl�huhqw vrxufhv1 Ohkpdq Eurwkhuv surylghv wkh Lqwhuqd0

wlrqdo Vhfxulwlhv Lghqwl�fdwlrq Qxpehuv +LVLQv, ri wkh phpehuv ri wkhlu Hxur0Djjuhjdwh Fru0

srudwh Erqg lqgh{1 Iurp Eorrpehuj wkh uhtxluhg fkdudfwhulvwlfv ri wkhvh frusrudwh erqgv duh

grzqordghg1 Uhxwhuv 6333 H[wud surylghv gdlo| elg |lhogv ri hdfk erqg txrwhg e| gl�huhqw

sulflqj vrxufhv1 Wkh grzqordg shulrg vwduwv rq 4 Mdqxdu| 4<<< dqg hqgv rq 64 Pd| 53341 Wkh

LVLQv duh rewdlqhg iru 64 Pd| 53331 Wkh wrwdo qxpehu ri erqgv rq wklv gdwh htxdoohg 44<31

Doo erqgv wkdw duh lvvxhg lq hxurv gluhfwo| diwhu wkh fxuuhqf|*v lqwurgxfwlrq duh lqfoxghg lq wklv

dqdo|vlv1 Pruhryhu/ wkh |lhog wlph vhulhv ri hdfk frusrudwh erqg kdv dw ohdvw wzhoyh prqwkv

klvwru|1

714 Ohkpdq Eurwkhuv

Ohkpdq Eurwkhuv surylghv wkh LVLQv ri wkh frusrudwh erqgv lq wkhlu Hxur0Djjuhjdwh Frusrudwh

Erqg lqgh{1 Wklv lqgh{ vhuyhv dv d sur{| ri wkh lqyhvwphqw0judgh hxur0ghqrplqdwhg/ frusrudwh

erqg pdunhw1 Ohkpdq Eurwkhuv lpsrvhv d qxpehu ri fulwhuld ehiruh wkh frusrudwh erqgv fdq

hqwhu lwv lqgh{1 Doo erqgv pxvw eh ghqrplqdwhg lq hxurv ru lq rqh ri wkh ohjdf| fxuuhqflhv1

Ixuwkhu/ doo erqgv duh lqyhvwphqw judgh/ kdyh d �{hg0udwh frxsrq/ dw ohdvw rqh0|hdu wr pdwxulw|

dqg dq lvvxhg dprxqw ri dw ohdvw 483 ploolrq hxur1 Wkh frxqwu| ri lvvxdqfh dqg wkh frxqwu| ri

wkh lvvxhu duh qr lqgh{ fulwhuld1 Wkh fuhglw udwlqjv ri doo frusrudwh erqgv duh dovr surylghg e|

Ohkpdq Eurwkhuv1 Doo udwlqjv duh grzqordghg iru 64Pd| 53331 Gxh wr gdwd olplwdwlrqv/ zh kdyh

nhsw wkhvh udwlqjv xqfkdqjhg gxulqj wkh zkroh vdpsoh shulrg1 Ilqdoo|/ wkhlu Hxur0Djjuhjdwh

Frusrudwh Erqg EEE vxe lqgh{ lv xvhg wr frqvwuxfw wkh Idpd0Iuhqfk fuhglw idfwru1
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715 Eorrpehuj

Eorrpehuj surylghv wkh uhtxluhg erqg fkdudfwhulvwlfv1 Xvlqj wkh LVLQv wkdw duh jlyhq e| Ohkpdq

Eurwkhuv wkhvh fkdudfwhulvwlfv duh grzqordghg1 Lq fdvh dq LVLQ frgh lv qrw uhfrjql}hg e|

Eorrpehuj/ wkh erqg gdwd duh rewdlqhg iurp Ohkpdq Eurwkhuv* SF Surgxfw v|vwhp1 Iurp

wkh lqlwldo 44<3 LVLQv/ wkuhh duh qrw dydlodeoh lq wkh Eorrpehuj gdwdedvh1 Wkh grzqordghg

frusrudwh erqg fkdudfwhulvwlfv duh= lvvxhg dprxqw/ lvvxh gdwh/ pdwxulw| gdwh/ fxuuhqf|/ fdoo

gdwhv/ sxw gdwhv dqg vlqnlqj ixqg gdwhv1 Hxur0ghqrplqdwhg sdu vzds gdwd/ zklfk duh xvhg wr

fdofxodwh wkh wzr Idpd0Iuhqfk idfwruv dqg wkh sruwirolr h{fhvv |lhogv/ duh dovr grzqordghg iurp

Eorrpehuj1

716 Uhxwhuv

Uhxwhuv 6333 H[wud surylghv wkh elg |lhogv ri wkh vhohfwhg frusrudwh erqgv1 Prvw frusrudwh

erqg |lhogv lq wkh Ohkpdq Eurwkhuv Hxur0Djjuhjdwh lqgh{ duh elg |lhogv> rqo| qhzo| lvvxhg

frusrudwh erqgv kdyh dvn |lhogv gxulqj wkhlu �uvw prqwk lq wkh lqgh{ +vhh Ohkpdq Eurwkhuv

+4<<<,,1 Wkhuhiruh/ zh grzqordg elg |lhogv iurp Uhxwhuv1 Iru hdfk frusrudwh erqg/ doo sulflqj

vrxufhv +dovr fdoohg frqwulexwruv, duh grzqordghg1 Zh h{foxgh wzr Uhxwhuv sulflqj vrxufhv/ wkh

fohdulqj djhqf| LVPD dqg wzr dqrq|prxv sulflqj vrxufhv iurp wkh olvw ri frqwulexwruv/ vlqfh

wkh| duh dyhudjhv ri rwkhu sulflqj vrxufhv1 Wkh wrwdo qxpehu ri gl�huhqw sulflqj vrxufhv wkxv

rewdlqhg htxdov :71

Iurp wkh ruljlqdo 44<3 LVLQv lq wkh Ohkpdq Eurwkhuv Hxur0Djjuhjdwh Frusrudwh Erqg lqgh{/

4<4 erqgv fdqqrw eh dqdo|}hg/ ehfdxvh lw hlwkhu kdv qr Uhxwhuv Lghqwl�fdwlrq Frgh +ULF, wkdw

pdwfkhv lwv LVLQ ru lw grhv kdyh d ULF exw qr frqwulexwru1 Iru wkh uhpdlqlqj <<< erqgv/ doo elg

|lhogv iurp doo sulflqj vrxufhv duh grzqordghg1 Wklv phdqv wkdw d qxpehu ri wlph vhulhv/ htxdo

wr wkh qxpehu ri sulflqj vrxufhv/ vkrzv wkh |lhog ghyhorsphqw ri hdfk erqg1 Prvw erqgv duh

txrwhg e| pruh wkdq rqh sulflqj vrxufh1

8 Uhvxowv

Zh �uvw suhvhqw wkh uhvxowv ri dsso|lqj wkh Idpd0Iuhqfk erqg0pdunhw prgho wr wkh hqwluh vdpsoh

lq Vhfwlrq 814 dqg vkrz wkh h{whqvlrq ri wklv prgho zlwk sruwirolr fkdudfwhulvwlfv lq Vhfwlrq 8151

Qh{w/ wkh uhjuhvvlrq uhvxowv iru prghov 4 dqg 5 duh jlyhq lq Vhfwlrqv 816 dqg 8171 Ilqdoo|/ wkh

shuirupdqfh ri wkh oltxlglw| phdvxuhv lv frpsduhg lq Vhfwlrq 8181

814 Hqwluh Vdpsoh

Wr whvw zkhwkhu wkh hxur0grplqdwhg frusrudwh erqg pdunhw fdq/ rq dyhudjh/ eh ghvfulehg e|

wkh wzr0idfwru Idpd0Iuhqfk prgho/ zh �uvw uxq wkhlu prgho rq d sruwirolr frqvlvwlqj ri doo erqgv
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zkhuh wkh h{fhvv |lhog \| lv wkh dyhudjh erqg |lhog/ fdofxodwhg ryhu doo erqgv lq wkh vdpsoh/

plqxv wkh rqh0|hdu hxur vzds udwh/ wkh vorsh idfwru I�| lv gh�qhg dv wkh whq0|hdu vzds udwh

plqxv wkh rqh0|hdu vzds udwh ri wkh suhylrxv gd| dqg wkh fuhglw idfwru I2| lv fdofxodwhg dv wkh

Ohkpdq Eurwkhuv Hxur0Djjuhjdwh Frusrudwh Erqg EEE vxe lqgh{ plqxv wkh whq0|hdu hxur vzds

udwh1

Wkh �uvw urz ri Wdeoh 6 vkrzv wkh U2 dqg wkh hvwlpdwhg frh!flhqwv dorqj zlwk wkhlu w0

ydoxhv1 Wkh U2 ydoxh lv kljk dqg frpsdudeoh wr wkh ydoxhv uhsruwhg e| Idpd dqg Iuhqfk +4<<6,1

Wkh hvwlpdwhg vorsh dqg fuhglw frh!flhqwv kdyh wkh h{shfwhg srvlwlyh vljq dqg duh vwurqjo|

vwdwlvwlfdoo| vljql�fdqw1 Wkh lqwhufhsw lv qrw vwdwlvwlfdoo| vljql�fdqw/ vr wkdw wkh Idpd0Iuhqfk

prgho fdqqrw eh uhmhfwhg iru wkh hqwluh vdpsoh1

Wr whvw rxu fkrlfh iru dssur{lpdwlqj ghidxow0iuhh lqwhuhvw udwhv zlwk vzds udwhv/ uhjuhvvlrq

prgho +8, lv hvwlpdwhg djdlq/ exw zlwk wkh vzds udwhv uhsodfhg e| wkh jryhuqphqw udwhv1 Vr/

wkh h{fhvv |lhogv dqg wkh vorsh dqg fuhglw idfwruv duh qrz fdofxodwhg zlwk jryhuqphqw |lhogv1

Rxu sur{| iru hxur jryhuqphqw udwhv lv wkh Ohkpdq Eurwkhuv Hxur0Djjuhjdwh Wuhdvxu| lqgh{1

Wkh vhfrqg urz ri Wdeoh 6 vkrzv wkh uhjuhvvlrq uhvxowv1 Erwk wkh U2 dqg wkh w0ydoxhv ri wkh

vorsh dqg fuhglw idfwruv kdyh ghfuhdvhg frpsduhg wr wkh prgho zlwk vzds udwhv1 Pruhryhu/ wkh

lqwhufhsw lv qrz vljql�fdqwo| gl�huhqw iurp }hur1 Wkhuhiruh/ wkh Idpd0Iuhqfk prgho vkrxog eh

uhmhfwhg lq fdvh jryhuqphqw udwhv duh xvhg dv ghidxow0iuhh udwhv1 Wklv hpslulfdoo| frq�upv rxu

fkrlfh iru xvlqj vzds udwhv dv sur{| iru ghidxow0iuhh lqwhuhvw udwhv lqvwhdg ri wuhdvxu| udwhv1

^lqvhuw Wdeoh 6 durxqg khuh`

815 Fkdudfwhulvwlfv

Dv uhfrpphqghg e| Jhekdugw hw do1 +5334,/ zh dqdo|}h wkh dgghg ydoxh ri lqfrusrudwlqj fkdu0

dfwhulvwlfv lqwr wkh prgho1 Zh frqvlghu wkuhh fkdudfwhulvwlfv=

� Udwlqj= udwlqj ri wkh erqg*v lvvxhu dw 64 Pd| 5333= DDD/ DD/ D ru EEE1

� Pdwxulw|= wkh uhpdlqlqj wlph wr pdwxulw| ri d erqg/ phdvxuhg lq |hduv1

� Hxur= zkhwkhu d erqg lv ghqrplqdwhg lq hxurv ru lq rqh ri wkh ohjdf| fxuuhqflhv1 Wklv

yduldeoh zdv qrw xvhg lq Jhekdugw hw do1 +5334,/ zkr vwxglhg XV gdwd/ exw zh qhyhuwkhohvv

frqvlghu lw wr eh uhohydqw iru rxu gdwd vhw1 Wkh prwlydwlrq lv wkdw wkh pdunhw jhqhudoo|

vhhv ohjdf| erqgv dv ohvv oltxlg/ ehfdxvh wkhvh erqgv duh uhodwlyho| rog/ qrw zhoo nqrzq wr

lqyhvwruv dqg pruh gl!fxow wr wudgh gxh wr wkh ohjdf| fxuuhqf|1

Wr ghwhuplqh zkhwkhu d fkdudfwhulvwlf lv lpsruwdqw iru h{sodlqlqj h{fhvv erqg |lhogv/ zh

iroorz wkh vdph surfhgxuh dv iru rxu oltxlglw| phdvxuhv/ dv ghvfulehg lq Vhfwlrq 616/ h{fhsw wkdw

49



wkh qxoo prgho lv qrz wkh Idpd0Iuhqfk prgho ri wkh suhylrxv vhfwlrq1 Iru hdfk fkdudfwhulvwlf l>

zh fuhdwh sruwirolrv dqg hvwlpdwh wkh iroorzlqj uhjuhvvlrq prgho
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zkhuh wkh dvvxpswlrqv rq wkh glvwxuedqfhv duh htxdo wr wkrvh lq Htxdwlrq +4, = Iru wkh fkdu0

dfwhulvwlf udwlqj/ zh fuhdwh irxu sruwirolrv= sruwirolr 4 frqwdlqv wkh DDD0udwhg erqgv/ sruwirolr

5 wkh DDv/ sruwirolr 6 wkh Dv/ dqg sruwirolr 7 wkh EEEv1 Iru wkh fkdudfwhulvwlf pdwxulw|/ wzr

sruwirolrv duh frqvwuxfwhg= sruwirolr 4 frqvlvwv ri wkh 83( vkruwhvw erqgv/ dqg sruwirolr 5 ri

wkh 83( orqjhvw erqgv15 Ilqdoo|/ iru wkh fkdudfwhulvwlf hxur/ wzr sruwirolrv duh fuhdwhg dv zhoo=

sruwirolr 4 frqwdlqv wkh hxur0ghqrplqdwhg erqgv dqg sruwirolr 5 wkh ohjdf| erqgv1

Wkh uhjuhvvlrq uhvxowv duh uhsruwhg lq Wdeoh 71 Iru udwlqj/ zh �qg wkdw wkh lqwhufhswv duh

odujhu iru orzhu udwlqjv/ dowkrxjk wkh vwhs iurp DD wr D lv yhu| vpdoo1 Wkh Idpd0Iuhqfk idfwru

ordglqjv duh doo vljql�fdqw1 Wkh Zdog whvw lqglfdwhv wkdw wkh irxu lqwhufhswv duh mrlqwo| kljko|

vljql�fdqw1 Iru pdwxulw|/ wkh lqwhufhswv ri wkh sruwirolrv uhyhdo wkdw vkruw0pdwxulw| erqgv kdyh

vpdoohu |lhogv wkdq orqj0pdwxulw| erqgv1 Wkh qxoo k|srwkhvlv wkdw wkh wzr lqwhufhswv duh mrlqwo|

htxdo wr }hur lv hdvlo| uhmhfwhg1 Ilqdoo|/ iru hxur/ wkh uhvxowv lpso| wkdw hxur0ghqrplqdwhg erqgv

kdyh vpdoohu |lhogv wkdq ohjdf| erqgv/ zlwk dq dyhudjh vsuhdg ri 54 esv ehwzhhq wkhp1 Djdlq/

wkh Zdog vwdwlvwlf lv vljql�fdqwo| gl�huhqw iurp }hur1

^lqvhuw Wdeoh 7 durxqg khuh`

Iurp wkhvh uhvxowv/ zh frqfoxgh wkdw wkh udwlqj/ pdwxulw| dqg hxur fkdudfwhulvwlfv duh lpsru0

wdqw ghwhuplqdqwv ri h{fhvv |lhog lq wkh hxur frusrudwh erqg pdunhw1 Wr pdnh wkh fkdudfwhulvwlfv

rshudwlrqdo/ zh kdyh wr wudqvirup wkhp wr d qxphulfdo vfdoh=

� Udwlqj= wkh ohwwhuv duh pdsshg wr d olqhdu vfdoh dv iroorzv= DDD@4/ DD@5/ D@6 dqg

EEE@71 Dowkrxjk wklv olqhdulw| dvvxpswlrq lv vrphzkdw fuxgh/ lw lv qrw xqfrpprq lq

wkh olwhudwxuh1 Pruhryhu/ vlqfh rxu erqgv duh doo lqyhvwphqw judgh/ dqg wkh qrq0olqhdulwlhv

lq V)S*v dqg Prrg|*v udwlqj vfdohv duh hvshfldoo| dssduhqw iru vshfxodwlyh judgh udwlqjv/

zh eholhyh wkdw wkh olqhdu vfdoh lv d uhdvrqdeoh dssur{lpdwlrq1

� Pdwxulw|= wklv lv douhdg| d frqwlqxrxv yduldeoh/ dqg wkxv qhhgv qr wudqvirupdwlrq1

� Hxur= wklv fkdudfwhulvwlf lv uhsuhvhqwhg e| dq lqglfdwru yduldeoh wkdw wdnhv wkh ydoxh 4 li

wkh erqg lv ghqrplqdwhg lq hxurv/ dqg 3 li lw lv ghqrplqdwhg lq rqh ri wkh ohjdf| fxuuhqflhv1

Wkh ydoxh ri fkdudfwhulvwlf m iru wkh s|� phdvxuh0l sruwirolr rq gd| w/ ghqrwhg F�
�R| lq Vhfwlrq

616/ lv fdofxodwhg dqdorjrxvo| wr wkh oltxlglw| yduldeoh O�
R| ehorz Htxdwlrq +5,1 Iru lqvwdqfh/ iru

wkh fkdudfwhulvwlf pdwxulw|/ lw lv wkh dyhudjh pdwxulw| ri doo txrwhg erqgv lq wkdw sruwirolr rq

wkdw gd|/ lq ghyldwlrq iurp wkh dyhudjh pdwxulw| ri doo txrwhg erqgv rq wkdw gd|1

5Wkhvh sruwirolrv duh xsgdwhg hyhu| wzr zhhnv/ mxvw olnh lq Vhfwlrq 6161
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816 Prgho 4

Iru wkh �uvw uhjuhvvlrq prgho/ Htxdwlrq +4, > zh fuhdwh wzr sruwirolrv iru doo hljkw oltxlglw|

phdvxuhv1 Wdeoh 8 frqwdlqv vrph vxppdu| vwdwlvwlfv iru wkhvh 49 sruwirolrv/ dyhudjhg ryhu

wkh ixoo vdpsoh shulrg ri 935 wudglqj gd|v1 Zh revhuyh wkdw wkh dyhudjh |lhogv ri sruwirolr 4

+frqwdlqlqj wkh k|srwkhvl}hg oltxlg erqgv, dqg sruwirolr 5 +looltxlg erqgv, duh txlwh gl�huhqw1

Wkh ghyldwlrqv udqjh iurp 3 esv +iru frxsrq, wr 8< esv +iru sulfh yrodwlolw|,1 Zh dovr vhh wkdw

wkh dyhudjh ydoxhv ri wkh oltxlglw| phdvxuhv gl�hu vxevwdqwldoo|1 H{fhsw iru wkh phdvxuhv sulfh

yrodwlolw| dqg qxpehu ri frqwulexwruv/ zh frxog suhpdwxuho| frqfoxgh wkdw wkh oltxlglw| suhplxp

lv qhjdwlyh/ vlqfh sruwirolr 4 kdv d kljkhu dyhudjh |lhog wkdq sruwirolr 51 Krzhyhu/ lw lv qrw fruuhfw

wr ixoo| dwwulexwh wkh |lhog gl�huhqfhv wr gl�huhqfhv lq oltxlglw|/ vlqfh wkh dyhudjh pdwxulw| dqg

wkh dyhudjh fuhglw zruwklqhvv dovr vwurqjo| ydu|1 Wkhuhiruh/ wklv wdeoh looxvwudwhv wkh qhfhvvlw|

ri xvlqj wkh Idpd0Iuhqfk idfwruv dqg wkh sruwirolr fkdudfwhulvwlfv wr fruuhfw iru gl�huhqfhv lq

pdwxulw| dqg fuhglw udwlqj1

^lqvhuw Wdeoh 8 durxqg khuh`

Wdeoh 9 glvsod|v wkh uhvxowv ri hvwlpdwlqj prgho 4 iru doo oltxlglw| phdvxuhv1 Doo Idpd0Iuhqfk

idfwru ordglqjv duh vwdwlvwlfdoo| vljql�fdqw dqg kdyh wkh h{shfwhg srvlwlyh vljq1 Wkh vdph krogv

iru wkh frh!flhqwv ri wkh udwlqj dqg pdwxulw| fkdudfwhulvwlfv +zlwk rqh h{fhswlrq= wkh udwlqj

frh!flhqw iru lvvxhg dprxqw lv lqvljql�fdqw,1 Wkh frh!flhqw iru wkh hxur fkdudfwhulvwlf lv

prvwo| lqvljql�fdqw/ wkrxjk lw grhv kdyh wkh h{shfwhg qhjdwlyh vljq iru vhyhq rxw ri hljkw fdvhv1

Doo U20ydoxhv duh durxqg <;(=

H{fhsw iru wkh oltxlglw| phdvxuh olvwhg/ doo lqwhufhsw sdluv duh mrlqwo| vwdwlvwlfdoo| gl�huhqw

iurp }hur dw d <8( vljql�fdqfh ohyho/ dv hylghqfhg e| wkh s0ydoxhv ri wkh Zdog vwdwlvwlfv1 Wklv

lqglfdwhv wkdw wkh uhpdlqlqj vhyhq phdvxuhv duh lqghhg deoh wr vhsdudwh wkh erqgv lq rxu gdwd vhw

lqwr wzr pxwxdoo| h{foxvlyh sruwirolrv wkdw kdyh vwdwlvwlfdoo| gl�huhqw |lhogv/ diwhu frqwuroolqj iru

gl�huhqfhv lq pdwxulw|/ udwlqj dqg fxuuhqf|1 Qh{w zh orrn dw wkh sruwirolr lqwhufhswv wkhpvhoyhv1

Li rxu k|srwkhvhv rq wkh vljq ri wkh oltxlglw| h�hfwv duh fruuhfw/ wkh lqwhufhsw ri sruwirolr 4 vkrxog

eh vpdoohu wkdq wkdw ri sruwirolr 5 iru doo oltxlglw| phdvxuhv1 Zh vhh wkdw wklv krogv iru vl{ rxw

ri hljkw fdvhv> iru olvwhg dqg sulfh yrodwlolw| wkh rughu lv uhyhuvhg1 Iru olvwhg/ wklv srvhv qr

sureohp/ vlqfh wkh Zdog whvw douhdg| lqglfdwhg wkdw iru wklv phdvxuh wkh qxoo prgho fdqqrw eh

uhmhfwhg1 Iru sulfh yrodwlolw|/ wkh lqwhufhswv duh lqfrqvlvwhqw zlwk rxu h{shfwdwlrqv/ vlqfh wkh

orz0yrodwlolw| sruwirolr kdv d kljkhu |lhog wkdq wkh kljk0yrodwlolw| sruwirolr1 Ixuwkhu/ iru wkh

phdvxuh frxsrq/ wkh uhvxowv vkrz wkdw orz frxsrq erqgv kdyh orzhu |lhogv wkdq kljk frxsrq

erqgv> wklv frqwudglfwv wkh oltxlglw| k|srwkhvlv ri Dplkxg dqg Phqghovrq +4<<4,/ exw lqvwhdg

vxssruwv wkh dowhuqdwlyh lqwhusuhwdwlrq ri frxsrq dv wd{ dqg2ru fuhglw ulvn sur{|1

Dqrwkhu zd| ri orrnlqj dw wkh lqwhufhswv/ lv wr fdofxodwh wkhlu gl�huhqfhv ��
2 � ��

�/ zklfk

zh lqwhusuhw dv wkh oltxlglw| suhplxp iru phdvxuh l1 Wkh odvw froxpq ri Wdeoh 9 vkrzv wkdw

wkh suhplxpv iru phdvxuhv |lhog glvshuvlrq dqg djh duh wkh odujhvw zlwk 57 esv dqg 53 esv/

uhvshfwlyho|/ zkloh wkh suhpld iru wkh rwkhu phdvxuhv duh ehwzhhq < dqg 46 esv1 Doo suhplxpv

duh vwdwlvwlfdoo| vljql�fdqw dw wkh <8( frq�ghqfh ohyho1
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^lqvhuw Wdeoh 9 durxqg khuh`

817 Prgho 5

Iru prgho 5> zh fuhdwh irxu sruwirolrv vlqfh lw pd{lpl}hv wkh srzhu ri wkh whvw iru wkh suhvhqfh

ri oltxlglw| h�hfwv/ vhh Vhfwlrq 6161 Xqiruwxqdwho|/ wklv phdqv zh fdqqrw frqgxfw wkh whvw iru

phdvxuhv olvwhg dqg djh/ vlqfh wkh| duh erwk elqdu| yduldeohv +*olvwhg* yhuvxv *qrw olvwhg*/ dqg

*|rxqj* yhuvxv *rog*,1 Wkh dyhudjh |lhogv dqg wkh dyhudjh oltxlglw| ydoxhv iru wkh rwkhu vl{

phdvxuhv duh vkrzq lq Wdeoh :16 Fohduo|/ wkh gl�huhqfhv ehwzhhq wkh sruwirolrv duh qrz odujhu

wkdq lq Wdeoh 8/ vlqfh zh kdyh dvvljqhg wkh erqgv wr irxu vl}h shufhqwlohv lqvwhdg ri wzr1

^lqvhuw Wdeoh : durxqg khuh`

Wkh uhjuhvvlrq uhvxowv duh glvsod|hg lq Wdeoh ;17 Wkh Zdog vwdwlvwlf wkdw whvwv iru wkh mrlqw

vljql�fdqfh ri wkh lqwhufhsw dqg wkh frh!flhqw ri wkh oltxlglw| phdvxuh lv vwdwlvwlfdoo| vljql�fdqw

iru doo vl{ phdvxuhv1 Vr/ dovr xvlqj prgho 5> zh �qg vwdwlvwlfdo hylghqfh ri wkh suhvhqfh ri

oltxlglw| h�hfwv lq rxu gdwd vhw/ diwhu frqwuroolqj iru pdwxulw|/ udwlqj dqg fxuuhqf| gl�huhqfhv

ehwzhhq wkh sruwirolrv1 Wkh vljqv ri doo oltxlglw| frh!flhqwv duh srvlwlyh/ dv k|srwkhvl}hg1

^lqvhuw Wdeoh ; durxqg khuh`

818 Frpsdulvrq

Wdeoh < vxppdul}hv wkh uhvxowv ri frqgxfwlqj wkh sdluzlvh frpsdulvrqv ehwzhhq wkh oltxlglw|

phdvxuhv/ dv ghvfulehg lq Vhfwlrq 6171 Iru hdfk phdvxuh l/ zh frxqw wkh qxpehu ri wlphv lw dggv

srzhu wr d prgho wkdw douhdg| frqwdlqv phdvxuh m= Zh dovr frxqw wkh qxpehu ri wlphv d phdvxuh

m lv vxevxphg li lw lv dgghg wr wkh prgho ri phdvxuh l1 Orrnlqj dw wkh vxp ri erwk frxqwv/ zh

vhh wkdw phdvxuhv qxpehu ri frqwulexwruv dqg hvshfldoo| sulfh yrodwlolw| rxwshuirup wkh rwkhu

irxu phdvxuhv1

^lqvhuw Wdeoh < durxqg khuh`

9 Vxppdu|

Zh xvh wkh Euhqqdq dqg Vxeudkpdq|dp +4<<9, phwkrgrorj| wr whvw zklfk phdvxuhv fdq eh

xvhg wr dssur{lpdwh oltxlglw| lq wkh hxur0ghqrplqdwhg frusrudwh erqg pdunhw1 Hljkw lqgluhfw

phdvxuhv ri oltxlglw| duh hpsor|hg= lvvxhg dprxqw/ frxsrq/ olvwhg/ djh/ plvvlqj sulfhv/ sulfh

yrodwlolw|/ qxpehu ri frqwulexwruv dqg |lhog glvshuvlrq1 Iru hdfk oltxlglw| phdvxuh/ zh frqvwuxfw

6Wkh dyhudjh pdwxulwlhv dqg udwlqjv duh rplwwhg iurp Wdeoh : iru vsdfh frqvlghudwlrqv1 Wkh| duh dydlodeoh
iurp wkh dxwkruv rq uhtxhvw1

7Wkh Idpd0Iuhqfk idfwru ordglqjv dqg wkh frh!flhqwv iru wkh sruwirolr fkdudfwhulvwlf duh rplwwhg iurp Wdeoh
; iru vsdfh frqvlghudwlrqv1 Wkh| duh dydlodeoh iurp wkh dxwkruv rq uhtxhvw1
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pxwxdoo| h{foxvlyh sruwirolrv1 Wkh wlph vhulhv ri sruwirolr |lhogv duh vxevhtxhqwo| xvhg lq wzr

Idpd dqg Iuhqfk +4<<6, uhjuhvvlrq prghov/ dxjphqwhg zlwk sruwirolr fkdudfwhulvwlfv dv uhfrp0

phqghg e| Jhekdugw hw do1 +5334,/ wr frqwuro iru gl�huhqfhv lq pdwxulw|/ fuhglw zruwklqhvv dqg

fxuuhqf|1 Zh dovr frqgxfw sdluzlvh frpsdulvrqv ehwzhhq wkh oltxlglw| phdvxuhv/ dv sursrvhg

e| Jroguhlfk hw do1 +5335,1

Wkh uhvxowv lqglfdwh wkdw wkh dxjphqwhg Idpd0Iuhqfk prgho vkrxog eh uhmhfwhg iru vhyhq

rxw ri hljkw oltxlglw| phdvxuhv1 Wkh suhplxp ehwzhhq oltxlg dqg looltxlg sruwirolrv ghshqgv rq

wkh oltxlglw| phdvxuh dqg udqjhv iurp < wr 57 edvlv srlqwv1 Wkh kljkhvw suhplxpv duh irxqg

iru wkh phdvxuhv djh dqg |lhog glvshuvlrq1 Wkh frpsdulvrq whvwv vkrz wkdw wkh phdvxuhv sulfh

yrodwlolw| dqg qxpehu ri frqwulexwruv prvw riwhq kdyh dgghg ydoxh ryhu rwkhu phdvxuhv ru wkdw

rwkhu phdvxuhv duh vxevxphg e| wkhp1
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Uhihuhqfhv

Doh{dqghu/ J1 M1/ Hgzdugv/ D1 N1 dqg Ihuul/ P1 J1 +5333,/ cWkh ghwhuplqdqwv ri wudglqj yroxph

ri kljk0|lhog frusrudwh erqgv*/ Mrxuqdo ri Ilqdqfldo Pdunhwv 6/ 4::�5371

Dowpdq/ H1 L1 +4<9;,/ cIlqdqfldo udwlrv/ glvfulplqdqw dqdo|vlv dqg wkh suhglfwlrq ri frusrudwh

edqnuxswf|*/ Mrxuqdo ri Ilqdqfh 56+7,/ 8;<�93<1

Dplkxg/ \1 dqg Phqghovrq/ K1 +4<;9,/ cDvvhw sulflqj dqg wkh elg0dvn vsuhdg*/ Mrxuqdo ri Il0

qdqfldo Hfrqrplfv 4:/ 556�57<1

Dplkxg/ \1 dqg Phqghovrq/ K1 +4<<4,/ cOltxlglw|/ pdwxulw|/ dqg wkh |lhogv rq X1V1 Wuhdvxu|

vhfxulwlhv*/ Mrxuqdo ri Ilqdqfh 79+7,/ 4744�47581

Dqqdhuw/ M1 dqg Gh Fhxvwhu/ P1 M1 N1 +4<<<,/ Prghoolqj Hxurshdq fuhglw vsuhdgv/ Zrunlqj

sdshu/ Xqlyhuvlw| ri Dqwzhus0XIVLD/ kwws=22ihwhz1uxj1df1eh2�qhfr2mdqd1kwpo1

Erxgrxnk/ M1 dqg Zklwhodz/ U1 I1 +4<<4,/ cWkh ehqfkpdun h�hfw lq wkh Mdsdqhvh jryhuqphqw

erqg pdunhw*/ Mrxuqdo ri Il{hg Lqfrph 4+5,/ 85�8<1

Erxgrxnk/ M1 dqg Zklwhodz/ U1 I1 +4<<6,/ cOltxlglw| dv d fkrlfh yduldeoh= D ohvvrq iurp wkh

Mdsdqhvh jryhuqphqw erqg pdunhw*/ Uhylhz ri Ilqdqfldo Vwxglhv 9+5,/ 598�5<51

Euhqqdq/ P1 M1/ Fkrugld/ W1 dqg Vxeudkpdq|dp/ D1 +4<<;,/ cDowhuqdwlyh idfwru vshfl�fdwlrqv/

vhfxulw| fkdudfwhulvwlfv/ dqg wkh furvv0vhfwlrq ri h{shfwhg vwrfn uhwxuqv*/ Mrxuqdo ri Ilqdq0

fldo Hfrqrplfv 7</ 678�6:61

Euhqqdq/ P1 M1 dqg Vxeudkpdq|dp/ D1 +4<<9,/ cPdunhw plfurvwuxfwxuh dqg dvvhw sulflqj= Rq wkh

frpshqvdwlrq iru looltxlglw| lq vwrfn uhwxuqv*/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv 74+6,/ 774�

7971

Fkdnudyduw|/ V1 dqg Vdundu/ D1 +4<<<,/ Oltxlglw| lq X1V1 �{hg lqfrph pdunhwv= D frpsdulvrq ri

wkh elg0dvn vsuhdg lq frusrudwh/ jryhuqphqw dqg pxqlflsdo erqg pdunhwv/ Zrunlqj sdshu/

Sxugxh Xqlyhuvlw| dqg Ihghudo Uhvhuyh Edqn ri Qhz \run1

Fkrugld/ W1/ Uroo/ U1 dqg Vxeudkpdq|dp/ D1 +5334,/ cPdunhw oltxlglw| dqg wudglqj dfwlylw|*/

Mrxuqdo ri Ilqdqfh 89+5,/ 834�8631

Fkrugld/ W1/ Vxeudkpdq|dp/ D1 dqg Dqvkxpdq/ Y1 U1 +5334,/ cWudglqj dfwlylw| dqg h{shfwhg

vwrfn uhwxuqv*/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv 8</ 6�651

Froolq0Gxiuhvqh/ S1/ Jrogvwhlq/ U1 V1 dqg Pduwlq/ M1 V1 +5334,/ cWkh ghwhuplqdqwv ri fuhglw vsuhdg

fkdqjhv*/ Mrxuqdo ri Ilqdqfh 89+9,/ BB�BB

Fruqhoo/ E1 +4<<5,/ cOltxlglw| dqg wkh sulflqj ri orz0judgh erqgv*/ Ilqdqfldo Dqdo|vwv Mrxuqdo

7;+4,/ 96�9;1
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Fudeeh/ O1 H1 dqg Wxuqhu/ F1 P1 +4<<8,/ cGrhv wkh oltxlglw| ri d ghew lvvxh lqfuhdvh zlwk

lwv vl}hB Hylghqfh iurp wkh frusrudwh erqg dqg phglxp0whup qrwh pdunhwv*/ Mrxuqdo ri

Ilqdqfh 83+8,/ 4:4<�4:671

Gdyhv/ S1 U1 dqg Hkukdugw/ P1 F1 +4<<6,/ cOltxlglw|/ uhfrqvwlwxwlrq/ dqg wkh ydoxh ri X1V1

Wuhdvxu| vwulsv*/ Mrxuqdo ri Ilqdqfh 7;+4,/ 648�65<1

Gðd}/ D1 dqg Qdyduur/ H1 +5335,/ c\lhog vsuhdg dqg whup wr pdwxulw|= ghidxow yv1 oltxlglw|*/

Hxurshdq Ilqdqfldo Pdqdjhphqw ;+7,/ iruwkfrplqj1

Glpvrq/ H1 dqg Kdqnh/ E1 +5334,/ Wkh h{shfwhg looltxlglw| suhplxp= Hylghqfh

iurp htxlw| lqgh{0olqnhg erqgv/ Zrunlqj sdshu/ Orqgrq Exvlqhvv Vfkrro/

kwws=22skg1orqgrq1hgx2ekdqnh21

Howrq/ H1 M1 dqg Juhhq/ W1 F1 +4<<;,/ cWd{ dqg oltxlglw| h�hfwv lq sulflqj jryhuqphqw erqgv*/

Mrxuqdo ri Ilqdqfh 86+8,/ 4866�48951

Howrq/ H1 M1/ Juxehu/ P1 M1/ Djudzdo/ G1 dqg Pdqq/ F1 +5335,/ Idfwruv d�hfwlqj wkh ydoxd0

wlrq ri frusrudwh erqgv/ Zrunlqj sdshu/ Vwhuq Vfkrro ri Exvlqhvv/ Qhz \run Xqlyhuvlw|/

kwws=22sdjhv1vwhuq1q|x1hgx2 hhowrq2Uhvhdufk1kwp1

Hulfvvrq/ M1 dqg Uhqdxow/ R1 +5334,/ Oltxlglw| dqg fuhglw ulvn/ Zrunlqj sdshu/ PfJloo Xqlyhuvlw|

dqg Xqlyhuvlwì Fdwkroltxh gh Orxydlq1

Idpd/ H1 I1 dqg Iuhqfk/ N1 U1 +4<<6,/ cFrpprq ulvn idfwruv lq wkh uhwxuqv rq vwrfnv dqg erqgv*/

Mrxuqdo ri Ilqdqfldo Hfrqrplfv 66+4,/ 6�891

Ilvkhu/ O1 +4<8<,/ cGhwhuplqdqwv ri ulvn suhplxpv rq frusrudwh erqgv*/ Mrxuqdo ri Srolwlfdo

Hfrqrp| 9:/ 85<�8791

Iohplqj/ P1 M1 +5334,/ Phdvxulqj Wuhdvxu| pdunhw oltxlglw|/ Zrunlqj sdshu/ Ihghudo Uhvhuyh

Edqn ri Qhz \run/ kwws=22zzz1q|1iue1ruj2updjkrph2vwd�bus253342vu4661kwpo1

Iohplqj/ P1 M1 +5335,/ cDuh odujhu Wuhdvxu| lvvxhv pruh oltxlgB Hylghqfh iurp eloo uhrshqlqjv*/

Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj 6+5,/ :3:�:681

Iulgvrq/ P1 V1 dqg Möqvvrq/ M1 J1 +4<<8,/ cVsuhdg yhuvxv Wuhdvxulhv dqg wkh ulvnlqhvv ri kljk0|lhog

erqgv*/ Mrxuqdo ri Il{hg Lqfrph 8+6,/ :<�;;1

Jdupdq/ P1 +4<:9,/ cPdunhw plfurvwuxfwxuh*/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv 6/ 58:�5:81

Jhekdugw/ Z1 U1/ Kylgnmdhu/ V1 dqg Vzdplqdwkdq/ E1 +5334,/ Wkh furvv0vhfwlrq

ri h{shfwhg frusrudwh erqg uhwxuqv= Ehwdv ru fkdudfwhulvwlfvB/ Zrunlqj sd0

shu/ D{ld Hqhuj| Hxursh/ Xqlyhuvlw| ri Pdu|odqg dqg Fruqhoo Xqlyhuvlw|/

kwws=22sdshuv1vvuq1frp2vro62sdshuv1fipBdevwudfwblg@5;453<1

Jhku/ D1 N1 dqg Pduwhoo/ W1 I1 +4<<5,/ cSulflqj h!flhqf| lq wkh vhfrqgdu| pdunhw iru lqyhvwphqw0

judgh frusrudwh erqgv*/ Mrxuqdo ri Il{hg Lqfrph 5+6,/ 57�6;1
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Jroguhlfk/ G1/ Kdqnh/ E1 dqg Qdwk|/ S1 +5335,/ Wkh sulfh ri ixwxuh oltxlglw|= Wlph0ydu|lqj

oltxlglw| lq wkh X1V1 Wuhdvxu| pdunhw/ Zrunlqj sdshu/ Orqgrq Exvlqhvv Vfkrro/ Lqvwlwxwh

ri Ilqdqfh dqg Dffrxqwlqj/ kwws=22skg1orqgrq1hgx2ekdqnh21

Jroxe/ E1 dqg Wlopdq/ O1 +5333,/ cQr urrp iru qrvwdojld lq �{hg lqfrph*/ Ulvn Mxo|/ 77�7;1

Juhhqh/ Z1 K1 +5333,/ Hfrqrphwulf Dqdo|vlv/ 7wk hgq/ Suhqwlfh Kdoo/ Qhz Mhuvh|1

Kdxjhq/ U1 D1 dqg Ednhu/ Q1 O1 +4<<9,/ cFrpprqdolw| lq wkh ghwhuplqdqwv ri h{shfwhg vwrfn

uhwxuqv*/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv 74/ 734�76<1

Krqj/ J1 dqg Zdujd/ D1 +5333,/ cDq hpslulfdo vwxg| ri erqg pdunhw wudqvdfwlrqv*/ Ilqdqfldo

Dqdo|vwv Mrxuqdo 89+5,/ 65�791

Krxzholqj/ S1 dqg Yruvw/ W1 +5335,/ Dq hpslulfdo frpsdulvrq ri ghidxow

vzds sulflqj prghov/ Zrunlqj sdshu/ Hudvpxv Xqlyhuvlw| Urwwhugdp/

kwws=22zzz1ihz1hxu1qo2ihz2shrsoh2krxzholqj21

Mdqnrzlwvfk/ U1/ Pùvhqedfkhu/ K1 dqg Slfkohu/ V1 +5335,/ Phdvxulqj wkh oltxlglw| lpsdfw rq

HPX jryhuqphqw erqg sulfhv/ Zrunlqj sdshu/ Ylhqqd Xqlyhuvlw|/ FFHIP dqg Edqn Dxv0

wuld/ kwws=22sdshuv1vvuq1frp2vro62sdshuv1fipBdevwudfwblg@635:<81

Mduurz/ U1 D1 dqg Wxuqexoo/ V1 P1 +4<<8,/ cSulflqj ghulydwlyhv zlwk fuhglw ulvn*/ Mrxuqdo ri

Ilqdqfh 83+4,/ 86�;81

Ndpdud/ D1 +4<<7,/ cOltxlglw|/ wd{hv/ dqg vkruw0whup Wuhdvxu| |lhogv*/ Mrxuqdo ri Ilqdqfldo dqg

Txdqwlwdwlyh Dqdo|vlv 5<+6,/ 736�74:1

Nhpsi/ D1 dqg Xkulj0Krpexuj/ P1 +5333,/ cOltxlglw| dqg lwv lpsdfw rq erqg sulfhv*/ Vfkpdohq0

edfk Exvlqhvv Uhylhz 85/ 59�771

Nrfl�f/ D1/ Txlqwrv/ F1 dqg \duhg/ I1 +5333,/ Lghqwli|lqj wkh ehqfkpdun vhfxulw| lq d pxowlidfwru

vsuhdg hqylurqphqw/ Il{hg Lqfrph Ghulydwlyhv Uhvhdufk/ Ohkpdq Eurwkhuv/ Qhz \run1

Nulvkqdpxuwk|/ D1 +5335,/ cWkh erqg2rog0erqg vsuhdg*/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv 99+5�

6,/ 796�8391

N|oh/ D1 +4<;8,/ cFrqwlqxrxv dxfwlrqv dqg lqvlghu wudglqj*/ Hfrqrphwulfd 86/ 4648�46681

Ohkpdq Eurwkhuv +4<<<,/ Lqwurgxfwlrq wr wkh Sdq0Hxurshdq Djjuhjdwh Lqgh{/ Uhvhdufk grfx0

phqw/ Il{hg Lqfrph Uhvhdufk1

Or/ D1 Z1 dqg PdfNlqod|/ D1 F1 +4<<3,/ cGdwd0vqrrslqj eldvhv lq whvwv ri �qdqfldo dvvhw sulflqj

prghov*/ Uhylhz ri Ilqdqfldo Vwxglhv 6+6,/ 746�79:1

O|v/ W1 dqg Vdelqr/ M1 V1 +4<<5,/ cUhvhdufk ghvljq lvvxhv lq jurxslqj0edvhg whvwv*/ Mrxuqdo ri

Ilqdqfldo Hfrqrplfv 65+6,/ 688�6;:1

PfJlqw|/ O1 +5334,/ cLvvxh vl}h yhuvxv oltxlglw| lq fuhglw*/ M1S1 Prujdq Il{hg Lqfrph Uhvhdufk 1
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Pxoolqhdx{/ G1 M1 dqg Urwhq/ L1 F1 +5335,/ cOltxlglw|/ odehov/ dqg phglxp0whup qrwhv*/ 44/ 734�

7561

Qhzh|/ Z1 dqg Zhvw/ N1 +4<;:,/ cD vlpsoh srvlwlyh vhpl0gh�qlwh/ khwhurvfhgdvwlflw| dqg dxwr0

fruuhodwlrq frqvlvwhqw fryduldqfh pdwul{*/ Hfrqrphwulfd 88/ :36�:3;1

Vdulj/ R1 dqg Zdujd/ D1 G1 +4<;<,/ cErqg sulfh gdwd dqg erqg pdunhw oltxlglw|*/ Mrxuqdo ri

Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv 57+6,/ 69:�6:;1

Vfkxow}/ S1 +5334,/ cFrusrudwh erqg wudglqj frvwv dqg sudfwlfhv= D shhn ehklqg wkh fxuwdlq*/

Mrxuqdo ri Ilqdqfh 89+5,/ 9::�9<;1

Vkloohu/ U1 M1 dqg Prgljoldql/ I1 +4<:<,/ cFrxsrq dqg wd{ h�hfwv rq qhz dqg vhdvrqhg erqg

|lhogv dqg wkh phdvxuhphqw ri wkh frvw ri ghew fdslwdo*/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv

:+6,/ 5<:�64;1

Vkxopdq/ M1/ Ed|ohvv/ P1 dqg Sulfh/ N1 +4<<6,/ cPdunhwdelolw| dqg ghidxow lq xhqfhv rq wkh |lhog

suhpld ri vshfxodwlyh0judgh ghew*/ Ilqdqfldo Pdqdjhphqw 55+6,/ 465�4741

Vplgw/ V1 +4<:4,/ cZklfk urdg wr dq h!flhqw vwrfn pdunhw= Iuhh frpshwlwlrq ru uhjxodwhg

prqrsro|*/ Ilqdqfldo Dqdo|vwv Mrxuqdo 5:+8,/ 4;�53/ 97�9<1

Vwuhexodhy/ L1 D1 +5334,/ Pdq| idfhv ri oltxlglw| dqg dvvhw sulflqj= Hylghqfh iurp

wkh X1V1 Wuhdvxu| vhfxulwlhv pdunhw/ Zrunlqj sdshu/ Orqgrq Exvlqhvv Vfkrro/

kwws=22idfxow|uhvhdufk1orqgrq1hgx2ghwzs1dvsBlg@7<851

W|fkrq/ S1 dqg Ydqqhwhoervfk/ Y1 +5335,/ Ghew ydoxdwlrq dqg pdunhwdelolw| ulvn/ Zrunlqj sdshu/

Xqlyhuvlwì fdwkroltxh gh Orxydlq/ kwws=22zzz51hfrq1xfo1df1eh2Xvhuv2y1ydqqhwhoervfk21

Yd|dqrv/ G1 +4<<;,/ cWudqvdfwlrq frvwv dqg dvvhw sulfhv= D g|qdplf htxloleulxp prgho*/ Uhylhz

ri Ilqdqfldo Vwxglhv 44+4,/ 4�8;1

Zdujd/ D1 G1 +4<<5,/ cErqg uhwxuqv/ oltxlglw| dqg plvvlqj gdwd*/ Mrxuqdo ri Ilqdqfldo dqg

Txdqwlwdwlyh Dqdo|vlv 5:+7,/ 938�94:1
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Oltxlglw| phdvxuhv

Dxwkruv Gdwd
lvvxhg

dprxqw
frxsrq olvwhg djh

sulfh

yrodwlolw|

qxpehu ri

frqwulexwruv

Frusrudwh erqgv

DHI33 XV 3- 3- .- 3-
FW<8 XV �

HJDP35 XV � .-

HU34 XV .-

JP<5 XV .�/3� .� 3�
KZ33 XV 3- .- .-

P34 HPX � �

PU35 XV .�/3�
V34 XV .

VES<6 XV � .-

Wuhdvxu| erqgv

DP<4 XV 3-
HJ<; XV .-

I35 XV �

MPS35 HPX �� 3- 3-
N35 XV 3-
NX33 2� Jhupdq| 3-
VZ;< XV 3 .-

Z<5 XV 3� .� .-

Frusrudwh ) wuhdvxu| erqgv

GQ35 Vsdlq .-/3- .-

Frusrudwh/ pxqlflsdo ) wuhdvxu| erqgv

FV<< XV .-

Wdeoh 41 Olwhudwxuh ryhuylhz1
Ryhuylhz ri oltxlglw| phdvxuhv iurp wkh hpslulfdo erqg oltxlglw| olwhudwxuh dqg wkhlu h�hfwv rq wkh erqg

|lhog1

Dxwkruv= DHI33@Doh{dqghu/ Hgzdugv dqg Ihuul +5333,/ DP<4@Dplkxg dqg Phqghovrq +4<<4,/

FV<<@Fkdnudyduw| dqg Vdundu +4<<<,/ FW<8@Fudeeh dqg Wxuqhu +4<<8,/ GQ35@Gðd} dqg

Qdyduur +5335,/ HJ<;@Howrq dqg Juhhq +4<<;,/ HJDP35@Howrq/ Juxehu/ Djudzdo dqg Pdqq

+5335,/ HU34@Hulfvvrq dqg Uhqdxow +5334,/ I35@Iohplqj +5335,/ JP<5@Jhku dqg Pduwhoo

+4<<5,/ KZ33@Krqj dqg Zdujd +5333,/ MPS35@Mdqnrzlwvfk/ Pùvhqedfkhu dqg Slfkohu +5335,/

N35@Nulvkqdpxuwk| +5335,/ NX33@Nhpsi dqg Xkulj0Krpexuj +5333,/ P34@PfJlqw| +5334,/

PU35@Pxoolqhdx{ dqg Urwhq +5335,/ V34@Vfkxow} +5334,/ VES<6@Vkxopdq/ Ed|ohvv dqg Sulfh +4<<6,/

VZ;<@Vdulj dqg Zdujd +4<;<,/ Z<5@Zdujd +4<<5,1

Gdwd= HPX@Hxurshdq Prqhwdu| Xqlrq/ XV@Xqlwhg Vwdwhv1

Ohjhqg= � qhjdwlyh> . srvlwlyh> - vljql�fdqw> � lqvljql�fdqw1

Qrwhv= 4, MPS35 frqvlghuhg wkh iroorzlqj HPX frxqwulhv= Dxvwuld/ Iudqfh/ Jhupdq|/ Lwdo|/ Vsdlq dqg

Wkh Qhwkhuodqgv1 5, Wkh sulfh glvfrxqwv lq Nhpsi ) Xkulj0Krpexuj +5333/ Wdeoh 5, fdq eh xvhg wr

fdofxodwh wkh lpsdfw ri pdwxulw| rq |lhogv1
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Sruwirolr
Oltxlglw| phdvxuh Ghwdlov Vljq �uvw odvw

Lvvxhg dprxqw wrwdo qrwlrqdo lq eloolrqv ri hxurv � odujhvw vpdoohvw

Frxsrq frxsrq udwh B vpdoohvw odujhvw

Olvwhg zkhwkhu d �up*v htxlw| lv sxeolfo| wudghg/ ru qrw � |hv qr

Djh wlph ehwzhhq lvvxh gdwh dqg txrwh gdwh lq |hduv . |rxqj rog

Plvvlqj sulfhv 4 li sulfh lv plvvlqj ru htxdo wr suhylrxv sulfh/ 3 li qrw . ohdvw prvw

Sulfh yrodwlolw| vwdqgdug ghyldwlrq ri sulfhv vlqfh suhylrxv uhedodqflqj . orzhvw kljkhvw

Qxpehu ri frqwulexwruv qxpehu ri pdunhw sduwlflsdqwv txrwlqj wkh erqg � odujhvw vpdoohvw

\lhog glvshuvlrq vhh Htxdwlrq +7, . vpdoohvw odujhvw

Wdeoh 51 Oltxlglw| phdvxuhv1
Ryhuylhz ri wkh oltxlglw| phdvxuhv/ wkhlu h{shfwhg vljqv dqg wkh sruwirolr rughu1 Wkh vljq froxpq frqwdlqv

wkh h{shfwhg vljqv ri wkh uhodwlrqvkls ehwzhhq wkh phdvxuhv dqg erqg |lhogv1 Wkh sruwirolr froxpqv vkrz

wkh rughu lq zklfk wkh udqnhg erqgv duh dvvljqhg wr wkh �uvw +prvw oltxlg, sruwirolr dqg wkh odvw +prvw

looltxlg, sruwirolr1
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Lqwhufhsw Vorsh Fuhglw -2

Vzds udwhv 3136:4 31:;8 314:6 <:1<(

E��f�� E�S�D� ES�SS�

Jryhuqphqw udwhv 3174< 31873 315:6 <813(

E�2�e� E���e� ED�eS�

Wdeoh 61 Uhvxowv iru wkh hqwluh vdpsoh1
Uhjuhvvlrq uhvxowv iru wkh Idpd0Iuhqfk prgho hvwlpdwhg rq wkh hqwluh vdpsoh zlwk hlwkhu vzds udwhv ru

jryhuqphqw udwhv dv ghidxow0iuhh lqwhuhvw udwhv +w0ydoxhv ehwzhhq sduhqwkhvhv,1

5:



Lqwhufhsw Vorsh Fuhglw Zdog -2

Udwlqj

DDD 331553 31:69 313;6; <79 <:15(

EH��f� EeS�H� Ee�ef� Ef�ff�

DD 31453 31:65 313643

ED�Sf� EDD�H� E2�fe�

D 31455 31;89 315<8

Ee�bD� EDb�e� E�D�H�

EEE 31786 31;57 31768

EH�2H� E2e�e� E�f�S�

Pdwxulw|

vkruw 331468 31968 31498 7:7 <;1;(

E��fb� E2D�f� ED��S� Ef�ff�

orqj 3157: 31<77 3146;

E���S� EH2�f� E�f�S�

Hxur

hxur 331399 31;;; 315<4 445 <:1;(

E��HD� Ee2��� E���2� Ef�ff�

ohjdf| 3146< 319;5 313575

ED�D�� EeD�.� E���D�

Wdeoh 71 Uhvxowv iru wkh fkdudfwhulvwlfv sruwirolrv1
Uhjuhvvlrq uhvxowv iru wkh Idpd0Iuhqfk prgho hvwlpdwhg iru sruwirolrv edvhg rq wkh udwlqj/ pdwxulw|

dqg hxur fkdudfwhulvwlfv +w0ydoxhv ehwzhhq sduhqwkhvhv,1 Wkh Zdog froxpq vkrzv wkh whvw rq wkh mrlqw

vljql�fdqfh ri wkh lqwhufhswv +s0ydoxh ehwzhhq sduhqwkhvhv,1

5;



\lhog Pdwxulw| Udwlqj Oltxlglw|
4 5 4 5 4 5 4 5

Lvvxhg dprxqw 8166 813< 917: 7197 3155 3168 3198 3153

Frxsrq 8154 8154 9138 8137 3158 3165 715< 91<4

Olvwhg 8159 8134 819; 8144 315: 3166 4133 3133

Djh 8177 8149 91<4 8164 314: 3163 3197 61;3

Plvvlqj sulfhv 815; 813: 913< 718: 314< 3179 314< 3179

Sulfh yrodwlolw| 71<4 8183 61;4 :157 3164 3159 3154 3178

Qxpehu ri frqwulexwruv 814< 815: 818; 8189 3155 3175 5164 31:9

\lhog glvshuvlrq 8173 8147 :175 71<4 313< 3147 317: 4183

Wdeoh 81 Sruwirolr vwdwlvwlfv1
Vxppdu| vwdwlvwlfv ri wkh wzr frqvwuxfwhg sruwirolrv xvlqj wkh hljkw oltxlglw| lqglfdwruv1 Sruwirolr 4

+uhvshfwlyho| 5, frqwdlqv wkh erqgv wkdw duh k|srwkhvl}hg wr eh prvw oltxlg +uhvshfwlyho| prvw looltxlg,1

\lhog lv wkh dyhudjh sruwirolr |lhog1 Pdwxulw| lv wkh dyhudjh wlph wr pdwxulw| lq |hduv1 Udwlqj lv wkh

dyhudjh fuhglw zruwklqhvv/ phdvxuhg rq wkh iroorzlqj vfdoh= DDD@4/ DD@5/ D@6/ EEE@71 Oltxlglw| lv

wkh dyhudjh ydoxh ri wkh oltxlglw| phdvxuh1

5<



Idfwruv Fkdudfwhulvwlfv
Lqwhufhsw Vorsh Fuhglw Udwlqj Pdwxulw| Hxur Zdog Suhplxp -2

Lvvxhg dprxqw

odujh 3313653 31;99 31544 313:53 31454 331596 91<3 4517 <;13(

Ef�HHf� ED��D� E�f�e� E��DS� EH�2e� E2�He� Ef�f�� Ef�f��

vpdoo 313<57 31:45 31463

E2��f� E�S�b� ED�D��

Frxsrq

vpdoo 33134;: 31:;9 314:7 31637 31454 331367; 541: 4413 <:1:(

Ef�S.�� ED��b� Eb�De� ES�S2� EH�fe� Ef�D�D� Ef�ff� Ef�ff�

odujh 313<4; 31:;6 314:<

E2�S.� E�.�2� E.����

Olvwhg

|hv 313486 31:;6 31498 31476 3143< 33138;4 41:5 37179 <;13(

Ef�e.S� EeD�f� E.�bD� E2��.� E.�Se� Ef�SS.� Ef�e2� Ef��b�

qr 33135<6 31:7; 31476

Ef�He2� Ee2�e� ES�.��

Djh

	4| 3313698 31<45 31585 31557 31448 3313853 871< 4<19 <;14(

E���D� ED��S� E���H� ED�D�� E���.� Ef�bfb� Ef�ff� Ef�ff�

:4| 3148< 31:74 314;3

ED�2D� E�S�e� E.�ef�

Plvvlqj sulfhv

ihz 3313648 31:<; 3147; 314;< 31497 3313684 5:1; 451; <:19(

E��f�� Eee�b� ES�bD� ED�e.� E2���� Ef�Hbf� Ef�ff� Ef�ff�

pdq| 313<9< 31:65 314::

E2�HD� E�D�S� ES�.H�

Sulfh yrodwlolw|

vpdoo 31454 31963 3149; 31647 313<98 33149< 571; 34616 <;18(

E���2� E2H�S� ES��e� ES�e2� E22�2� E2�22� Ef�ff� Ef�ff�

odujh 3313456 31<36 3148:

Ef�eDe� EDe�b� EH�eD�

Qxpehu ri frqwulexwruv

odujh 313498 31:;9 31497 31538 31473 31349< 8518 <148 <:19(

Ef�Dee� Eee�2� E.��H� ES�Hb� E2S�b� Ef�SfH� Ef�ff� Ef�ff�

vpdoo 3143; 31:7: 3143;

ED�f2� Eef��� Ee�H2�

\lhog glvshuvlrq

vpdoo 3313664 31;<6 3149< 31656 313<58 33143: 9717 5714 <;17(

E����� EDf�.� EH��H� EH��2� E�S�.� E��D2� Ef�ff� Ef�ff�

odujh 3153; 319<; 31446

E.�f�� E�S�b� ED��H�

Wdeoh 91 Uhvxowv iru prgho 41
Uhjuhvvlrq uhvxowv iru wkh Idpd0Iuhqfk prgho dxjphqwhg zlwk sruwirolr fkdudfwhulvwlfv +vhh Htxdwlrq +4,,

hvwlpdwhg iru wzr sruwirolrv edvhg rq rqh ri wkh hljkw oltxlglw| phdvxuhv +w0ydoxhv ehwzhhq sduhqwkhvhv,1

Wkh Zdog froxpq vkrzv wkh whvw rq wkh mrlqw vljql�fdqfh ri wkh lqwhufhswv +s0ydoxh ehwzhhq sduhqwkhvhv,1

Wkh Suhplxp froxpq frqwdlqv wkh gl�huhqfh ehwzhhq wkh sruwirolr lqwhufhswv lq edvlv srlqwv +s0ydoxh

ehwzhhq sduhqwkhvhv,1 63



\lhog Oltxlglw|
4 5 6 7 4 5 6 7

Lvvxhg dprxqw 816; 815; 813; 8143 31;; 316; 3157 3149

Frxsrq 8149 815: 8164 8144 617; 814: 81<< :1;8

Plvvlqj sulfhv 8168 8154 813: 8145 3138 3167 3178 3186

Sulfh yrodwlolw| 71:: 8135 816; 8196 3148 3158 316: 3187

Qxpehu ri frqwulexwruv 815: 8143 8158 8165 617; 4146 31;3 318:

\lhog glvshuvlrq 8176 816: 814< 813: 3168 3193 31<5 5148

Wdeoh :1 Sruwirolr vwdwlvwlfv1
Vxppdu| vwdwlvwlfv ri wkh irxu frqvwuxfwhg sruwirolrv xvlqj vl{ oltxlglw| lqglfdwruv1 Sruwirolr 4 +uhvshf0

wlyho| 7, frqwdlqv wkh erqgv wkdw duh k|srwkhvl}hg wr eh prvw oltxlg +uhvshfwlyho| prvw looltxlg,1 \lhog

lv wkh dyhudjh sruwirolr |lhog1 Oltxlglw| lv wkh dyhudjh ydoxh ri wkh oltxlglw| phdvxuh1 Wkh sruwirolrv*

dyhudjh pdwxulwlhv dqg udwlqjv duh rplwwhg iru vsdfh frqvlghudwlrqv1
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Lqwhufhsw Oltxlglw| Zdog -2

Lvvxhg dprxqw 313649 3166; 47: <:1<(

E���2� E���b� Ef�ff�

Frxsrq 313738 31389< 9816 <:19(

E��.�� EH�f.� Ef�ff�

Plvvlqj sulfhv 313;<7 3168: 9915 <916(

E��2�� E.�b2� Ef�ff�

Sulfh yrodwlolw| 31396: 3135<8 ;155 <;16(

E2�.D� Ef�b22� Ef�f2�

Qxpehu ri frqwulexwruv 31435 3133433 481< <915(

E��bb� Ef��.�� Ef�ff�

\lhog glvshuvlrq 313;88 313668 5;1< <:1;(

Ee�2S� E���D� Ef�ff�

Wdeoh ;1 Uhvxowv iru prgho 51
Uhjuhvvlrq uhvxowv iru wkh Idpd0Iuhqfk prgho dxjphqwhg zlwk sruwirolr fkdudfwhulvwlfv dqg d oltxlglw|

yduldeoh +vhh Htxdwlrq +5,, hvwlpdwhg iru irxu sruwirolrv edvhg rq rqh ri wkh vl{ oltxlglw| phdvxuhv +w0

ydoxhv ehwzhhq sduhqwkhvhv,1 Wkh frh!flhqwv dqg w0ydoxhv ri wkh wzr Idpd0Iuhqfk idfwruv dqg wkh wkuhh

fkdudfwhulvwlfv duh rplwwhg iru vsdfh frqvlghudwlrqv1 Wkh Zdog froxpq vkrzv wkh whvw rq wkh mrlqw

vljql�fdqfh ri wkh lqwhufhsw dqg wkh frh!flhqw ri wkh oltxlglw| yduldeoh +s0ydoxh ehwzhhq sduhqwkhvhv,1
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Dggv h{sodqdwru|
srzhu

Vxevxphv
rwkhu phdvxuh

Wrwdo

Lvvxhg dprxqw 6 4 7

Frxsrq 6 4 7

Plvvlqj sulfhv 5 4 6

Sulfh yrodwlolw| 7 7 ;

Qxpehu ri frqwulexwruv 7 5 9

\lhog glvshuvlrq 6 4 7

Wdeoh <1 Uhvxowv ri wkh frpsdulvrq whvwv1
Uhvxowv ri wkh sdluzlvh frpsdulvrqv ri vl{ oltxlglw| phdvxuhv +vhh Htxdwlrq +6,,1 Wkh wdeoh glvsod|v wkh

qxpehu ri wlphv d phdvxuh dggv h{sodqdwru| srzhu wr dqrwkhu phdvxuh/ dv zhoo dv wkh qxpehu ri wlphv

d phdvxuh vxevxphv dqrwkhu phdvxuh1 Wkh wrwdo froxpq frqwdlqv wkh vxp ri erwk frxqwv1
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Iljxuh 41 Vhohfwlqj dq djh wkuhvkrog1
Oltxlglw| suhplxp ehwzhhq wzr sruwirolrv fuhdwhg iru gl�huhqw djh wkuhvkrogv1 D vrolg vtxduh ghqrwhv

vljql�fdqfh ri wkh Zdog whvw rq wkh mrlqw vljql�fdqfh ri wkh wzr lqwhufhswv +s0ydoxh ? 3138,1
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