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Devwudfw

Lq wklv sdshu zh vwxg| wkh olih f|foh oderxu irufh sduwlflsdwlrq ri

wkuhh frkruwv ri Dphulfdq zrphq= wkrvh eruq lq wkh 4<63v/ 4<73v

dqg 4<83v1 Zh �uvw grfxphqw wkh odujh vkliwv lq oderxu vxsso|

ehkdylrxu dprqj wkhvh wkuhh frkruwv1 Zh wkhq xvh d olih f|foh prgho

zlwk hqgrjhqrxv ihpdoh oderxu irufh sduwlflsdwlrq/ frqvxpswlrq

dqg vdylqj fkrlfhv wr vhdufk iru dq h{sodqdwlrq1 Wkh g|qdplfv ri

oderxu vxsso| ghshqgv rq fklog frvwv +uhodwlyh wr hduqlqjv,/ uhwxuqv

wr h{shulhqfh dqg wkh udwh ri ghsuhfldwlrq ri kxpdq fdslwdo zkhq

rxw ri wkh oderxu pdunhw1 Zh fdoleudwh wkh prgho wr pdwfk wkh

ehkdylrxu ri wkh plggoh frkruw dqg lqyhvwljdwh zklfk fkdqjhv lq wkh

pdlq ghwhuplqdqwv ri oderxu vxsso| frxog kdyh dffrxqwhg iru wkh

vxevwdqwldo lqfuhdvh lq oderxu vxsso| lq wkh hduo| sduw ri wkh olih

f|foh revhuyhg iru wkh |rxqjhvw frkruw1 Zh frqfoxgh wkdw vkliwv lq

wkh frvw ri fkloguhq uhodwlyh wr olih wlph hduqlqjv duh wkh prvw olnho|

h{sodqdwlrq1

MHO= G<4/ M55/ M46

Nh|zrugv= ihpdoh sduwlflsdwlrq/ vdylqj/ olih0f|foh/ fklogfduh frvwv
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H{sodlqlqj Fkdqjhv lq Ihpdoh Oderxu Vxsso| lq d
Olih0f|foh Prgho4

Rud}lr Dwwdqdvlr/5 Kdplvk Orz6 dqg Ylujlqld Vdqfkh}0Pdufrv7

Vhswhpehu 5337

4 Lqwurgxfwlrq

Ihpdoh oderxu irufh sduwlflsdwlrq dqg oderxu vxsso|/ lq wkh XV/ dv

lq pdq| rwkhu ghyhorshg frxqwulhv/ kdv fkdqjhg gudpdwlfdoo| ryhu

wkh odvw 63 |hduv1 Li rqh frpsduhv wkh oderxu vxsso| ehkdylrxu

ri wkh frkruwv ri zrphq eruq lq wkh 4<63v +vxfk dv Hol}dehwk

Groh,/ 4<73v +Kloodu| Folqwrq, dqg 4<83v +Rsudk Zlqiuh|, lq lwv

ydulrxv glphqvlrqv/ wzr pdlq ihdwxuhv hphujh1 Iluvw/ frpsdulqj

wkh Hol}dehwk Groh frkruw wr wkh Kloodu| Folqwrq rqh/ zh fdq vhh

d vxevwdqwldo vkliw ri wkh djh sur�oh ri oderxu vxsso|= wkh Folqwrq

frkruw zrunhg pruh wkdq wkh Groh frkruw1 Krzhyhu/ wkh vkdsh ri

wkh djh sur�oh grhv qrw fkdqjh pxfk1 Lq sduwlfxodu/ lq erwk sur�ohv

zh revhuyh orz sduwlflsdwlrq +uhodwlyh wr rwkhu djhv, fruuhvsrqglqj

wr fklog uhdulqj |hduv1 Zkhq frpsdulqj wkh Kloodu| Folqwrq frkruw

zlwk wkh Rsudk Zlqiuh| rqh/ zh vhh wkdw wkh orz sduwlflsdwlrq udwhv

dvvrfldwhg zlwk wkh �ihuwlolw| |hduv� duh qr orqjhu suhvhqw1 Wkh dlp ri

wklv sdshu lv wr sursrvh d olih f|foh prgho ri oderxu vxsso| dqg vdylqj

wkdw frxog dffrxqw iru wkhvh gudpdwlf fkdqjhv1 Zh h{soruh zkhwkhu

fkdqjhv wr vrph vshfl�f sdudphwhuv dqg h{rjhqrxv yduldeohv ri wklv

prgho fdq jhqhudwh wkh sdwwhuqv revhuyhg lq wkh gdwd1 Ru/ wr xvh d

gl�huhqw shuvshfwlyh/ zh zdqw wr txdqwli| wkh vl}h ri fkdqjhv lq wkhvh

yduldeohv wkdw zrxog eh qhhghg wr h{sodlq wkh revhuyhg sdwwhuqv1

Wkh pdlq fkdqjh lq oderxu vxsso| ehkdylru lq wkh gdwd lv rq wkh
4Zh zrxog olnh wr wkdqn Vdud Kruuhoo/ sduwlflsdqwv dw wkh QEHU Vxpphu

Lqvwlwxwh Zrunvkrs rq wkh Djjuhjdwh Lpsolfdwlrqv ri Plfurhfrqrplf Frqvxpswlrq
Ehkdylru lq 5336/ dqg vhplqdu dxglhqfhv dw wkh Pdfur Vhplqdu dw wkh Xqlyhuvlw|
ri Shqqv|oydqld/ wkh Vwrfnkrop Vfkrro ri Hfrqrplfv dqg PdgPdf dw FHPIL1

5Xqlyhuvlw| Froohjh Orqgrq/ LIV dqg QEHU
6Xqlyhuvlw| ri Fdpeulgjh dqg LIV
7Xqlyhuvlw| ri Fdqwdeuld
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h{whqvlyh pdujlq1 Zh frqvlghu d qxpehu ri srvvleoh ghwhuplqdqwv

ri wkhvh fkdqjhv lq sduwlflsdwlrq1 Iluvw/ zdjhv pd| kdyh lqfuhdvhg

uhodwlyh wr wkh �{hg frvw ri sduwlflsdwlrq1 Iru h{dpsoh/ wkh frvwv ri

fklog0fduh pd| kdyh idoohq1 Wklv zrxog ohdg wr juhdwhu sduwlflsdwlrq

dw doo djhv dqg hvshfldoo| dprqj prwkhuv ri lqidqwv1 Vhfrqg/ rq0

wkh0mre ohduqlqj ru wkh uhwxuq wr h{shulhqfh pd| kdyh lqfuhdvhg1

Dv dujxhg e| Rolyhwwl +5334,/ wklv lqfuhdvhv wkh rssruwxqlw| frvw ri

uhgxfhg oderu vxsso|1 Wklug/ wkh ghsuhfldwlrq ri vnloov wkdw rffxuv

li dq lqglylgxdo lv qrw sduwlflsdwlqj pd| kdyh lqfuhdvhg1 Ilqdoo|/ zh

orrn dw rwkhu srvvleoh h{sodqdwlrqv/ vxfk dv dq lqfuhdvh lq wkh djh ri

prwkhuv dw fklogeluwk dqg dq lqfuhdvh lq xqfhuwdlqw| ryhu kxvedqg*v

lqfrph1 Rxu vwuxfwxudo prgho ri olih0f|foh ehkdylru dwwhpswv wr

hydoxdwh wkhvh dowhuqdwlyh h{sodqdwlrqv1

Reylrxvo|/ zdjhv duh olnho| wr eh dq lpsruwdqw ghwhuplqdqw ri

ihpdoh oderxu vxsso|1 Krzhyhu/ e| orrnlqj dw wkh g|qdplfv ri zdjhv

dorqh/ lw lv gl!fxow wr glvhqwdqjoh wkh uhwxuq wr h{shulhqfh/ wkh

ghsuhfldwlrq udwh ri kxpdq fdslwdo dqg wkh h{whqw ri sduwlflsdwlrq

eldv +vhohfwlrq,1 Pruhryhu/ wkh lqwhudfwlrqv ri wkhvh h�hfwv zlwk

rwkhu lpsruwdqw ghwhuplqdqwv +vxfk dv ihuwlolw| sdwwhuqv/ wkh frvw

ri fkloguhq/ xqfhuwdlqw|/ dqg vr rq, hyhq lq d vlpsoh olih f|foh prgho

fdq eh txlwh frpsoh{ dqg gl!fxow wr txdqwli|1 Wkh pdlq sxusrvh ri

wklv sdshu lv wr exlog d uhdolvwlf olih0f|foh hqylurqphqw lq zklfk zh

fdq h{solflwo| prgho wkh sduwlflsdwlrq fkrlfh1 Zh wkhq fdoleudwh wkh

prgho wr �w wkh ehkdylrxu ri d jlyhq frkruw dqg h{shulphqw zlwk

fkdqjhv lq wkh edvlf ghwhuplqdqwv ri oderxu vxsso| wr ghwhuplqh

zklfk duh pruh olnho| wr |lhog wkh sur�ohv ri rwkhu frkruwv1

Lq rxu olih f|foh prgho krxvhkrogv idfh xqfhuwdlqw| derxw wkh

zdjhv ri wkh kxvedqg dqg wkh zlih> pdwhuqlw| lv h{rjhqrxvo| jlyhq

dqg fkloguhq lpsrvh vrph prqhwdu| �{hg frvw zkhq prwkhuv ghflgh

wr zrun1 Ghflvlrqv duh wdnhq dw dq dqqxdo iuhtxhqf|1 Wkh prgho

wdnhv lqwr dffrxqw uhwxuqv wr h{shulhqfh dv d uhvxow ri sduwlflsdwlrq

dqg ghsuhfldwlrq ri kxpdq fdslwdo zkhq oderu pdunhw lqwhuuxswlrqv

duh pdgh1 Krxvhkrogv duh deoh wr vdyh dqg eruurz dqg zrphq

fkrrvh zkhwkhu ru qrw wr zrun1 Wkh delolw| ri vdylqj dqg eruurzlqj
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pdnhv rxu prgho gl�huhqw iurp Hfnvwhlq dqg Zroslq +4<;<, dqg

ydq Ghu Noddxz +4<<9,/ zkr hvwlpdwh vwuxfwxudo prghov ri ihpdohv*

hpsor|phqw ghflvlrq lq wkh �uvw fdvh dqg ihpdohv* hpsor|phqw

dqg pdulwdo vwdwxv ghflvlrqv lq wkh vhfrqg fdvh lpsrvlqj wkdw

frqvxpswlrq frlqflghv zlwk lqfrph1 Zlwkrxw wkh vdylqj fkrlfh/

wkh rqo| zd| wr lqwhuwhpsrudoo| vxevwlwxwh frqvxpswlrq zrxog eh

wkurxjk fkdqjlqj oderu vxsso| dqg khqfh/ lq d prgho zlwk uhwxuqv

wr h{shulhqfh/ wkh ixwxuh zdjh udwh1 Vdylqj lv srwhqwldoo| d pruh

 h{leoh wrro iru lqwhuwhpsrudo vxevwlwxwlrq dqg wkhuhiruh ljqrulqj lw

pljkw ryhuvwdwh wkh lpsruwdqfh ri oderu vxsso| fkrlfhv lq olih0f|foh

vprrwklqj1

Zh fdoleudwh rxu prgho e| pdwfklqj vlpxodwhg sduwlflsdwlrq

sur�ohv wr revhuyhg sduwlflsdwlrq sur�ohv Zh xvh revhuyhg sur�ohv

iurp wkh frkruw eruq dw wkh vwduw ri wkh *73v iru rxu fdoleudwlrq1 Zh

wkhq h{soruh wkh uroh ri gl�huhqw idfwruv lq vkdslqj fkdqjhv ri wkh

olih0f|foh zdjh sur�oh dqg sduwlflsdwlrq sur�oh1

Shqfdyho +4<<;, dqg Frohpdq dqg Shqfdyho +4<<6, uhsruw djh

sur�ohv iru sduwlflsdwlrq vlplodu wr wkrvh zh uhsruw1 Wkh idfwv rq

hpsor|phqw duh qrw lq glvsxwh1 Pruh frqwuryhuvldo lv xqghuvwdqglqj

wkh gdwd rq zdjh sur�ohv/ rq ghsuhfldwlrq ri kxpdq fdslwdo dqg rq

wkh xqghuo|lqj txhvwlrq ri zk| sduwlflsdwlrq kdv fkdqjhg1 Plqfhu

dqg Sroodfkhn +4<:7, dqg Plqfhu dqg Roihn +4<;5, glvfxvv wkh h{whqw

ri kxpdq fdslwdo ghsuhfldwlrq xqghu gl�huhqw dvvxpswlrqv rq wkh

shupdqhqfh ri ghsuhfldwlrq1 Zh uhsruw vrph vwdwlvwlfv wkdw duh

uhohydqw iru wkh ghsuhfldwlrq ri kxpdq fdslwdo zkhq rxw ri wkh

oderxu irufh vkrzlqj wkdw udwhv ri zdjh ghsuhfldwlrq dsshdu wr kdyh

lqfuhdvhg1 Krzhyhu/ zlwkrxw d wljkwo| vshfl�hg vwuxfwxudo prgho ri

sduwlflsdwlrq lw lv kdug wr lghqwli| vhsdudwho| wkh ghsuhfldwlrq udwh

iurp wkh sduwlflsdwlrq fkrlfh1

Rolyhwwl +5333, vxjjhvwv wkdw fkdqjhv lq zdjh sur�ohv dfurvv

frkruwv uh hfw d fkdqjh lq wkh uhwxuq wr h{shulhqfh1 Wkh hylghqfh zh

suhvhqw lv vrphzkdw zhdnhu= �uvw/ wkh frkruw h�hfw zklfk ohdgv wr dq

lqfuhdvh lq wkh uhwxuq wr h{shulhqfh fdq sodxvleo| eh lqwhusuhwhg dv

d |hdu h�hfw zlwk zdjhv lq wkh 4<;3v jurzlqj idvwhu wkdq lq suhylrxv
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shulrgv1 Vhfrqg/ zdjh jurzwk vhhpv wr kdyh ehqh�whg wkrvh zkr

kdyh zrunhg rqo| lqwhuplwwhqwo| dv zhoo dv wkrvh zkr kdyh zrunhg

ixoo wlph1

Wkhuh lv qrz d vxevwdqwldo olwhudwxuh dgguhvvlqj wkh xqghuo|lqj

txhvwlrq ri zk| sduwlflsdwlrq kdv fkdqjhg1 Iru h{dpsoh/ Rolyhwwl

+5334, xvhv d irxu shulrg prgho dqg wkh hvwlpdwhv ri wkh uhwxuqv wr

h{shulhqfh lq Rolyhwwl +5333, wr vkrz wkh h�hfw wkdw lqfuhdvhv lq wkh

uhwxuqv wr h{shulhqfh kdyh rq krxuv zrunhg e| zrphq1 Juhhqzrrg

dqg Vhvkdgul +5335, phdvxuh wkh lpsdfw ri whfkqrorjlfdo surjuhvv

rq wkh lqfuhdvh lq zrphq*v sduwlflsdwlrq1 Mrqhv/ Pdqxhool dqg

PfJudwwdq +5336, lqyhvwljdwh wkh h�hfw rq dyhudjh krxuv zrunhg

e| zrphq ri wkh ghfuhdvh lq wkh zdjh jhqghu jds dv zhoo dv wkh

h�hfw ri whfkqrorjlfdo surjuhvv1 Fdxfxww/ Jxqhu dqg Nqrzohv +5334,

h{soruh wkh lqwhudfwlrq ehwzhhq zdjh lqhtxdolw|/ pduuljh/ ihuwlolw|

dqg hpsor|phqw ghflvlrqv ri |rxqj zrphq1 Wkh frqwulexwlrq ri wkh

fxuuhqw sdshu lv sulpdulo| wr xvh d uhdolvwlf olih0f|foh prgho ri vdylqj

dqg sduwlflsdwlrq wr frpsduh dowhuqdwlyh h{sodqdwlrqv1

Wkh sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq 5 zh ghvfuleh wkh

gdwd wkdw prwlydwhv wkh sdshu/ lq sduwlfxodu ihpdoh hpsor|phqw

ehkdylru1 Lq sduwlfxodu/ zh irfxv rq wkh ehkdylrxu ri wkuhh frkruwv=

wkrvh ri zrphq eruq lq wkh 63v/ 73v/ dqg 83v1 Lq Vhfwlrq 6

zh ghvfuleh wkh prgho dqg zh frpsduh zlwk wkh olwhudwxuh1 Lq

vhfwlrq 7 zh uhsruw vlpxodwlrqv iru lqglylgxdov zlwk gl�huhqw

sdudphwhu vshfl�fdwlrqv1 Zh ghvfuleh �uvw wkh sdudphwhuv zh xvh

iru xqfhuwdlqw|/ uhwxuqv wr h{shulhqfh/ ghsuhfldwlrq/ fklog frvwv/

pdwhuqlw| djh dqg suhihuhqfhv1 Vhfrqg/ zh ghvfuleh rxu edvholqh

vlpxodwlrqv/ vkrzlqj sduwlflsdwlrq vwdwlvwlfv dqg olih0f|foh sur�ohv1

Lq vhfwlrq 8 zh fduu| rxw frpsdudwlyh vwdwlfv iru gl�huhqw yduldeohv

dqg lq Vhfwlrq 9/ zh glvfxvv wkh lpsolfdwlrqv ri rxu vlpxodwlrqv iru

h{sodlqlqj wkh revhuyhg fkdqjhv lq sduwlflsdwlrq ghvfulehg lq Vhfwlrq

51
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5 Gdwd

Wkh dlp ri wklv vhfwlrq lv wr looxvwudwh wkh pdlq idfwv derxw ihpdoh

oderxu vxsso| dqg derxw d qxpehu ri yduldeohv wkdw duh olnho| wr

eh lpsruwdqw ghwhuplqdqwv ri oderxu vxsso| fkrlfhv1 Fohduo|/ dv zh

glvfxvv ehorz/ vrph ri wkhvh yduldeohv frxog eh mrlqwo| ghwhuplqhg

zlwk oderxu vxsso| hlwkhu dw wkh lqglylgxdo ohyho 0 vxfk dv ihuwlolw| 0

ru lq d jhqhudo htxloleulxp vhwwlqj/ vxfk dv zdjhv1

Wkh pdlq gdwd vrxufhv zh xvh lv wkh SVLG1 Lq sduwlfxodu/ zh xvh

wkh SVLG fruh vdpsoh/ lqfoxglqj wkh VHR orz lqfrph vdpsoh1 Lq

doo rxu frpsxwdwlrqv zh xvh wkh SVLG zhljkwv1 Dv wkh irfxv ri wklv

sdshu lv d olih f|foh prgho/ zh iroorz wkuhh gl�huhqw frkruwv ri zrphq

ryhu wkh revhuyhg sduw ri wkhlu olih f|foh1 Wkh �uvw frkruw lv pdgh

xs ri zrphq eruq ehwzhhq 4<67 dqg 4<6; dqg lv wkhuhiruh revhuyhg

ehwzhhq +phgldq, djhv ri 68 dqg 931 Wkh vhfrqg frkruw frqwdlqv

zrphq eruq ehwzhhq 4<77 dqg 4<7; dqg lv revhuyhg ehwzhhq djhv

58 dqg 83/ dqg wkh wklug frkruw frqwdlqv wkrvh zrphq eruq ehwzhhq

4<87 dqg 4<8; dqg lv revhuyhg ehwzhhq djhv 58 wr 731 Vdpsoh vl}hv

duh uhsruwhg lq Wdeoh 55 lq wkh Dsshqgl{1 Zkloh zh gr qrw revhuyh

wkh frpsohwh olih f|foh sur�ohv iru hdfk frkruw/ hdfk frkruw ryhuodsv/

dw vrph djhv/ zlwk wkh rwkhuv1 Zlwk wkh lpsruwdqw fdyhdw wkdw

gl�huhqw frkruwv duh reylrxvo| revhuyhg dw wkh vdph djh dw gl�huhqw

srlqwv lq wlph/ wkhvh ryhuodsv fdq eh lqirupdwlyh derxw srvvleoh

gl�huhqfhv lq olih f|foh sur�ohv1 Rq wkh rwkhu kdqg/ zh vkrxog

nhhs lq plqg wkh lpsrvvlelolw| ri glvhqwdqjolqj/ zlwkrxw dgglwlrqdo

lqirupdwlrq/ |hdu/ djh dqg frkruw h�hfwv1

Zh frqfhqwudwh rq pduulhg zrphq1 Lw lv zhoo nqrzq wkdw wkh nh|

idfwru xqghuo|lqj wkh lqfuhdvh ri ihpdoh hpsor|phqw lq wkh XV ryhu

wkh odvw ghfdghv lv wkh fkdqjh ri pduulhg zrphq*v ehkdylru1 Wkh

pdlq lvvxh lv zkhwkhu wkh wuhqg wrzdugv pduu|lqj odwhu pljkw d�hfw

ru eldv rxu uhvxowv1 Zh vwduw rxu ghvfulswlyh dqdo|vlv zlwk oderxu

vxsso| yduldeohv1 Zh wkhq pryh rq wr zdjhv dqg wr rwkhu yduldeohv/

vxfk dv ihuwlolw|/ fklog fduh duudqjhphqwv dqg vr rq/ wkdw pljkw eh

uhohydqw iru oderxu vxsso| fkrlfhv1
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514 Idfwv wr h{sodlq= Hpsor|phqw

Zh vwduw rxu dqdo|vlv e| orrnlqj dw wkh olih f|foh sur�ohv ri krxuv

zrunhg1 Lq Iljxuh 4/ zh sorw dyhudjh krxuv zrunhg iru wkh wkuhh

frkruwv/ dyhudjlqj ryhu erwk zrunhuv dqg qrq zrunhuv1 Lq wklv �jxuh

zh �uvw vhh d sdwwhuq wkdw zh revhuyh uhshdwhgo|1 Wzr ihdwxuhv vwdqg

rxw1 Iluvw/ wkhuh lv d odujh lqfuhdvh dfurvv frkruwv lq wkh qxpehu

ri krxuv zrunhg e| zrphq/ hvshfldoo| li zh frpsduh wkh �uvw dqg

wklug frkruw1 Vhfrqg/ wkh gl�huhqfh lq wkh olih f|foh sur�oh ehwzhhq

wkh vhfrqg dqg wklug frkruw= zklovw wkh gl�huhqfh ehwzhhq wkh wzr

frkruwv lv txlwh odujh hduo| lq wkh olih f|foh zkhq sduwlflsdwlrq lv

pxfk kljkhu iru wkh wklug frkruw/ e| djh 6: wkh gl�huhqfh ehwzhhq

wkh wzr frkruwv lv plqlpdo18
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Iljxuh 4= Dyhudjh Krxuv Zrunhg

Lq Iljxuh 5/ zh uhsruw dyhudjh krxuv zrunhg e| zrphq zkr zrun1
8Lw lv srvvleoh wkdw wkh lqfuhdvhv lq sduwlflsdwlrq wkdw zh vkrz khuh duh gxh wr

|hdu h�hfwv/ zlwk sduwlflsdwlrq vlpso| ehlqj kljkhu lq pruh uhfhqw |hduv1 Wklv
h{sodqdwlrq zrxog vxjjhvw wkdw zdjhv zhuh kljkhu iru wkh |rxqjhvw frkruw lq wkh
hduo| |hduv ri zrunlqj olih wkdq iru roghu frkruwv1 Zh vkrz lq �jxuh ; ehorz wkdw
uhdo zdjhv duh/ li dq|wklqj/ orzhu iru wkh |rxqjhu frkruw1
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Zh revhuyh wkdw gl�huhqfhv dfurvv frkruwv duh pxfk vpdoohu qrz/

vxjjhvwlqj wkdw wkh pdlq fkdqjh lq zrphq*v oderxu vxsso| ehkdylrxu

lv lq sduwlflsdwlrq ghflvlrqv1 Wklv vxssrvlwlrq lv frq�uphg lq Iljxuhv

6 dqg 7 zklfk uhihu wr hpsor|phqw udwhv dqg ixoo wlph hpsor|phqw

udwhv uhvshfwlyho|1 Lq wkh iruphu fdvh d zrpdq lv fodvvl�hg dv

hpsor|hg li vkh zrunv dw ohdvw 433 krxuv shu |hdu/ zkloh lq wkh odwwhu

vkh lv frqvlghuhg zrunlqj ixoo wlph li vkh zrunv dw ohdvw 4/833 krxuv

shu |hdu1 Erwk �jxuhv vkrz odujh gl�huhqfhv lq hpsor|phqw udwhv

dfurvv wkh gl�huhqw frkruwv1 Djdlq/ lw lv lqwhuhvwlqj wr qrwh wkdw wkh

pdlq gl�huhqfhv ehwzhhq frkruwv 5 dqg 6 duh revhuyhg iurp djh 58

wr djh 681 Iru frkruw 5/ hpsor|phqw udwhv duh orz exw lqfuhdvlqj

iurp djh 58 wr djh 68/ fruuhvsrqglqj wr fklog uhdulqj |hduv1 Krzhyhu/

iru wkh |rxqjhvw frkruw/ sduwlflsdwlrq udwhv duh ohvv fruuhodwhg zlwk

zrphq*v djh1
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Iljxuh 5= Dyhudjh Krxuv Zrunhg/ Hpsor|hg Zrphq Rqo|

Qh{w/ zh irfxv rq wkh hduo| sduw ri wkh olih f|foh dqg uhodwh oderxu

vxsso| ehkdylrxu wr ihuwlolw| ehkdylrxu1 Lq Iljxuhv 8 dqg 9/ zh sorw

hpsor|phqw udwhv dqg ixoo wlph hpsor|phqw udwhv iru prwkhuv ri

;
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Iljxuh 6= Hpsor|phqw Udwh
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Iljxuh 7= Ixoo0Wlph Hpsor|phqw Udwh
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fkloguhq |rxqjhu wkdq 61 Dv iurp djh 68 rq wkhuh duh yhu| ihz

revhuydwlrqv/ zh uhvwulfw rxu frpsdulvrq wr djhv 58 wr 68 vr zh rqo|

kdyh revhuydwlrqv iru frkruwv 5 dqg 61

Wkh gl�huhqfh ehwzhhq wkh wzr frkruwv lv uhpdundeoh1 Lq frkruw 6

dv pdq| dv 98( ri prwkhuv zlwk d fklog ohvv wkdq 6 duh zrunlqj/ zkloh

wkh vdph �jxuh iru frkruw 5 lv rqo| 78(1 Wklv hylghqfh lv frqvlvwhqw

zlwk vrph idfwv uhsruwhg e| wkh XV Fhqvxv Exuhdx/ uhsurgxfhg lq

�jxuh :1 Wkh| frqvlghu zrphq wkdw zhuh prwkhuv lq irxu gl�huhqw

shulrgv 4<94098 +frkruw 4,/ 4<:40:8 +frkruw 5,/ 4<;40;8 +frkruw 6,

dqg 4<<40<8 dqg orrn dw hpsor|phqw ghflvlrqv ehiruh dqg diwhu

fklogeluwk1 Iljxuh : vkrzv wkdw wkh �uvw wzr frkruwv zhuh xqolnho|

wr kdyh uhwxuqhg wr wkh oderu pdunhw d |hdu diwhu eluwk1 Krzhyhu/

iru wkh wzr |rxqjhvw frkruwv hpsor|phqw udwhv wkuhh prqwkv diwhu

fklogeluwk duh vlplodu wr wkrvh wzr prqwkv ehiruh1
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Iljxuh 8= Hpsor|phqw Udwhv ri Prwkhuv ri Fkloguhq ohvv wkdq 6 |uv

Wkh zrphq ehorqjlqj wr wkh wkuhh frkruwv zh duh vwxg|lqj duh

yhu| gl�huhqw lq pdq| glphqvlrqv1 D yhu| lpsruwdqw rqh lv wkhlu

hgxfdwlrq dfklhyhphqwv1 Wkh phpehuv ri wkh |rxqjhvw frkruw

duh pxfk pruh hgxfdwhg wkdq wkhlu suhghfhvvruv= lq wkh Fxuuhqw

Srsxodwlrq Vxuyh|/ rqo| 53( ri wkh zrphq ehorqjlqj wr rxu frkruw
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Iljxuh 9= Ixoo0Wlph Hpsor|phqw Udwhv/ Prwkhuv ri fkloguhq ohvv wkdq 6 |uv
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Iljxuh := Vshhg ri Uhwxuq Diwhu Fklogeluwk
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4 kdg pruh wkdq kljk vfkrro hgxfdwlrq1 Wklv shufhqwdjh lqfuhdvhg

wr 59( iru wkh vhfrqg frkruw dqg wr 74( iru wkh wklug frkruw1

Lw frxog eh wkh fdvh wkdw sduw ri wkh revhuyhg lqfuhdvh lq zrphq

hpsor|phqw udwhv zdv gxh wr d frpsrvlwlrq h�hfw1 Krzhyhu/ zkhq

uh0grlqj wkh h{huflvh iru gl�huhqw hgxfdwlrq jurxsv/ zh �qg wkdw wkh

wuhqgv mxvw glvfxvvhg fdq eh revhuyhg dw gl�huhqw hgxfdwlrq ohyhov1

Zh uhsruw wkh hylghqfh rq oderxu vxsso| +dqg zdjhv, e| hgxfdwlrq

lq wkh Dsshqgl{1

Iljxuhv 8 dqg 9 vkrzhg wkh lpsruwdqfh ri wkh fkdqjhv lq wkh

ehkdylrxu ri prwkhuv lq h{sodlqlqj wkh gl�huhqw sduwlflsdwlrq udwhv

ri frkruwv 5 dqg 61 Wr frpsohphqw wkdw hylghqfh/ lq Wdeoh 4 zh

frpsxwh/ iru frkruwv 5 dqg 6/ wkh shufhqwdjh ri zrphq wkdw h{lw iurp

wkh oderxu pdunhw iru hdfk djh ehwzhhq 59 dqg 651 Wkh wdeoh vkrzv

wkdw d vpdoohu iudfwlrq ri frkruw 6 zrphq h{lw wkh oderxu pdunhw

dw hdfk djh1 Zh vkrz lq wkh dsshqgl{ wkdw wkhvh gl�huhqfhv vwloo

h{lvw zkhq zh frqglwlrq rq hgxfdwlrq jurxs1 Rqfh rxw ri wkh oderxu

pdunhw/ zrphq ehorqjlqj wr wkh wzr frkruwv dovr gl�hu lq whupv ri

wkh dprxqw ri wlph wkh| vwd| rxw ri wkh oderxu pdunhw1 Lq Wdeoh 4 zh

uhsruw wkh phgldq gxudwlrq ri wlph rxw ri wkh oderxu pdunhw e| djh

ri h{lw iru zrphq zkr uhwxuq e| djh 73 dqg dovr iru doo zrphq zkr

h{lw +lh lqfoxglqj wkrvh zkr zh gr qrw revhuyh uhwxuqlqj,1 Zh dovr

lqfoxgh gxudwlrq vwdwlvwlfv srrolqj wrjhwkhu doo zrphq zkr h{lw dw ru

ehiruh djh 651 Ilqdoo|/ zh uhsruw wkh iudfwlrq ri zrphq wkdw uhwxuq

wr wkh oderu pdunhw ehiruh djh 731 Frqglwlrqlqj rq h{lw/ zrphq

lq frkruw 6 uhwxuq wr zrun vrpzkdw idvwhu wkdq frkruw 5/ exw wkh

gl�huhqfh lv vpdoo1 Wkh pdlq gl�huhqfh ehwzhhq frkruwv lv lq wkh

udwh ri h{lw1

515 Zdjhv

Wkh sulfh ri kxpdq fdslwdo lv reylrxvo| ghwhuplqhg lq htxloleulxp

e| wkh lqwhudfwlrq ri ghpdqg dqg vxsso| ri wkh uhohydqw idfwruv1 Iru

dq lqglylgxdo/ krzhyhu/ lw frxog eh dujxhg wkdw wkh sdwk ri zdjhv lv

jlyhq1 Dv zh glvfxvv lq wkh qh{w vhfwlrq/ fxuuhqw zdjhv duh qrw wkh

rqo| lpsruwdqw ghwhuplqdqw ri wkh sduwlflsdwlrq ghflvlrqv lq d olih
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Wdeoh 4= Udwh ri H{lw dqg Gxudwlrq ri H{lw

Frkruw 5 Frkruw 6
Djh Iudfwlrq Gxudwlrq Iudfwlrq Gxudwlrq

ri zrunhuv Doo Uhhqwhulqj ri zrunhuv Doo Uhhqwhulqj
wkdw h{lw Phgldq Phdq Phgldq wkdw h{lw Phgldq Phdq Phgldq

59 315: 6 613 5 3149 5 519 4
5: 3148 7 615 5 3145 4 514 5
5; 3148 : 719 6 313: 6 615 5
5< 3149 6 61< 5 3143 7 513 4
63 3153 6 615 5 3147 5 419 5
64 3147 : 713 5 3143 5 519 4
65 3148 7 51< 5 3143 7 514 4
Doo 6 618 5 5 516 4
Zh uhsruw qxpehuv xs wr djh 65 rqo| lq rughu wr nhhs vdpsoh vl}h odujh
hqrxjk1 Dv frkruw 4 lv rqo| revhuyhg iurp djh 68 rqzdugv/ wkh lqwhuhvwlqj
frpsdulvrq lv ehwzhhq frkruwv 5 dqg 61

wlph iudphzrun1 G|qdplf dvshfwv/ vxfk dv wkh uhwxuq wr h{shulhqfh

dqg wkh ghsuhfldwlrq ri kxpdq fdslwdo zkhq qrw sduwlflsdwlqj lq wkh

oderxu pdunhw duh dovr olnho| wr eh lpsruwdqw ghwhuplqdqwv1 Iru wklv

uhdvrq/ lq wklv vhfwlrq zh orrn dw wkh olih f|foh sur�oh ri zdjhv iru

rxu wkuhh frkruwv ri zrphq1

Zkloh olih f|foh sur�ohv iru zdjhv duh lqirupdwlyh derxw wkh uhwxuq

wr kxpdq fdslwdo iru zrphq zkr zrun/ wzr lpsruwdqw fdyhdwv vkrxog

eh nhsw lq plqg zkhq orrnlqj dw wkhvh slfwxuhv dqg wklqnlqj derxw

wkh uroh zdjhv frxog sod| lq ghwhuplqlqj sduwlflsdwlrq1 Iluvw/ lw lv qrw

fohdu zkhwkhu wkh revhuyhg sur�oh zdv dfwxdoo| udwlrqdoo| suhglfwhg

e| wkh ghflvlrq pdnhuv dw wkh wlph wkh oderxu vxsso| ghflvlrq zdv

pdgh1 Zh douhdg| phqwlrqhg wkh h{lvwhqfh ri pdfur h�hfwv= d ixwxuh

lqfuhdvh +ru vwdjqdwlrq, lq zdjhv iru d jlyhq frkruw lv qrw qhfhvvdulo|

dqwlflsdwhg1 Vhfrqg/ wkh slfwxuhv zh frqvwuxfw gr qrw qhfhvvdulo|

uh hfw wkh dyhudjh +ru phgldq, r�hu zdjh/ zklfk lv wkh rqh uhohydqw

iru wkh ghflvlrq= vhohfwlrq lqwr hpsor|phqw lv qrw udqgrp dqg fdq

lqgxfh lpsruwdqw eldvhv1

Iljxuh ; sorwv iru hdfk ri wkh wkuhh frkruwv/ wkh phgldq ihpdoh

krxuo| zdjh djdlqvw djh1 Lq wkh Dsshqgl{ zh uhsruw vlplodu slfwxuhv

iru gl�huhqw hgxfdwlrq jurxsv1 Frkruw 6 dsshduv wr idfh d pxfk

vwhhshu zdjh sur�oh lq wkh hduo| sduw ri wkh olih0f|foh wkdq frkruw 51
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Wklv pd| eh lqwhusuhwhg dv dq lqfuhdvh lq wkh uhwxuq wr h{shulhqfh1

Krzhyhu/ lw lv gl!fxow wr vhsdudwh rxw wkh frkruw dqg |hdu h�hfwv1

Lq sduwlfxodu/ doo wkuhh sur�ohv ri zdjhv h{klelw vl}hdeoh lqfuhdvhv

lq wkh vhfrqg kdoi ri rxu vdpsoh shulrg1 Gxulqj wkh �uvw kdoi ri wkh

vdpsoh/ zklfk fryhuv wkh 4<:3v dqg iru zklfk zh rqo| revhuyh frkruw

4 dqg 5/ uhdo zdjhv zhuh edvlfdoo|  dw1 Wklv lv sduwlfxoduo| dssduhqw

iru wkh kljk hgxfdwhg zrphq +�jxuh 5: lq wkh dsshqgl{,1 Iru wkh

kljk hgxfdwhg zrphq ehorqjlqj wr frkruw 4 phgldq uhdo zdjhv zhuh

dfwxdoo| ghfolqlqj gxulqj wkh �uvw sduw ri wkh vdpsoh1 E| wkh wlph

frkruw 6 frphv lq/ dqg vwduwv hqmr|lqj uhodwlyho| idvw jurzwk ri uhdo

zdjhv/ wkh zdjhv ri frkruw 4 dqg 5 dovr vwduw lqfuhdvlqj1 Ri frxuvh

wkh wkuhh frkruwv h{shulhqfh wkhvh fkdqjhv lq uhdo zdjhv dw gl�huhqw

djhv1 Wr vwuhvv krz gl!fxow lv wr lqwhusuhw wkhvh sdwwhuqv/ lq Iljxuh <

zh sorw phgldq zdjhv iru wkh wkuhh frkruwv djdlqvw wlph/ udwkhu wkdq

djh1 Wkh v|qfkurql}dwlrq lq wkh g|qdplfv ri wkh zdjhv iru wkh wkuhh

frkruwv dssduhqw lq wklv slfwxuh pljkw vxjjhvw zh vkrxog dwwulexwh

doo ru sduw ri wkh lqfuhdvh lq zdjhv wr djjuhjdwh idfwruv wkdw pryh

wkh zdjhv ri zrphq ehorqjlqj wr doo frkruwv1

Lq dgglwlrq wr wkh lpsrvvlelolw| ri glvhqwdqjolqj djh/ wlph dqg

frkruw h�hfwv/ wkh olih f|foh sur�ohv lq Iljxuh ; duh rqo| sduwldoo|

lqirupdwlyh derxw wkh uhwxuq wr h{shulhqfh ehfdxvh dw hdfk djh zh

dyhudjh wkh zdjhv ri zrphq zlwk gl�huhqw ohyhov ri oderxu pdunhw

h{shulhqfh1 Lq rughu wr kdyh dgglwlrqdo lqirupdwlrq rq wkh uhwxuqv

wr h{shulhqfh zh sorw/ iru hdfk frkruw/ wzr olih f|foh zdjh sur�ohv1

Dw hdfk djh zh frpsduh wkh zdjh ri doo zrphq zlwk wkh zdjh ri

wkrvh zrphq wkdw kdyh ehhq revhuyhg vlqfh djh 58 dqg kdyh ehhq

qrw kdg pruh wkdq rqh |hdu r� zrun1 Wkhvh wzr sur�ohv/ sorwwhg

lq Iljxuh 43/ duh revhuyhg iurp djh 59 wr djh 6< dqg jlyh dq lghd

ri wkh uhwxuq wr h{shulhqfh idfhg e| wkhvh frkruwv1 Frpsxwlqj wkh

cuhwxuq wr h{shulhqfh* dv wkh gl�huhqfh ehwzhhq wkhvh wzr sur�ohv

kdv dq lpsruwdqw dgydqwdjh uhodwlyh wr wkh sur�ohv lq Iljxuh ; dqg

vrph gudzedfnv1 Wkh dgydqwdjh lv wkdw/ wr d fhuwdlq h{whqw/ |hdu

h�hfwv duh frpprq wr wkh wzr sur�ohv dqg pljkw eh cgl�huhqfhg

rxw*1 Krzhyhu/ zh gr qrw wdnh lqwr dffrxqw wkh gxudwlrq ri vshoov
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Iljxuh 43= Uhwxuqv wr H{shulhqfh iru Frkruw 5 dqg 6

rxw ri wkh oderxu irufh dqg zh nqrz wkhvh wr eh vkruwhu iru frkruw 61

Pruhryhu/ zh ljqruh vhohfwlrq +dqg srvvleoh fkdqjhv lq lw,1 Shukdsv

vxusulvlqjo|/ lq wkhvh �jxuhv zh gr qrw �qg yhu| vwurqj gl�huhqfhv

lq wklv sduwlfxodu phdvxuh ri uhwxuq wr h{shulhqfh ehwzhhq frkruw 5

dqg 61

D srwhqwldoo| lpsruwdqw ghwhuplqdqw ri wkh sduwlflsdwlrq ghflvlrq

lv wkh ghsuhfldwlrq ri kxpdq fdslwdo zkhq rxw ri wkh oderxu irufh1 D

fohdq hvwlpdwh ri d ghsuhfldwlrq prgho lv uhpdundeo| kdug ehfdxvh

ri wkh vhohfwlrq sureohpv lqyroyhg= rqh rqo| revhuyhv wkh zdjh ri

zrphq zkr ghflgh wr jr rxw dqg wkhq wr frph edfn1 Wkhuh zloo

eh zrphq zkr kdyh qrw jrqh rxw ehfdxvh ri wkh ghsuhfldwlrq dqg/

pruh lpsruwdqwo|/ zrphq zkr kdyh qrw frph edfn ehfdxvh ri wkh

h{whqw wr zklfk wkhlu kxpdq fdslwdo kdg ghsuhfldwhg1 Zlwkrxw d

vwuxfwxudo prgho ri sduwlflsdwlrq/ lw lv qrw srvvleoh wr vroyh wkhvh

vhohfwlrq lvvxhv1 Qrqhwkhohvv/ lq wklv vhfwlrq zh orrn dw zkdw kdsshqv

wr wkh zdjhv ri zrphq zkr kdyh h{lwhg wkh oderxu pdunhw dqg
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ghflghg wr uhhqwhu diwhu dq lqwhuuxswlrq/ dqg uhwxuq wr fdoleudwlqj

wkh ghsuhfldwlrq udwh lq vhfwlrq 61 Rxu h{huflvh lv vlplodu wr wkh

rqh shuiruphg e| Plqfhu dqg Srodfkhn +4<:7, dqg Plqfhu dqg

Roihn +4<;5,1 Lq sduwlfxodu/ zh iroorz zrphq wkdw kdyh hpsor|phqw

lqwhuuxswlrqv dqg zkr duh revhuyhg ehiruh dqg diwhu wkh lqwhuuxswlrq1

Lq Wdeoh 4/ zh uhsruw wkh dyhudjh ohyho ri zdjhv ehiruh dqg diwhu wkh

lqwhuuxswlrq iru wkhvh wzr frkruwv/ dv zhoo dv phgldq ghsuhfldwlrq1

Wkh odvw urz lqfoxghv ghsuhfldwlrq udwhv iru doo zrphq zkr h{lw dw ru

ehiruh djh 651 Ghsuhfldwlrq udwhv duh pdujlqdoo| kljkhu iru Frkruw

6/ dqg wkh gl�huhqfh ehwzhhq frkruwv lv juhdwhu iru kljk hgxfdwhg

zrphq/ dv vkrzq lq wkh Dsshqgl{1 Zh fdofxodwh dq h{srqhqwldo

ghsuhfldwlrq udwh

B ' ��

�
�w.n

�w

� �
&

zkhuh & lv wkh gxudwlrq ri dq h{lw wkdw ehjdq lq shulrg |� Wklv

fdofxodwlrq frqwurov iru wkh vkruwhu gxudwlrq ri xqhpsor|phqw

revhuyhg lq frkruw 6 wkdw zdv uhsruwhg lq wdeoh 41 Phgldq

ghsuhfldwlrq udwhv lq frkruw 6 duh kljkhu dw doprvw doo djhv wkdq

lq frkruw 5/ exw vdpsoh vl}hv duh vpdoo1 Ixuwkhu/ zh gr qrw nqrz

krz orqj wkh ghsuhfldwlrq odvwv rq uhwxuq wr zrun1

Zh duh ri frxuvh dzduh ri wkh olplwdwlrqv ri wkhvh phdvxuhv1 Lq

sduwlfxodu/ wkhuh lv d vhohfwlrq eldv wkdw fdq jlyh plvohdglqj uhwxuqv wr

h{shulhqfh dqg shqdow| ri hpsor|phqw lqwhuuxswlrqv1 Iru h{dpsoh/

li uhwxuqv wr h{shulhqfh duh juhdwhu lq wkh |rxqjhu frkruw/ wkhq

lqglylgxdov pd| eh pruh zloolqj wr vx�hu dq lqlwldo zdjh orvv rq

uhwxuq wr zrun11

516 Ihuwlolw| dqg fklog fduh duudqjhphqwv

Ihuwlolw| ehkdylrxu lv reylrxvo| lpsruwdqw iru oderxu vxsso| ghfl0

vlrqv/ hlwkhu dv d ghwhuplqdqw ru dv d mrlqw ghflvlrq yduldeoh1 Wkh

frvw ri fkloguhq fdq eh dq lpsruwdqw lqgluhfw ghwhuplqdqw ri oderxu

vxsso| ghflvlrqv1 Lq Iljxuh 44/ zh sorw wkh dyhudjh qxpehu ri fklo0

guhq djhg ohvv wkdq 4: suhvhqw lq wkh krxvhkrog djdlqvw wkhlu prwkhu*v

djh1 Iurp wkh �jxuh wkh pdvvlyh ghfolqh lq ihuwlolw| lv dssduhqw= dw
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Wdeoh 5= Zdjh Ghsuhfldwlrq

Frkruw 5 Frkruw 6
Djh & rev Z Ehi Z Di Phgldq B & rev Z Ehi Z Di Phgldq B

59 79 914 81; 03137 58 71: 817 03144
5: 59 918 71; 3138 65 716 617 314;
5; 4: :18 819 3137 47 :16 917 314<
5< 49 816 71: 3137 48 ;13 91; 3139
63 4< 717 719 03134 46 :14 618 3159
64 43 :15 91: 03135 44 714 419 3135
65 45 815 913 0313; 45 718 71: 3133
Doo 476 913: 814< 3137 454 81:7 71<7 3143
Wkh ghsuhfldwlrq udwh iru d sduwlfxodu lqglylgxdo lv fdofxodwhg dv
B ' � � E�|n&*�|�

�*& zkhuh & lv wkh gxudwlrq ri dq h{lw zklfk
rffxuhg lq shulrg |1 Zh wkhq fdofxodwh phgldq B ryhu lqglylgxdov
e| djh1
Qhjdwlyh qxpehuv iru B lqglfdwh zdjh jurzwk1

djh 68 d zrpdq ri frkruw 4 kdg rq dyhudjh 6 fkloguhq olylqj zlwk

khu/ zkloh dw wkh vdph djh d zrpdq ehorqjlqj wr frkruw 6 kdg ohvv

wkdq 51

Dv lq rwkhu ghyhorshg frxqwulhv/ wkh uhgxfwlrq lq wkh qxpehu ri

fkloguhq kdsshqhg dw wkh vdph wlph dv d vxevwdqwldo ghod| lq wkh eluwk

ri wkh �uvw fklog1 Xvlqj wkh SVLG 4<<6 dgglwlrqdo ihuwlolw| prgxoh/ zh

fdq fdofxodwh/ iru hdfk ri rxu wkuhh frkruwv/ wkh sursruwlrq ri zrphq

wkdw kdyh wkhlu �uvw fklog lq dq| jlyhq djh lqwhuydo1 Wkh qxpehuv

uhsruwhg lq Wdeoh 6 duh uhyhdolqj= lq frkruwv 4 dqg 5/ 63( ri zrphq

kdg wkhlu �uvw fklog ehwzhhq 4; dqg 55> wklv shufhqwdjh idoov wr 59(

iru frkruw 61 Rq wkh rwkhu kdqg/ zkloh rqo| 5<( ri frkruw 4 zrphq

kdg wkhlu �uvw fklog zkhq djhg ryhu 59/ wkdw shufhqwdjh jrhv xs

wr 6:( iru frkruw 5 dqg wr 74( iru frkruw 61 Wkhvh sursruwlrqv

duh vlplodu wr wkh gdwd iurp wkh Qdwlrqdo Ylwdo Vwdwlvwlfv V|vwhp

sxeolvkhg e| wkh XV Ghsduwphqw ri Khdowk dqg Kxpdq Vhuylfhv

+GKKV/ 4<;<,1

Zh kdyh vkrzq wkdw wkh lqfuhdvh ri prwkhuv* hpsor|phqw pljkw

eh ehklqg d odujh sduw ri wkh lqfuhdvh ri zrphq hpsor|phqw ryhu

wlph1 Lw lv wkhuhiruh zruwkzkloh orrnlqj dw wkh dydlodelolw| dqg frvw
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Iljxuh 45= Fklog Fduh Duudqjhphqwv

ri fklog fduh duudqjhphqwv1 Iljxuh 45 xvhv gdwd iurp wkh XV Fhqvxv

Exuhdx wr vkrz fklog fduh duudqjhphqwv xvhg e| prwkhuv ryhu wlph1

Wkh �jxuh vkrzv wkh odujh lqfuhdvh lq wkh xvh ri rujdql}hg fklog fduh

idflolwlhv19

Fklog Fduh frvwv fdq eh vxevwdqwldo1 Lq 4<<</ dffruglqj wr wkh

Fklog Fduh Exuhdx ri wkh XV Ghsduwphqw ri Khdowk dqg Kxpdq

Vhuylfhv/ Fklog Fduh frvwv ydulhg ehwzhhq '633 dqg ':33 shu prqwk

shu fklog1 Frqfhuqlqj wkhvh frvwv/ Ihuuhur dqg L}d +5335, dujxh wkdw

uhfhqw vnloo0eldvhg whfkqrorjlfdo fkdqjh/ zklfk lpsolhv dq lqfuhdvh

ri wkh vnloo suhpld dqg d uhodwlyh ghfuhdvh lq wkh pdunhw sulfh ri

fklog0fdulqj zlwk uhvshfw wr ihpdoh phdq zdjhv/ frxog frqwulexwh

wr h{sodlqlqj wkh lqfuhdvh lq zrphq*v hpsor|phqw udwh1 Dkq dqg
9Wkh �vfdo wuhdwphqw ri Fklog Fduh Frvwv dovr fkdqjhg ryhu wkh shulrg1 Lq 4<87

d ghgxfwlrq iru hpsor|phqw uhodwhg fduh h{shqvhv zdv hvwdeolvkhg1 Wkh ghgxfwlrq
ehfdph d fuhglw lq 4<:9 dqg lq 4<;4 wkh olplwv zkhuh '5733 iru rqh fklog dqg
'7;33 iru wzr ru pruh1 Lq 5335 wkhvh �jxuhv zhuh udlvhg wr '6333 iru rqh fklog dqg
'9333 iru wzr1 Wkhvh lqfuhdvhv gr qrw hyhq pdnh xs iru lq dwlrq1 Idplo| lqfrph
ghwhuplqhv wkh shufhqwdjh ri fklog fduh h{shqvhv wkdw fdq eh fodlphg iru fuhglw
+ehwzhhq 53 dqg 68(,1 Wkh fuhglw lv qrw uhixqgdeoh zklfk nhhsv wkh orzhvw0lqfrph
idplolhv iurp ehqh�wlqj1
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Plud +5335, dujxh wkdw wkhuh zdv d ghfolqh lq wkh sulfh ri fklog

fduh uhodwlyh wr ihpdoh zdjhv edvhg rq Eodx +4<<5,1: Klvwrulfdoo|

fklog fduh vxevlglhv kdyh qrw ehhq lpsruwdqw1 Wkh Fklog Fduh

dqg Ghyhorsphqw Ixqg lv wkh pdmru vrxufh ri Ihghudo fklog fduh

dvvlvwdqfh iru orz dqg prghudwh lqfrph idplolhv dqg |hw lq 4<<; rqo|

48( ri holjleoh fkloguhq dfwxdoo| uhfhlyhg khos wkurxjk wkh surjudp1

Wr surylgh dgglwlrqdo hylghqfh rq wkh ghfolqh lq fklog frvwv

uhodwlyh wr zrphq hduqlqjv/ zh xvh pruh ghwdlohg lqirupdwlrq

rq fklog fduh h{shqglwxuh wkdw fdq eh rewdlqhg iurp wkh EOV

Frqvxphu H{shqglwxuh Vxuyh|/ zklfk froohfwv ghwdlohg lqirupdwlrq

rq frqvxpswlrq h{shqglwxuh e| XV krxvhkrogv1 Xqiruwxqdwho| wkh

FH[ lv rqo| dydlodeoh vlqfh 4<;31 Zh frqvlghu krxvhkrogv/ revhuyhg

ehwzhhq 4<;304<;7 dqg ehwzhhq 4<<;04<<</ zkhuh wkh uhihuhqfh

shuvrq ru wkh vsrxvh lv d zrunlqj zrpdq zlwk fkloguhq ehwzhhq

3 dqg :1 Zh frqvwuxfw wkh udwlr ri fklog frvw h{shqglwxuh wr ihpdoh

hduqlqjv dqg uxq d Wrelw uhjuhvvlrq ri wklv udwlr rq wkh orj ri dqqxdo

qxpehu ri krxuv zrunhg/ wkh qxpehu ri fkloguhq ehwzhhq 3 dqg 6

dqg wkh qxpehu ri fkloguhq ehwzhhq 7 dqg : |hduv ri djh1 Lq dgglwlrq

wr wkhvh yduldeohv/ zh lqwurgxfh d gxpp| iru wkh odwh 4<<3v |hdu1 Lq

Wdeoh 7 zh uhsruw wkh uhvxowv ri wzr uhjuhvvlrqv= wkh �uvw iru prwkhuv

zlwk dw ohdvw d fklog djhg 3 wr 6/ wkh vhfrqg iru prwkhuv zlwk dw ohdvw

d fklog djhg 7 wr :1 Lq erwk froxpqv zh vhh wkdw wkh frh!flhqw rq

wkh odwh 4<<3v lv vljql�fdqwo| qhjdwlyh/ lqglfdwlqj d ghfolqh lq wkh

udwlr ri fklog fduh frvwv wr zrphq hduqlqjv/ hyhq diwhu frqwuroolqj iru

gl�huhqfhv lq wkh qxpehu ri krxuv zrunhg1 Wkh ghfolqh lv sduwlfxoduo|

odujh iru |rxqjhu fkloguhq1 D vlplodu h{huflvh fdq eh h{hfxwhg lq wkh

SVLG1 Li zh frpsduh wkh udwlr ri fklog fduh frvw wr zrphq hduqlqjv lq

4<:8 dqg 4<;; zh �qg wkdw/ frqglwlrqdo rq kdylqj srvlwlyh frvwv/ wkh

udwlr lv frqvlghudeo| kljkhu lq 4<:8 wkdq 4<;;/ hyhq diwhu frqwuroolqj

iru wkh qxpehu ri krxuv dqg qxpehu ri fkloguhq1;

:Eodx +4<<5, uhsruwv wkdw uhdo zdjhv ri fklog fduh zrunhuv/ dv zhoo dv rwkhu
zrunhuv/ zhuh  dw iurp 4<:9 wr 4<;91

;Lqwhuhvwlqjo|/ wkh iudfwlrq ri zrunlqj zrphq uhsruwlqj d srvlwlyh dprxqw ri
fklog fduh frvwv lv kljkhu lq 4<;; wkdq lq 4<:81
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Wdeoh 7= Wrelw iru Fkdqjhv lq Fklogfduh Frvwv

Ghs Ydu= Fklogfduh frvw 2 zrpdq*v hduqlqjv

r fkloguhq djh 306 : 3 r fkloguhq djh 70: : 3
Orj krxuv 03135< 0 31356

Ef�ffS� Ef�ff��

r ri fkloguhq 306 3138: 313:9
Ef�f�.� Ef�ffS�

r ri fkloguhq 70: 31368 3137;
Ef�f��� Ef�ffb�

\hdu:4<<: 031569 031383
Ef�f�S� Ef�f�2�

frqvwdqw 031496 031456
Ef�feH� Ef�f2H�

Qxpehu rev <534 4376;
Svhxgr -2 3133<; 3136:8

FH[ gdwd1

Wkh lqwurgxfwlrq ri pdwhuqlw| ohdyhv lq wkh XV lv yhu| uhfhqw1

Lw wrrn sodfh lq 4<<6 zkhq wkh Idplo| dqg Phglfdo Ohdyh Dfw zdv

dssuryhg1 Hyhq wkhq/ wkh dssuryhg shulrg ri pdwhuqlw| ohdyh zdv 45

zhhnv/ wkh orzhvw ri wkh RHFG dqg grhv qrw pdqgdwh sdlg ehqh�wv

gxulqj wkh shulrg1 Krzhyhu/ wkh h{lvwhqfh ri pdwhuqlw| ohdyh fdq khos

zrphq wr uhfrqfloh hpsor|phqw dqg pdwhuqlw|1 Wkh dydlodelolw| ri

pdwhuqlw| shulrgv doorzv zrphq wlph rxw ri wkh oderxu irufh durxqg

fklogeluwk zlwkrxw frpshoolqj wkhp wr txlw wkhlu mrev1 Lqghhg/ dv

vkrzq lq �jxuh :/ wkh lqfuhdvh lq pdwhuqlw| ohdyh lv dvvrfldwhg zlwk

zrphq uhwxuqlqj wr zrun diwhu fklog eluwk pruh txlfno|1<

<D ixuwkhu lvvxh wkdw frxog d�hfw pduulhg zrphq*v hpsor|phqw ghflvlrq lv wkh
ulvn ri glyrufh1 Zkhq pduulhg zrphq idfh xqfhuwdlqw| rq wkhlu ixwxuh pdulwdo
vwdwxv dqg wkh dffxpxodwlrq ri oderu pdunhw h{shulhqfh kdv d uhwxuq lq whupv ri
kljkhu ixwxuh zdjhv/ wkh| kdyh dq dgglwlrqdo lqfhqwlyh wr sduwlflsdwh lq wkh oderu
pdunhw1 Vhyhudo sdshuv vxssruw wklv olqn ehwzhhq pdulwdo ulvn dqg hpsor|phqw ri
pduulhg zrphq/ Shwhuv +4<;9,/ Sdunpdq +4<<5,/ Vdqghu +4<;8,/ Vhq +5333, dqg
Väqfkh}0Pdufrv +5335,1 Dffruglqj wr RHFG �jxuhv/ glyrufh udwhv lq wkh XV kdyh
lqfuhdvhg iurp 515( lq 4<93 wr 71;( lq 4<<31 Lq wklv sdshu/ zh gr qrw frqvlghu dw
doo wkh h�hfwv ri glyrufh ulvn1
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6 Prgho

Lq wklv vhfwlrq zh ghvfuleh wkh prgho zh xvh wr h{sodlq wkh fkdqjhv

lq ihpdoh oderxu vxsso|1 Zh dvvxph wkdw xqlwdu| krxvhkrogv pd{l0

pl}h h{shfwhg olihwlph xwlolw|1 Wkh xwlolw| ixqfwlrq lv lqwhuwhpsrudoo|

vhsdudeoh dqg lqvwdqwdqhrxv xwlolw| ghshqgv rq krxvhkrog frqvxps0

wlrq shu dgxow htxlydohqw dqg wkh oderxu vxsso| fkrlfh ri wkh zlih1

Zh dvvxph wkdw doo krxvhkrogv kdyh wzr dgxowv dqg wkdw kxvedqgv

dozd|v zrun dqg uhfhlyh hduqlqjv wkdw duh ghwhuplqhg e| d vwrfkdvwlf

surfhvv lqwurgxfhg ehorz1 Zh gr qrw prgho ihuwlolw| fkrlfhv= iru wklv

uhdvrq zh wdnh wkh vkruwfxw ri frqvlghulqj wkh duulydo ri wkh wzr fklo0

guhq dv jlyhq dqg vlpxowdqhrxv1 Reylrxvo| d pruh uhdolvwlf prgho

zrxog frqvlghu wkh wzr fkloguhq wr eh vsdfhg zlwklq d shulrg ri d ihz

|hduv1 Vxfk dq h{huflvh zrxog qrw fkdqjh vxevwdqwldoo| wkh hvvhqfh

ri rxu uhvxowv1 Fkloguhq gr qrw kdyh d gluhfw h�hfw rq xwlolw| +h{fhsw

iru gh dwlqj frqvxpswlrq e| wkhlu dgxow htxlydohqw,1 Krzhyhu/ wkh|

gr d�hfw wkh �{hg frvw ri zrun1

Lq sduwlfxodu/ zh frqvlghu dq lqglylgxdo krxvhkrog zlwk dq

lqvwdqwdqhrxv xwlolw| ixqfwlrq ri wkh irup

�w ' �ESwc �wc ew�

zkhuh �w lv d glvfuhwh ifc �j ihpdoh oderxu vxsso| fkrlfh/ Sw lv wrwdo

krxvhkrog frqvxpswlrq dqg ew lv wkh qxpehu ri dgxow htxlydohqwv

lq wkh krxvhkrog1 Wkh krxvhkrog lv dvvxphg wr pd{lpl}h olihwlph

h{shfwhg xwlolw|/

4@ 
f>S

Tw ' .w

W[
v@w

qv�w�ESvc �v�

zkhuh q lv wkh glvfrxqw idfwru dqg .w wkh h{shfwdwlrqv rshudwru

frqglwlrqdo rq lqirupdwlrq dydlodeoh lq shulrg |� Zh xvh d xwlolw|

ixqfwlrq ri wkh irup

�ESwc �w� '

�
f|
h|

�4��

�� �
i T E�4�w�� �5�w +4,
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Dv zh xvh ydoxhv ri � : �c zh frqvwudlq �4 : f vr wkdw

sduwlflsdwlrq uhgxfhv wkh xwlolw| ri frqvxpswlrq1 Frqvlvwhqw zlwk wkh

hvwlpdwhv lq Eurzqlqj dqg Phjklu +4<<4,/ xwlolw| lv qrw krprwkhwlf1

Frqvxpswlrq lv htxlydolvhg e| wkh idfwru ew zklfk ghshqgv rq wkh djh

dqg qxpehu ri fkloguhq1 Zh xvh wkh PfFohphqwv vfdoh wr ghwhuplqh

e143

Wkh lqwhuwhpsrudo exgjhw frqvwudlqw kdv wkh irup

�w.4 ' - E�w n E+w � 8 E@w���w n +pw � Sw� +5,

zkhuh � duh ehjlqqlqj ri shulrg dvvhwv/ - lv wkh lqwhuhvw udwh/ 8 wkh

�{hg frvw ri zrun zklfk ghshqgv rq @w> wkh djh ri wkh fklog1 Ihpdoh

hduqlqjv duh jlyhq e| +wc dqg kxvedqg hduqlqjv duh jlyhq e| +pw 1

Lq dq| shulrg/ lqglylgxdov duh deoh wr eruurz djdlqvw wkh plqlpxp

lqfrph wkh| fdq jxdudqwhh iru wkh uhvw ri wkhlu olyhv1 Qrwlfh wkdw

wklv ihdwxuh gl�huhqwldwhv rxu prgho vxevwdqwldoo| iurp wkrvh xvhg

e| Hfnvwhlq dqg Zroslq +4<;;, dqg ydq ghu Noddxz +4<<9, zkr uxoh

rxw dq| eruurzlqj ru vdylqj1 Dv zh glvfxvv ehorz/ wklv gl�huhqfh

fdq eh vxevwdqwldo144 Zkhq zh frqvwudlq eruurzlqj/ zh dgg wkh

frqvwudlqw= �w � f� Zkhq zh uxoh rxw dq| eruurzlqj ru vdylqj/ zh

lpsrvh wkdw Sw ' E+w � 8 E@w���w n +pw �

Zh prgho wkh �{hg frvw dvvrfldwhg zlwk fkloguhq iroorzlqj Krw}

dqg Ploohu +4<;;,/ zkr vshfli| wkh ixqfwlrqdo irup iru wkh wlph frvw

ri fkloguhq dv

C E@w� ' w�d|�4 +6,

dqg hvwlpdwh sdudphwhuv w dqg � wr pdwfk wkh wlph frvw dvvrfldwhg

zlwk fklog fduh iru fkloguhq ri gl�huhqw djhv1 Wkh sulfh ri wklv wlph

frvw lv wkhq jlyhq e| Rc jlylqj dq h{suhvvlrq iru wkh �{hg frvw ri
43Dffruglqj wr wkh PfFohphqwv vfdoh/ d fklogohvv frxsoh lv htxlydohqw wr 419:

dgxowv1 D frxsoh zlwk rqh fklog lv htxlydohqw wr 41< dgxowv li wkh fklog lv ohvv wkdq
6/ wr 5 dgxowv li wkh fklog lv ehwzhhq 6 dqg :/ 513: dgxowv li wkh fklog lv ehwzhhq
; dqg 45 dqg 515 dgxowv li wkh fklog lv ehwzhhq 46 dqg 4;1 Dv zh phqwlrq lq wkh
wh{w/ zh dvvxph wkdw hdfk frxsoh kdv wzr fkloguhq zkr duulyh dw d suhghwhuplqhg
djh dqg ohdyh dw djh 4;1

44Wkh sulfh zh sd| iru doorzlqj eruurzlqj dqg vdylqj lv wkdw wkh prgho ehfrphv
wrr fxpehuvrph wr hvwlpdwh vwuxfwxudoo| dv grqh e| Hfnvwhlq dqg Zroslq dqg e|
ydq ghu Noddxz1
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zrun

8 E@w� ' RC E@w� c +7,

Ihpdoh hduqlqjv/ +wc duh vxemhfw wr wudqvlwru| vkrfnv/ 0w> dqg
shupdqhqw vkrfnv/ �w/ dqg duh jlyhq e|

*? +| ' *? +f n �| � BA U E�|3� ' f� n �| n 0| zkhuh 0| � �

�
�
j2
0

2
c j2

0

�
+8,

�| ' �|3� n 1| zkhuh 1| � �

�
�
j2
1

2
c j2

1

�
+9,

zkhuh �w lv wkh ohyho ri kxpdq fdslwdo dw wkh vwduw ri wkh shulrg1 Li

lqglylgxdov kdyh qrw sduwlflsdwhg lq wkh suhylrxv shulrg/ wkh| kdyh

wr sd| d suhplxp rq wkhlu zdjh iru rqh shulrg iru uhhqwu|/ jlyhq e|

BW � Zh wklqn ri BW dv wkh whpsrudu| ghsuhfldwlrq lq vnloov dvvrfldwhg

zlwk d shulrg rxw ri wkh oderxu irufh/ dv hvwlpdwhg e| ydq ghu Noddxz

+4<<9,1

Kxpdq fdslwdo hyroyhv zlwk hpsor|phqw ghflvlrqv lq wkh iroorzlqj

zd|

�w ' �w�4 n E#3 n #4|� U E�w�4 ' ��� BS�w�4U E�w�4 ' f�

#3 : fc #4 	 f

Zh wklqn ri BS dv wkh shupdqhqw ghsuhfldwlrq lq kxpdq fdslwdo

dvvrfldwhg zlwk qrq0sduwlflsdwlrq/ dv glvfxvvhg dqg hvwlpdwhg e|

Plqfhu dqg Srodfkhn +4<:7, dqg Plqfhu dqg Roihn +4<;5,1 Wkh wzr

irupv ri ghsuhfldwlrq ri kxpdq fdslwdo +whpsrudu| dqg shupdqhqw,

kdyh yhu| gl�huhqw h�hfwv rq sduwlflsdwlrq fkrlfhv1 Zh gr qrw prgho

gluhfw lqyhvwphqw lq kxpdq fdslwdo +vxfk dv vfkrrolqj ghflvlrqv ru

rq wkh mre wudlqlqj,/ zklfk duh h{whqvlyho| glvfxvvhg lq Plqfhu dqg

Srodfkhn +4<:7, dqg Plqfhu dqg Roihn +4<;5,1

Wkh surfhvv ri kxpdq fdslwdo dffxpxodwlrq lv lpsruwdqw wr rxu

prgho1 Rqh lvvxh lv zkhwkhu wkh lqfuhdvh lq kxpdq fdslwdo dvvrfldwhg

zlwk zrunlqj glplqlvkhv zlwk wkh ohyho ri kxpdq fdslwdo1 D uhodwhg

lvvxh lv zkhwkhu wklv lqfuhdvh ghshqgv rq djh1 Hfnvwhlq dqg Zroslq

+4<;<, dqg ydq ghu Nodxz +4<<9, dvvxph wkdw wkh lqfuhdvh lq kxpdq

fdslwdo glplqlvkhv zlwk wkh ohyho ri kxpdq fdslwdo1 Rolyhwwl +5333,
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dvvxphv wkh lqfuhdvh lq kxpdq fdslwdo glplqlvkhv zlwk djh/ exw qrw

zlwk wkh ohyho ri kxpdq fdslwdo1 Dv lq Rolyhwwl/ zh dvvxph wkdw wkh

lqfuhdvh lq kxpdq fdslwdo ghshqgv rq djh rqo|/ zlwk wkh lqfuhdvh lq

kxpdq fdslwdo ghfuhdvlqj zlwk djh li #4 	 f1

Vlqfh zh dvvxph phq dozd|v zrun/ pdoh hduqlqjv duh jlyhq e|

*? +pw ' *? +p3 n �pw n �pw n 0pw zkhuh 0pw � �

#
�
j5%>p
2

c j5%>p

$

+:,

�pw ' �pw�4 n 1pw zkhuh 1pw � �

#
�
j5�>p
2

c j5�>p

$
+;,

�pw ' �pw�4 n E#3 n #4|� +<,

Zh dvvxph wkdw wkh uhwxuq wr h{shulhqfh iru phq lv wkh vdph dv

wkh uhwxuq wr h{shulhqfh iru zrphq lq rxu edvholqh1 Krzhyhu/ zkhq

frqvlghulqj fkdqjhv wr uhwxuqv wr h{shulhqfh/ zh krog wkh uhwxuq iru

phq frqvwdqw1
Lq hdfk shulrg/ li wkh zrpdq fkrrvhv wr sduwlflsdwh/ wkh ydoxh

ixqfwlrq lv jlyhq e|

T 4

w E�wc �wc �w�4c �w� '

4@ 
fw

�
� ESwc �w ' �� n q.w

�
4@ 

�
T 3
w.4 E�w.4c �w.4c �w ' �c �w.4�

T 4
w.4 E�w.4c �w.4c �w ' �c �w.4�

�� �
+43,

Li vkh fkrrvhv qrw wr sduwlflsdwh/ wkh ydoxh ixqfwlrq lv jlyhq e|/

T 3

w E�wc Dwc �w�4c �w� '

4@ 
fw

�
� ESwc �w ' f� n q.w

�
4@ 

�
T 3
w.4 E�w.4c Dw.4c �w ' fc �w.4�

T 4
w.4 E�w.4c Dw.4c �w ' fc �w.4�

�� �
+44,

Wkh ghflvlrq ri zkhwkhu ru qrw wr sduwlflsdwh lq shulrg | lv gh0

whuplqhg e| frpsdulqj T 3
w E�wc Dwc �w�4c �w� dqg T 4

w E�wc Dwc �w�4c �w� �

Wkh sduwlflsdwlrq fkrlfh dqg wkh frqvxpswlrq fkrlfh lq | ghwhuplqhv
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wkh hqgrjhqrxv vwdwh yduldeohv +dvvhwv/ kxpdq fdslwdo dqg wkh uhhq0

wu| ghflvlrq, dw wkh vwduw ri wkh qh{w shulrg1 Wkh qrq0frqfdylw| lq

wkh ydoxh ixqfwlrq lqgxfhg e| wkh glvfuhwh sduwlflsdwlrq ghflvlrq lv

vprrwkhg rxw e| wkh suhvhqfh ri vx!flhqw xqfhuwdlqw|1 Zh fkhfn

wkdw wklv krogv lq wkh qxphulfdo vroxwlrq ri wkh sureohp glvfxvvhg lq

wkh dsshqgl{1

Rqh ri wkh pdlq gl�huhqfhv ehwzhhq rxu prgho dqg wkrvh

hvwlpdwhg lq wkh olwhudwxuh e| Hfnvwhlq dqg Zroslq +4<;;, dqg ydq

ghu Noddxz +4<<9, lv wkh lqfoxvlrq ri vdylqj dqg eruurzlqj dv d

fkrlfh yduldeoh1 Wklv kdv d qxpehu ri lpsolfdwlrqv= �uvw/ wkh xwlolw|

frvw ri qrq0sduwlflsdwlrq lv orzhu lq rxu prgho ehfdxvh frqvxpswlrq

fdq eh vprrwkhg ryhu wlph wkurxjk vdylqj1 Wkh suhvhqfh ri kxvedqg

hduqlqjv phdqv frqvxpswlrq lv qrw dv yduldeoh dv wkh zlih*v zdjh

lqfrph/ exw/ zlwkrxw vdylqjv/ frqvxpswlrq zloo vwloo eh kljko|

vhqvlwlyh wr wkh sduwlflsdwlrq fkrlfh ehfdxvh ri wkh exgjhw frqvwudlqw1

Vlqfh zh revhuyh shulrgv ri qrq0sduwlflsdwlrq/ d prgho zlwkrxw

vdylqj wkdw wulhv wr pdwfk wkh gdwd rq qrq0sduwlflsdwlrq zrxog lpso|

wkh gluhfw xwlolw| ehqh�w ri qrq0sduwlflsdwlrq wr eh odujh/ wkh qhjdwlyh

lpsdfw rq ixwxuh zdjhv ri qrq0sduwlflsdwlrq wr eh vpdoo dqg fklog0

fduh frvwv wr eh odujh1 Zlwkrxw wkhvh ihdwxuhv/ lqglylgxdov zrxog

qrw eh zloolqj wr dffhsw wkh frqvxpswlrq orvv lq d jlyhq shulrg

dqg wkh yduldelolw| lq frqvxpswlrq dfurvv shulrgv lpsolhg e| qrq0

sduwlflsdwlrq1 Rq wkh rwkhu kdqg/ li lqglylgxdov duh deoh wr vdyh

ru eruurz/ wkh lqfrph orvv lq d sduwlfxodu shulrg dvvrfldwhg zlwk

qrq0sduwlflsdwlrq lq wkdw shulrg fdq eh vsuhdg ryhu wkh olih0f|foh1

Zkloh doorzlqj lqglylgxdov wr vdyh dggv dq hohphqw ri uhdolvp wr

rxu prgho/ wkh dvvxpswlrq wkdw wkh| fdq eruurz xs wr wkh suhvhqw

glvfrxqwhg ydoxh ri wkhlu plqlpxp hduqlqjv fdq eh dq xquhdolvwlf

dvvxpswlrq1 Lw lv srvvleoh wkdw lqglylgxdo krxvhkrogv duh suhyhqwhg

iurp eruurzlqj odujh dprxqwv dw wkh fxuuhqw lqwhuhvw udwh ehfdxvh

ri lpshuihfwlrqv lq fuhglw pdunhwv1 Wkh suhvhqfh ri vxfk eruurzlqj

frqvwudlqwv lv olnho| wr kdyh d sduwlfxoduo| vwurqj h�hfw rq |rxqj

krxvhkrogv1 Dv zh irfxv rq wkh ehkdylrxu ri uhodwlyho| |rxqj

lqglylgxdov +prwkhuv,/ zh fkhfn krz rxu uhvxowv fkdqjh zkhq zh
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gr qrw doorz dq| eruurzlqj1 Iru frpsdulvrq zlwk vrph ri wkh

suhylrxv olwhudwxuh/ zh dovr vlpxodwh d yhuvlrq ri wkh prgho lq zklfk

zh suhyhqw lqwhuwhpsrudo wudghv doowrjhwkhu1

7 Edvholqh Sdudphwhuv dqg Vlpxodwlrqv

Lq wklv vhfwlrq/ zh ghvfuleh wkh sdudphwhuv zh xvh lq rxu edvholqh

prgho1 Zh wkhq vkrz wkh olih0f|foh sur�ohv lpsolhg e| wkhvh

sdudphwhuv1 Zh fdoleudwh wkh prgho sdudphwhuv wr �w wkh olih f|foh

sur�oh ri frkruw 51 Lq wkh qh{w vhfwlrq/ zh fduu| rxw frpsdudwlyh

vwdwlfv h{huflvhv dqg glvfxvv wkh lpsolfdwlrqv ri fkdqjlqj wkh edvholqh

sdudphwhuv iru ihpdoh sduwlflsdwlrq1

714 Edvholqh sdudphwhuv

Lq Wdeoh 8/ zh uhsruw wkh sdudphwhuv zh xvh lq rxu edvholqh

vlpxodwlrqv1 Wkh �uvw froxpq frqwdlqv wkrvh sdudphwhuv wkdw kdyh

ehhq phdvxuhg gluhfwo| lq wkh gdwd ru frph iurp rwkhu vwxglhv/

zkloh wkh vhfrqg froxpq frqwdlqv wkrvh wkdw kdyh ehhq fdoleudwhg

wr vwdwlvwlfv lq wkh gdwd1

Wdeoh 8= Edvholqh Sdudphwhuv

H{rjhqrxv Sdudphwhuv Fdoleudwhg Sdudphwhuv
j2
1 31364 B� 3135

j2
1c6 31364 s 4;13
� 418 �� 314
q �

��f2
�2 31334

& 57
- 41348 #f 31398
BA 313 #� 0313343;

Wkh sdudphwhuv xvhg wr pdwfk wkh gdwd duh wkh xwlolw| frvw ri

zrunlqj +jlyhq e| 5 sdudphwhuv,/ wkh ghsuhfldwlrq udwh/ uhwxuqv wr

h{shulhqfh dqg wkh sulfh ri fklog0fduh1 Dv glvfxvvhg ehorz/ wkh

uhwxuqv wr h{shulhqfh sdudphwhuv duh vhw xvlqj revhuyhg zdjh sur�ohv1

Wdeoh 9 uhsruwv wkh vwdwlvwlfv wkdw wkh uhpdlqlqj sdudphwhuv duh
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fdoleudwhg wr/ wrjhwkhu zlwk wkh vlpxodwhg ydoxhv iru wkrvh vwdwlvwlfv

lq rxu edvholqh prgho1 Wkh vwdwlvwlfv zh pdwfk duh wkh dyhudjh

sduwlflsdwlrq dfurvv wkh olih0f|foh/ dyhudjh sduwlflsdwlrq udwhv e|

prwkhuv zlwk fkloguhq ohvv wkdq 6/ wkh udwlr ri sduwlflsdwlrq lq wkh

|hdu ehiruh fklog eluwk wr sduwlflsdwlrq lq wkh |hdu diwhu/ dqg �qdoo|/

wkh phgldq gxudwlrq ri h{lw iru wkrvh zkr ohdyh hpsor|phqw iroorzlqj

fklogeluwk1 Zh duh frpsdulqj wkh phgldq gxudwlrq ri h{lw/ udwkhu

wkdq wkh phdq/ wr dyrlg dvvljqlqj ydoxhv wr lqglylgxdov zkr zh qhyhu

revhuyh uhwxuqlqj wr zrun145 Lq frpsdulqj dyhudjh sduwlflsdwlrq

udwhv ri prwkhuv ri fkloguhq |rxqjhu wkdq 6/ zh lqfoxgh doo prwkhuv

djh ohvv wkdq 69 lq rughu wr pdnh rxu vdpsoh vl}h odujh hqrxjk1 Lq wkh

wdeoh/ zh dovr vkrz wkh vwdwlvwlfv iru frkruw 61 Wkhvh vkrz wkdw wkh

ohyho ri sduwlflsdwlrq kdv qrw fkdqjhg pdunhgo|/ exw sduwlflsdwlrq ri

prwkhuv kdv lqfuhdvhg dqg zrphq uhwxuq wr zrun idvwhu1 Wkh dlp ri

vhfwlrq 8 rq frpsdudwlyh vwdwlfv lv wr vkrz zkdw fkdqjhv pd| lqgxfh

wkh revhuyhg fkdqjhv lq wkhvh vwdwlvwlfv1

Wdeoh 9= Edvholqh Prgho dqg Pdlq Vwdwlvwlfv

Edvholqh Gdwd/ Frkruw 5 Gdwd/ Frkruw 6
Sduwlflsdwlrq 319; 31:3 31:9

Sduw Nlg 3177 3177 319:
Udwlr E2D 5136 41;3 4155

Phgldq gxudwlrq ri h{lw 7 7 6
Wkh urz Sduwlflsdwlrq uhsruwv wkh dyhudjh sduwlflsdwlrq udwhv ri zrphq
dfurvv doo djhv1 Wkh uruz Sduw Nlg uhsruwv sduwlflsdwlrq udwhv iru
prwkhuv ri fkloguhq djhg 6 ru |rxqjhu1 Wkh urz Udwlr E2D uhsruwv
Sduwlflsdwlrq Ehiruh Fklogeluwk
Sduwlflsdwlrq Diwhu Fklogeluwk 1 Phgldq gxudwlrq lv iru doo zrphq zkr h{lw dw
fklogeluwk1

Xqfhuwdlqw| Ydoxhv iru wkh yduldqfhv ri shupdqhqw vkrfnv

duh wdnhq iurp Phjklu dqg Slvwdihuul +5337,1 Lq rxu edvholqh

sdudphwhulvdwlrq/ zh rqo| doorz iru shupdqhqw vkrfnv1 Iru erwk

dgxowv/ wkh yduldqfh ri wkh shupdqhqw vkrfnv/ j5�c duh dvvxphg

wr eh frqvwdqw dfurvv wkh olih0wlph dqg zh dvvxph wkdw vkrfnv wr

wkh hduqlqjv ri wkh kxvedqg dqg zlih duh xqfruuhodwhg1 Lq wkh
45Iru frkruw 5/ wdnlqj doo zrphq zkr h{lw ehiruh djh 65/ phgldq gxudwlrq lv 61

Krzhyhu/ lq wkh vlpxodwlrqv/ zh duh orrnlqj rqo| dw zrphq zkr h{lw dw djh 57 dqg
vr zh vhw rxu vwdwlvwlf iru phgldq gxudwlrq wr 71

5<



frpsdudwlyh vwdwlfv/ zh frqvlghu wkh lpsdfw rq ihpdoh sduwlflsdwlrq

ri fkdqjlqj xqfhuwdlqw| derxw kxvedqg hduqlqjv1 Wkh rplvvlrq ri

whpsrudu| vkrfnv iru zrphq hduqlqjv zdv grqh rqo| wr vlpsoli| wkh

frpsxwdwlrqv1 Rqfh zh kdg fdoleudwhg wkh prgho/ zh fdofxodwhg wkh

sduwlflsdwlrq vwdwlvwlfv doorzlqj iru wudqvlwru| vkrfnv +dv hvwlpdwhg

e|Phjklu dqg Slvwdihuul/ 5337, dqg wkh vwdwlvwlfv zhuh olwwoh fkdqjhg=

wkh pdlq fkdqjh zdv wkdw sduwlflsdwlrq e| prwkhuv ri fkloguhq djh

6 ru ohvv ihoo wr 3174 iurp wkh edvholqh ri 3177146

Lqwhuhvw Udwh dqg Glvfrxqw Udwh1 Zh dvvxph d glvfrxqw udwh

htxdo wr 3135/ zklfk lv voljkwo| kljkhu wkdq wkh lqwhuhvw udwh/ �{hg dw

313481

Ulvn dyhuvlrq1 Lq wkh xwlolw| ixqfwlrq +4,/ wkh frh!flhqw ri

uhodwlyh ulvn dyhuvlrq/ �c lv vhw wr 4181 Wklv ydoxh lv frqvlvwhqw zlwk

wkh hylghqfh rq wkh hodvwlflw| ri lqwhuwhpsrudo vxevwlwxwlrq lq wkh XV

surylghg e| Dwwdqdvlr dqg Zhehu +4<<8,1

Dyhudjh djh ri pdwhuqlw|1 Lq wkh edvholqh zh dvvxph wkdw wzr

fkloguhq duh eruq zkhq wkh prwkhu lv 57/ zklfk lv dssur{lpdwho| wkh

dyhudjh �uvw pdwhuqlw| djh iru zrphq ri Frkruw 51 Zh h{shulphqw

ehorz zlwk ghod|v lq pdwhuqlw| djh1

Uhwxuqv wr H{shulhqfh dqg Ghsuhfldwlrq Dv zh phqwlrqhg lq

Vhfwlrq 6/ wkhuh duh wkuhh lvvxhv wr dgguhvv lq wkh dffxpxodwlrq ri

kxpdq fdslwdo= �uvw/ krz idvw grhv kxpdq fdslwdo dffxpxodwh zkhq

zrunlqj> vhfrqg krz idvw grhv kxpdq fdslwdo ghsuhfldwh zkhq qrw

zrunlqj> dqg wklug/ krz shupdqhqw lv wkh ghsuhfldwlrq1 Zh vhw rq0

wkh0mre dffxpxodwlrq vr wkdw wkh hduqlqjv jurzwk h{shulhqfhg e|

d zrunhu zkr sduwlflsdwhv lq hyhu| shulrg pdwfkhv wkh SVLG gdwd/

frqwuroolqj iru frkruw h�hfwv1 Iru d zrunhu zkr sduwlflsdwhv iurp

djh 55 wr 95/ dqqxdo hduqlqjv grxeoh/ zlwk hduqlqjv jurzwk ehlqj

idvwhvw zkhq |rxqj1
46Wkh ghjuhh ri wkh shuvlvwhqfh ri lqfrph vkrfnv lv lpsruwdqw1 Li vkrfnv zhuh

l1l1g1 exw zlwk d kljk yduldqfh shu shulrg +wklv lv qhfhvvdu| wr nhhs wkh yduldqfh ri
olihwlph hduqlqjv frqvwdqw,/ sduwlflsdwlrq lv kljk dfurvv wkh olih0f|foh dv lqglylgxdov
idfh odujh dprxqwv ri rqjrlqj xqfhuwdlqw|1 Zlwk shuvlvwhqw vkrfnv/ wkh xqfhuwdlqw|
wudqvodwhv lqwr khwhurjhqhlw| odwh lq olih1 Wkhvh frqvlghudwlrqv duh lpsruwdqw
ehfdxvh ri wkh dvvxpswlrq ri wkh devhqfh ri shuvlvwhqfh ri vkrfnv lq Hfnvwhlq
dqg Zroslq +4<;<, dqg ydq ghu Noddxz +4<<9,1
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Wkh htxdwlrq iru wkh dffxpxodwlrq ri kxpdq fdslwdo lq Vhfwlrq 6

lv jlyhq e|

�w ' �w�4 n E#3 n #4|� U E�w�4 ' ��� BS�w�4U E�w�4 ' f�

*? +w ' *? +3 n �w � BW U E�w�4 ' f� n Dw n 0w +45,

Lq wdeoh :/ zh uhsruw wkh h{whqw ri wkh uhwxuqv wr h{shulhqfh e|

ydu|lqj #3 dqg vkrzlqj wkh h�hfw wkdw ehlqj rxw ri wkh oderxu

irufh kdv rq olihwlph hduqlqjv dvvxplqj }hur ghsuhfldwlrq= BS ' f

dqg BW ' f1 Zh frqvlghu 6 |hduv rxw 0 wklv ydoxh lv wkh phgldq

ohqjwk ri h{lw/ frqglwlrqdo rq uhhqwhulqj hpsor|phqw/ iru frkruw 51

Wkh lpsruwdqfh ri uhwxuqv wr h{shulhqfh lv ehvw looxvwudwhg e| wkh

gl�huhqfh ehwzhhq wkh frvw ri h{lw lq wkh wzr froxpqv1

Wdeoh := Hduqlqjv Frvw ri Oderxu Pdunhw Lqwhuxswlrqv

6 |hduv dw 57 6 |hduv dw 57 #f ' f
#f ' f�f� 3146 313<
#f ' f�fSD 314; 313<
#f ' f�� 3156 313<

Hfnvwhlq dqg Zroslq 3144 313<
ghu Noddxz 3146 3143

Wkh wdeoh vkrzv wkh iudfwlrq ri olihwlph hduqlqjv wkdw duh orvw lq
hdfk vfhqdulr1 Wkhvh fdofxodwlrqv dvvxph qr xqfhuwdlqw| ryhu zdjhv
dqg ghsuhfldwlrq udwhv duh vhw wr }hur1

Wkhvh fdofxodwlrqv dvvxph wkdw zdjhv duh nqrzq zlwk fhuwdlqw|1

Wkh h�hfw ri xqfhuwdlqw| dqg/ wkhuhiruh/ h{0srvw khwhurjhqhlw|/ lv wr

lqwurgxfh vhohfwlrq lqwr wkh h{lw ghflvlrq1 Lq sduwlfxodu/ lqglylgxdov

zkr h{lw whqg wr eh wkrvh zlwk +h{0srvw, orzhu zdjhv1 Iru wkhvh

zrphq/ hduqlqjv iruhjrqh zloo eh orzhu wkdq vkrzq deryh vxjjhvwlqj

wkdw wkhvh duh ryhu0hvwlpdwhv ri wkh prqhwdu| frvw sdlg e| wkrvh zkr

fkrrvh wr h{lw1 Rolyhwwl +5333, hvwlpdwhv wkh uhwxuq wr h{shulhqfh/

exw orrnlqj dw wkh h�hfw ri ydu|lqj krxuv ri zrun/ udwkhu wkdq

sduwlflsdwlrq1 Wklv phdqv zh fdqqrw xvh khu hvwlpdwhv iru orrnlqj

dw wkh h�hfw ri qrq0sduwlflsdwlrq rq kxpdq fdslwdo= li zh wrrn khu

hvwlpdwhv dv ehlqj uhohydqw iru wkh sduwlflsdwlrq fkrlfh/ wkhq d vshoo

64



ri 6 |hduv rxw ri wkh oderxu irufh dw djh 57 zrxog frvw 87( ri olihwlph

hduqlqjv1

Uhwxuqv wr h{shulhqfh lq rxu edvholqh duh juhdwhu wkdq wkrvh

hvwlpdwhg lq Hfnvwhlq dqgZroslq +4<;;, dqg ydq ghu Noddxz +4<<9,1

Dv glvfxvvhg deryh/ wkh hvwlpdwhv ri wkh frvw ri ehlqj rxw ri wkh

oderxu irufh lq wkrvh sdshuv duh olnho| wr eh xqghuhvwlpdwhv ri wkh

wuxh frvwv= wkh| duh ghwhuplqhg e| wkh iudfwlrq ri lqglylgxdov zkr

gr qrw sduwlflsdwh dqg/ jlyhq wkdw frqvxpswlrq htxdov lqfrph lq

wkrvh prghov/ lw lv kdug lq d g|qdplf surjudpplqj prgho wr lqgxfh

lqglylgxdov wr fkrrvh qrw wr sduwlflsdwh xqohvv wkh frvw ri grlqj vr lv

vpdoo1 Lq vhfwlrq 8 zh vkrz wkh h�hfw ri wdnlqj wkhvh orzhu hvwlpdwhv

ri wkh uhwxuqv iru sduwlflsdwlrq lq rxu prgho= lq wkh suhvhqfh ri

vdylqj/ wkhuh lv wrr pxfk h{lw iurp wkh oderxu irufh li wkhuh lv qr

ghsuhfldwlrq dqg wkh uhwxuqv wr h{shulhqfh duh orz1

Lq rxu edvholqh/ zh fdoleudwh wkh shupdqhqw ghsuhfldwlrq udwh wr eh

BS ' f�f2c dqg zh �{ wkh wudqvlwru| ghsuhfldwlrq udwh dw BW ' f�f� Lq

Plqfhu dqg Srodfkhn +4<:7, wkhuh lv rqo| shupdqhqw ghsuhfldwlrq/

Bsc zklfk wkh| hvwlpdwh wr eh durxqg 418( shu |hdu1 Wkhuh lv qr

frqwuroolqj iru vhohfwlrq lvvxhv lq wkdw sdshu exw wkhlu hvwlpdwhv duh

wkh rqo| rqhv dydlodeoh iru wkh shupdqhqw ghsuhfldwlrq1 Ydq ghu

Noddxz +4<<9, dqg Nhdqh dqg Zroslq +4<<:, dvvxph wkhuh lv rqo|

wudqvlwru| ghsuhfldwlrq/ BW c dqg lq Hfnvwhlq dqg Zroslq +4<;;, wkhuh

lv qr ghsuhfldwlrq1 Plqfhu dqg Roihn +4<;5, hvwlpdwh erwk Bs dqg BW
dqg �qg BW wr eh lpsruwdqw1 Plqfhu dqg Roihn +4<;5, dovr glvfxvv

zkhwkhu wkh ghsuhfldwlrq udwh lv qrw frqvwdqw1 Lq sduwlfxodu/ wkh|

glvfxvv wkh srvvlelolw| wkdw ghsuhfldwlrq udwhv lqfuhdvh zlwk gxudwlrq

ri h{lw1 Zh glvfxvv wkh lpsolfdwlrqv ri vxfk ghsuhfldwlrq lq vhfwlrq

91

Lq wdeoh ;/ zh vkrz wkh h�hfw rq wkh frvw ri wlph rxw ri wkh

oderxu irufh iru gl�huhqw ydoxhv ri shupdqhqw ghsuhfldwlrq/ ljqrulqj

xqfhuwdlqw|1 Wkh vwulnlqj srlqw derxw wklv wdeoh lv krz idvw wkh frvw

ri h{lw lqfuhdvhv zlwk shupdqhqw ghsuhfldwlrq zkhwkhu ru qrw wkhuh

duh uhwxuqv wr h{shulhqfh1 Wkh wdeoh grhv qrw uhsruw gl�huhqfhv lq

hduqlqjv orvv dvvrfldwhg zlwk lqfuhdvhv lq wudqvlwru| ghsuhfldwlrq1
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Wklv lv ehfdxvh vxfk lqfuhdvhv pdnh doprvw qr gl�huhqfh wr wkh

hduqlqjv orvv dvvrfldwhg zlwk h{lw1 Wklv lv vlpso| ehfdxvh zh duh

frqvlghulqj olih0wlph hduqlqjv dqg lq d olih0f|foh frqwh{w/ wkh ydoxh

ri BW lv wkh rqh0r� frvw ri uhwxuqlqj wr zrun147

Wdeoh ;= Kxpdq Fdslwdo Ghsuhfldwlrq= Hduqlqjv Frvw ri Oderu Pdunhw

Lqwhuuxswlrqv

6 |hduv dw 57 6 |hduv dw 57 #f ' f
B� ' f�f 314; 313<
B� ' f�f� 3154 3145
B� ' f�f2 3157 3148
B� ' f�fe 3163 3153
B� ' f�fS 3168 3158
B� ' f��f 3176 3166
Qr xqfhuwdlqw| ryhu zdjhv1 Lq froxpq 5/ �

3
@ 3=3981

Fklog Frvwv Htxdwlrq +7, ghwhuplqhv krz wkh �{hg frvw ri zrun

ydulhv zlwk fkloguhq1 Zh wdnh wkh sdudphwhuv ri wkh ixqfwlrq C iurp

Krw} dqg Ploohu +4<;;, zkr hvwlpdwh w ' SSf dqg � ' f�Hb xvlqj

4<:3v gdwd iurp wkh SVLG1 Wkh fklog frvw sulfh R lv vhw wr fdswxuh

erwk wkh gluhfw frvw dvvrfldwhg zlwk wkh fklog0fduh dqg dgglwlrqdo

orvv dvvrfldwhg zlwk wkdw fklog fduh148 Dv vkrzq lq Wdeoh 8 d ydoxh

ri wklv sdudphwhu htxdo wr 4; lv qhhghg1 Jlyhq wklv/ wkh udwlr ri fklog0

fduh h{shqvhv iru d qhzeruq wr dyhudjh dqqxdo hduqlqjv ri d 63 |hdu

rog zrphq zkr kdv dozd|v zrunhg lv 79(1 Lq Wdeoh ; zh fdofxodwh

wkh qhw suhvhqw ydoxh ri wkh lqfrph sdwk iurp wdnlqj d vshoo rxw

uhodwlyh wr qrw grlqj vr1 Li wkhuh zhuh qr xwlolw| frvw ri sduwlflsdwlrq

dqg qr xqfhuwdlqw|/ wklv rssruwxqlw| frvw ri qrq0sduwlflsdwlrq zrxog

ghwhuplqh wkh vl}h ri wkh �{hg frvw qhfhvvdu| wr lqgxfh wkdw vshoo ri

qrq0sduwlflsdwlrq1 Lqglylgxdov pd| fkrrvh wr zrun hduo| rq ghvslwh

fxuuhqw hduqlqjv ehlqj ohvv wkdq wkh �{hg frvw li wkhuh lv d vljql�fdqw
47Plqfhu dqg Srodfkhn +4<:7, h{soruh wkh lvvxh ri uhwxuqlqj wr zrun lq ehwzhhq

wkh duulydo ri fkloguhq dqg vkrz wkdw lqyhvwphqw lq kxpdq fdslwdo lv ohvv e| wkrvh
zkr zrun dw wklv vwdjh1 Lq wkh fxuuhqw sdshu/ zh devwudfw iurp wklv lvvxh e|
dvvxplqj wkdw hdfk idplo| kdv wzr fkloguhq vlpxowdqhrxvo|1

48Lqfoxglqj vrph nlqg ri xwlolw| frvw1
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uhwxuq wr h{shulhqfh dqg wkh| duh deoh wr �qdqfh wklv lqyhvwphqw

wkurxjk eruurzlqj1

Suhihuhqfhv Wkh �5 sdudphwhu uh hfwv wkh gluhfw xwlolw| frvw ri

sduwlflsdwlqj dqg lw wdnhv d ydoxh htxdo wr 314 lq rxu edvholqh1

Zh frxog dowhuqdwlyho| kdyh d �{hg frvw ri zrunlqj lq wkh exgjhw

frqvwudlqw wkdw lv qrw fklog uhodwhg1 Wkh �4 sdudphwhu uh hfwv wkh

uhgxfwlrq lq wkh xwlolw| ri frqvxpswlrq fdxvhg e| sduwlflsdwlrq1

Vlqfh � : � dqg �4 : fc wkh pdujlqdo xwlolw| ri frqvxpswlrq lv

juhdwhu zkhq sduwlflsdwlqj wkdq zkhq qrw sduwlflsdwlqj/ lq rwkhu

zrugv/ frqvxpswlrq dqg sduwlflsdwlrq duh frpsohphqwv lq xwlolw|/

dv lq ydq ghu Noddxz1 Sdudphwhu �4 wdnhv wkh ydoxh 31334 lq rxu

edvholqh1

715 Edvholqh olih f|foh sur�ohv

Jlyhq wkh sdudphwhuv lq Wdeoh 8 zh fdq vlpxodwh wkh prgho dqg

jhqhudwh olih f|foh sur�ohv iru vrph ri wkh yduldeohv ri lqwhuhvw1 Dv

zh phqwlrqhg deryh/ wkh edvholqh vlpxodwlrq doorzv iru eruurzlqj

+xs wr wkh srlqw wkdw jxdudqwhhv fhuwdlq uhsd|phqw, dqg ohqglqj1 Lq

dgglwlrq wr wklv vlpxodwlrq/ zh dovr uhsruw uhvxowv rq vlpxodwlrqv wkdw

gr qrw doorz eruurzlqj dqg vlpxodwlrqv wkdw doorz qhlwkhu eruurzlqj

qru vdylqj1 Iljxuh 46 vkrzv sur�ohv ri sduwlflsdwlrq iru wkh wkuhh

vhwv ri vlpxodwlrqv1 Wklv Iljxuh vkrzv wkdw lq dgglwlrq wr pdwfklqj

wkh vwdwlvwlfv lq Wdeoh 9/ wkh edvholqh prgho lv deoh wr uhsurgxfh

wkh vdolhqw ihdwxuhv ri wkh olih f|foh sur�ohv ri Frkruw 5 oderxu irufh

sduwlflsdwlrq vkrzq lq �jxuh 61 Lq sduwlfxodu/ wkh prgho jhqhudwhv

wkh lqfuhdvh lq sduwlflsdwlrq udwhv zlwk djh iroorzlqj fklogeluwk1 Zh

glvfxvv wkh sur�ohv zlwkrxw eruurzlqj dqg zlwkrxw eruurzlqj dqg

vdylqj ehorz1

Iljxuh 47 vkrzv wkh dyhudjh hduqlqjv sur�oh xqghu wkh dvvxpswlrq

ri ixoo sduwlflsdwlrq yhuvxv wkh dyhudjh hduqlqjv sur�oh iru sduwlflsdw0

lqj zrphq1 Zh fdq vhh wkdw wkh vhohfwlrq h�hfw phdqv wkdw dyhudjh

hduqlqjv ri wkrvh dfwxdoo| sduwlflsdwlqj duh kljkhu wkdq wkh srwhqwldo

hduqlqjv ri doo zrphq1 Iljxuh 47 dovr vkrz wkh sur�oh ri �{hg frvwv1
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Ilqdoo|/ Iljxuh 48 vkrzv dvvhw dffxpxodwlrq1 Lq rxu prgho/ lqglylg0

xdov vdyh sulru wr wkh duulydo ri fkloguhq/ wkhq uxq grzq vdylqjv dqg

eruurz zkloh fkloguhq duh |rxqj/ sduwlfxoduo| li qrw sduwlflsdwlqj1 Dv

wkh| jhw roghu/ ghew lv sdlg r�/ dqg wkhq lqglylgxdov vdyh wr fryhu

shulrgv ri qrq0sduwlflsdwlrq dw wkh hqg ri wkh olih0wlph +dowkrxjk

wkhuh lv qr h{rjhqrxv uhwluhphqw,1 Iljxuh 49 vkrzv wkh h{whqw wr

zklfk eruurzlqj dqg vdylqj vprrwkv frqvxpswlrq wkurxjk shulrgv

ri qrq0sduwlflsdwlrq1

No borrowing

Age

Proportion 
participating

Unconstrained
No borrowing 

or saving

30 40 50 60

0.3

0.5

0.7

0.9

Iljxuh 46= Vlpxodwhg Sduwlflsdwlrq Udwhv ryhu wkh Olih0F|foh

Uhvwulfwlrqv wr Lqwhuwhpsrudo Wudghv Iljxuhv 46/ 48 dqg 49 dovr

suhvhqw sur�ohv zkhq eruurzlqj lv frqvwudlqhg/ dqg wdeoh < vkrzv

sduwlflsdwlrq vwdwlvwlfv1 Iljxuh 46 vkrzv wkdw wkh vfhqdulr zlwkrxw

eruurzlqj jhqhudwhv sur�ohv iru sduwlflsdwlrq wkdw duh vlplodu wr

wkrvh zkhuh eruurzlqj lv doorzhg/ dowkrxjk wkh gls lq sduwlflsdwlrq

dw fklogeluwk lv ohvv li eruurzlqj lv frqvwudlqhg1 Dvvhw sur�ohv gr ri

frxuvh gl�hu/ zlwk lqglylgxdov pdlqwdlqlqj d ex�hu vwrfn ri vdylqj

li eruurzlqj frqvwudlqwv duh suhvhqw/ udwkhu wkdq eruurzlqj djdlqvw

ixwxuh hduqlqjv lq wkh xqfrqvwudlqhg fdvh +�jxuh 48,1

Wr frpsduh rxu prgho wr wkrvh ri Hfnvwhlq dqgZroslq +4<;<, dqg
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Iljxuh 47= Vlpxodwhg Hduqlqjv/ Srwhqwldo Hduqlqjv dqg Fklogfduh Frvwv
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400

30 40 50 60
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No borrowing

Unconstrained

Age

Iljxuh 48= Vlpxodwhg Dvvhw Dffxpxodwlrq
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Iljxuh 49= Frqvxpswlrq Sur�ohv +Qrw htxlydolvhg,

Wdeoh <= Sduwlflsdwlrq Vwdwlvwlfv zlwk Eruurzlqj Frqvwudlqwv

Edvholqh Qr Eruurzlqj Qr Eruurzlqj Gdwd
ru Vdylqj Frkruw 5

Sduwlflsdwlrq 319; 319; 319< 31:3
Sduw Nlg 3177 3184 3185 3177
Udwlr E2D 5136 41<< 41<9 5136

Phgldq gxudwlrq 7 9 8 7
Wkh urz Sduwlflsdwlrq uhsruwv wkh dyhudjh sduwlflsdwlrq udwhv ri
zrphq dfurvv doo djhv1 Wkh uruz Sduw Nlg uhsruwv sduwlflsdwlrq udwhv
iru prwkhuv ri fkloguhq djhg 6 ru |rxqjhu1 Wkh urz Udwlr E2D uhsruwv
Sduwlflsdwlrq Ehiruh Fklogeluwk
Sduwlflsdwlrq Diwhu Fklogeluwk 1 Phgldq gxudwlrq lv iru doo zrphq zkr h{lw
dw fklogeluwk1
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ydq ghu Noddxz +4<<9,/ zh dovr uxq rxu edvholqh vshfl�fdwlrq zlwkrxw

wkh srvvlelolw| ri eruurzlqj dqg vdylqj1 Lq Iljxuh 46/ zh qrwlfh wkdw

sduwlflsdwlrq lq wkh prgho zlwk qr lqwhuwhpsrudo wudgh lv vprrwkhu

ryhu wkh olih f|foh wkdq lq wkh rwkhu wzr fdvhv1 Wdeoh < uhsruwv

wkh fdoleudwlrq vwdwlvwlfv iurp hdfk ri wkh wkuhh prghov= xqolplwhg

vdylqj dqg eruurzlqj/ qr eruurzlqj/ dqg qr eruurzlqj ru vdylqj1

Wkh pdlq gl�huhqfh ehwzhhq wkh wkuhh vfhqdulrv lv lq wkh vl}h ri wkh

idoo lq sduwlflsdwlrq iru prwkhuv ri fkloguhq ohvv wkdq 61 Wkh idoo lq

sduwlflsdwlrq lv odujhu zkhq eruurzlqj lv srvvleoh ehfdxvh/ dv vkrzq

lq �jxuh 49/ wkh idoo lq sduwlflsdwlrq grhv qrw wudqvodwh lqwr dv odujh

d idoo lq frqvxpswlrq dv zkhq eruurzlqj lv frqvwudlqhg1 Vlploduo|/

dv zh vkrz lq vhfwlrq 8/ wkh suhvhqfh ri eruurzlqj frqvwudlqwv phdq

wkdw odujhu fkdqjhv lq sdudphwhu ydoxhv duh qhfhvvdu| wr jhqhudwh

wkh revhuyhg fkdqjhv lq sduwlflsdwlrq sur�ohv1

Iurp wklv hylghqfh/ zh fdq gudz lpsolfdwlrqv derxw wkh sdud0

phwhu ydoxhv qhhghg wr fdoleudwh wr revhuyhg sduwlflsdwlrq vwdwlvwlfv

xqghu dowhuqdwlyh dvvxpswlrqv rq lqwhuwhpsrudo wudgh1 Iru lqvwdqfh/

xvlqj rxu fdoleudwhg edvholqh sdudphwhuv/ zh vhh wkdw sduwlflsdwlrq

zkhq fkloguhq duh ohvv wkdq 6 lv wrr kljk li eruurzlqj lv frqvwudlqhg1

Wdeoh 43 vkrzv wkdw lq wklv fdvh dq lqfuhdvh lq wkh qrq0dgglwlyh

xwlolw| frvw/ �4 fdq ghfuhdvh �Sduw Nlg�1 Wkh qrq0dgglwlyh xwlo0

lw| frvw pdnhv qrq0sduwlflsdwlrq dqg frqvxpswlrq forvhu vxevwlwxwhv

dqg vr frqvxpswlrq idoolqj zlwk qrq0sduwlflsdwlrq grhv qrw kdyh wkh

vdph xwlolw| frvw1 Wklv uhgxfhv sduwlflsdwlrq dw doo djhv/ vxjjhvwlqj

d vpdoohu gluhfw xwlolw| frvw ri sduwlflsdwlrq lv qhhghg1 Zh gr qrw

uhfdoleudwh h{solflwo| wkh prgho xqghu gl�huhqw dvvxpswlrqv derxw

eruurzlqj dqg vdylqj1 Krzhyhu/ wkh hylghqfh lq Wdeoh 43 vkrzv krz

wkh dvvxpswlrqv rq lqwhuwhpsrudo wudgh fdq eh lpsruwdqw iru wkh

hvwlpdwlrq ri suhihuhqfh sdudphwhuv1
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Wdeoh 43= Fdoleudwhg Suhihuhqfh Sdudphwhuv

Xqfrqvwudlqhg Qr Eruurzlqj Qr Eruurzlqj
ru Vdylqj

Sduw Sduw Nlg Sduw Sduw Nlg Sduw Sduw Nlg

��

313 31:< 3178 31:< 31867 31;3 3186
31338 31:6 3178 31;3 3187 31;3 3186
3138 31:6 3178 31:6 3185 31:7 3184
314 319; 3177 319; 3184 319< 3185

3148 3198 3179 3194 317; 3196 317<
3163 3173 3157 3168 3154 316; 3157

�2

313 31:: 3179 31:9 3185 31:: 3184
313334 31:9 3179 31:9 3185 31:: 3186
31334 319; 3177 319; 3184 319< 3185

31335 3194 3178 318< 317< 318< 317;
31338 3164 314; 315; 3153 3166 3154
3134 3145 313: 3144 313; 3147 313<

Wkh froxpq Sduw uhsruwv wkh dyhudjh sduwlflsdwlrq udwhv ri zrphq
dfurvv doo djhv1 Wkh froxpq Sduw Nlg uhsruwv sduwlflsdwlrq udwhv iru
prwkhuv ri fkloguhq djhg 6 ru |rxqjhu1 Wkh froxpq Udwlr E2D uhsruwv
Sduwlflsdwlrq Ehiruh Fklogeluwk
Sduwlflsdwlrq Diwhu Fklogeluwk 1 Phgldq gxudwlrq lv iru doo zrphq zkr h{lw1
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8 H{sodlqlqj fkdqjhv lq ihpdoh sduwlflsdwlrq

Lq wklv vhfwlrq zh ghvfuleh wkh lpsdfw wkdw fkdqjhv lq wkh hfrqrplf

hqylurqphqw kdyh rq ihpdoh sduwlflsdwlrq ryhu wkh olih0f|foh149 Rxu

pdlq dlp lv wr hvwdeolvk zkdw duh wkh prvw olnho| h{sodqdwlrqv iru wkh

fkdqjh lq wkh vkdsh ri wkh olih f|foh sur�ohv ri frkruw 6 uhodwlyh wr

frkruw 51 Lq sduwlfxodu/ zh zloo irfxv rq fkdqjhv lq fklog0fduh frvwv

dqg uhwxuq wr h{shulhqfh1 Rxu vwudwhj| lv �uvw wr hvwdeolvk krz pxfk

sduwlflsdwlrq fkdqjhv zlwk jlyhq fkdqjhv lq wkh yduldeoh ri lqwhuhvw1

Zh wkhq glvfxvv zkdw fkdqjhv frqvwlwxwh sodxvleoh h{sodqdwlrqv iru

wkh revhuyhg fkdqjhv lq oderxu vxsso|1

814 Fklog0fduh Frvwv

Lq Wdeoh 44 dqg Iljxuhv 4: dqg 4; zh vkrz krz sduwlflsdwlrq uhdfwv

wr wkh sulfh ri fklog0fduh lq rxu prgho1 Lq wkh Wdeoh zh uhsruw/ iru

hdfk ohyho ri fklog frvw +dqg ohdylqj wkh rwkhu edvholqh sdudphwhuv

xqfkdqjhg,/ sduwlflsdwlrq vwdwlvwlfv iru wkh edvholqh fdvh dqg iru

wkh vlwxdwlrq lq zklfk lqglylgxdov duh eruurzlqj frqvwudlqhg1 D

uhgxfwlrq lq fklog0fduh frvwv lqfuhdvhv vxevwdqwldoo| sduwlflsdwlrq e|

prwkhuv ri |rxqj fkloguhq dqg kdv d vpdoo srvlwlyh h�hfw rq ryhudoo

sduwlflsdwlrq1 Wkh uhgxfwlrq lq fklog0fduh frvwv fdq wkhuhiruh  dwwhq

wkh djh 0 sduwlflsdwlrq sur�oh ri |rxqj prwkhuv/ zlwkrxw kdylqj d

vxevwdqwldo h�hfw rq wkh ohyho ri sduwlflsdwlrq1 Iru lqvwdqfh/ prylqj

iurp wkh edvholqh frvw ri 4; wr d frvw ri 4818 +ru d elw deryh,

hvvhqwldoo| h{sodlqv wkh gl�huhqfh lq wkh sduwlflsdwlrq udwh ri prwkhuv

ri |rxqj fkloguhq lq wkh vhfrqg dqg wklug frkruw1 Rq wkh rwkhu kdqg/

phgldq gxudwlrq ri h{lwv grhv qrw ghfuhdvh lq wkh zd| zh revhuyh

lq wkh gdwd1 Rq wkh frqwudu|/ phgldq gxudwlrq/ jlyhq rxu prgho ri

sduwlflsdwlrq/ lqfuhdvhv udwkhu wkdq jrlqj grzq1 Zh uhwxuq wr wklv

lvvxh lq wkh qh{w vhfwlrq1

Li krxvhkrogv duh eruurzlqj frqvwudlqhg/ fklogfduh frvwv pxvw eh

kljkhu wr pdwfk wkh revhuyhg sduwlflsdwlrq udwh ri prwkhuv ri |rxqj
49Iru hdfk vhw ri sdudphwhu fkdqjhv/ zh suhvhqw wkh edvholqh vwdwlvwlfv lq erog

wh{w lq wkh wdeohv dqg edvholqh sur�ohv zlwk vrolg olqhv lq wkh �jxuhv1
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fkloguhq Ixuwkhu/ d juhdwhu uhgxfwlrq lq fklog fduh frvwv lv qhhghg wr

h{sodlq wkh fkdqjh lq sduwlflsdwlrq1 Lq sduwlfxodu/ wkh sduwlflsdwlrq

udwhv ri prwkhuv ri fkloguhq djhg 6 ru ohvv duh ohvv vhqvlwlyh wr fklog

fduh frvwv li krxvhkrogv fdqqrw eruurz1 Wkh pdlq gl�huhqfh ehwzhhq

wkh eruurzlqj frqvwudlqhg dqg xqfrqvwudlqhg fdvhv/ krzhyhu/ lv wkdw

li lqglylgxdov duh eruurzlqj frqvwudlqhg/ phgldq gxudwlrq grhv qrw

lqfuhdvh dv fklog frvwv idoo1

Wkh fkdqjh lq phgldq gxudwlrqv lv sduwo| d frpsrvlwlrq h�hfw

lq wkdw vrph zrphq zkr zrxog fkrrvh wr h{lw lq wkh edvholqh

hqylurqphqw duh qr orqjhu h{lwlqj1 R�vhwwlqj wklv frpsrvlwlrq h�hfw

lv wkh lpsdfw rq ehkdylrxu ri wkrvh zkr zrxog fkrrvh wr h{lw lq erwk

wkh edvholqh fdvh dqg wkh fdvh zlwk orzhu fklogfduh frvwv= uhgxfhg

fklog fduh frvwv vkrxog lqgxfh vkruwhu gxudwlrqv iru wkrvh zkr h{lw1

Lq wkh vlpxodwlrqv zlwkrxw eruurzlqj frqvwudlqwv/ wkh frpsrvlwlrq

h�hfw grplqdwhv/ zkhuhdv lq wkh gdwd dqg lq wkh vlpxodwlrqv zlwk

eruurzlqj frqvwudlqwv/ wkh ehkdylrxudo h�hfw dsshduv wr grplqdwh1

815 Uhwxuqv wr h{shulhqfh

Dv vxjjhvwhg e| Rolyhwwl +5334,/ dq lqfuhdvh lq wkh uhwxuqv wr

h{shulhqfh pd| d�hfw oderxu vxsso|1 Dq lqfuhdvh lq wkh uhwxuq wr

h{shulhqfh kdv wzr h�hfwv= �uvw/ lw lqfuhdvhv wkh rssruwxqlw| frvw ri

qrw sduwlflsdwlqj dqg vhfrqg/ lw lqfuhdvhv srwhqwldo olihwlph zhdowk1

Lq fduu|lqj rxw frpsdudwlyh vwdwlfv/ zh zdqw wr lvrodwh wkhvh wzr

h�hfwv1 Wkh lqfuhdvh lq olihwlph lqfrph phdqv wkdw wkh sursruwlrq

ri olihwlph hduqlqjv wkdw zrxog eh vshqw rq fklog fduh duh vpdoohu

dqg wklv pdnhv wkh zrunlqj ghflvlrq gxulqj hduo| prwkhukrrg ohvv

frvwo|1

Lq Wdeoh 45 zh uhsruw wkh vdph sduwlflsdwlrq vwdwlvwlfv uhsruwhg

lq Wdeoh 44 iru gl�huhqw uhwxuqv wr h{shulhqfh/ zlwkrxw fruuhfwlqj

iru wkh fkdqjh wr olihwlph zhdowk1 Zh dovr uhsruw wkh h�hfw ri wkh

lqfuhdvhg uhwxuqv rq wkh rssruwxqlw| frvw ri h{lw14: Lq Iljxuhv 4<
4:Zh lqfuhdvh wkh uhwxuqv wr h{shulhqfh wkurxjk #fc wkh sdudphwhu ghwhuplqlqj

wkh lqfuhdvh lq kxpdq fdslwdo wkdw lv lqgshqghqw ri djh1 Zkhq zh dgmxvw
#fczh dgmxvw #�c wkh sdudphwhu ghwhuplqlqj wkh lqfuhdvh lq kxpdq fdslwdo wkdw
lv ghshqghqw rq djh/ vr wkdw wkh pdujlqdo lqfuhdvh lq kxpdq fdslwdo iurp zrunlqj
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Wdeoh 44= Sduwlflsdwlrq Vwdwlvwlfv ydu|lqj Fklogfduh Frvwv

R Sduw Sduw Nlg Udwlr E2D Phgldq
Gxudwlrq

Xqfrqvwudlqhg

4513 31:; 31;< 414< 4;
4713 31:; 31;9 4154 4818
4818 31:9 31:< 415< 4;
4913 31:4 3186 41;9 8
4;13 319; 3177 5136 7

5313 319: 3167 51:< 618
5513 3197 3158 713< 6

Qr Eruurzlqj Doorzhg

4513 31:8 31:7 4168 7
4713 31:4 3199 417: 7
4818 31:3 318; 419; 6
4913 319< 3188 41;4 7
4;13 319; 3184 41<< 9

5313 3198 3174 513; 6
5513 3197 3166 51;< 6

Wkh froxpq Sduw uhsruwv wkh dyhudjh sduwlflsdwlrq udwhv ri zrphq
dfurvv doo djhv1 Wkh froxpq Sduw Nlg uhsruwv sduwlflsdwlrq udwhv
ri prwkhuv ri fkloguhq djhg 6 ru |rxqjhu1 Wkh froxpq Udwlr
E2D uhsruwv Sduwlflsdwlrq Ehiruh Fklogeluwk

Sduwlflsdwlrq Diwhu Fklogeluwk 1 Phgldq gxudwlrq lv iru doo
zrphq zkr h{lw dw fklogeluwk1
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dqg 53/ zh vkrz wkh olih0f|foh sur�ohv iru sduwlflsdwlrq1 Dq lqfuhdvh

lq wkh uhwxuq wr h{shulhqfh fdq kdyh d odujh h�hfw rq sduwlflsdwlrq/ lq

sduwlfxodu lqgxflqj juhdwhu sduwlflsdwlrq gxulqj hduo| prwkhukrrg1

Wklv lv sduwlfxoduo| wuxh zkhq eruurzlqj lv xqfrqvwudlqhg1 Wkh

fkdqjh lq sduwlflsdwlrq rffxuv ehfdxvh juhdwhu uhwxuqv wr h{shulhqfh

lqgxfhv lqglylgxdov wr eruurz djdlqvw ixwxuh hduqlqjv wr fryhu fklog

frvwv zkhq |rxqj1 Li eruurzlqj lv frqvwudlqhg/ wkh lqfuhdvh lq wkh

uhwxuq wr h{shulhqfh kdv d pxfk pruh pxwhg h�hfw rq sduwlflsdwlrq1

Lq wkh devhqfh ri uhwxuqv wr h{shulhqfh/ lqglylgxdov duh pruh deoh

wr lqwhuwhpsrudoo| vxevwlwxwh wkhlu oderxu vxsso|/ zrunlqj zkhq wkh

zdjh lv kljk ru fklog frvwv orz dqg h{lwlqj zkhq wkh| uhfhlyh d edg

zdjh vkrfn ru idfh kljk fklog0fduh frvwv1 Khqfh/ wkhuh lv pruh h{lw

iru prwkhuv zlwk lqidqwv1

Dv zlwk wkh uhgxfwlrq ri fklog fduh frvwv/ juhdwhu uhwxuqv wr

h{shulhqfh duh dvvrfldwhg lq rxu edvholqh zlwk lqfuhdvhv lq wkh

phgldq gxudwlrq ri h{lwv1 Zkhq eruurzlqj lv uhvwulfwhg wkh h�hfw

rq gxudwlrqv lv ohvv fohdu/ exw zlwk wklv uhvwulfwlrq zh gr qrw revhuyh

vx!flhqw lqfhdvhv lq sduwlflsdwlrq wr pdwfk wkh gdwd zlwklq wkh udqjh

zh frqvlghu1

Wkh lpsruwdqw txhvwlrq khuh lv krz odujh duh wkh lqfuhdvhv lq

uhwxuqv qhfhvvdu| wr lqgxfh wkh revhuyhg fkdqjhv lq sduwlflsdwlrq1

Zkhq lqglylgxdov duh xqfrqvwudlqhg/ #3 pxvw lqfuhdvh wr 313;1 Wklv

lv d 57( lqfuhdvh lq wkh pdujlqdo ehqh�w ri zrunlqj dw hdfk djh1

Wklv lqfuhdvh lv voljkwo| ohvv wkdq wkh lqfuhdvh ri 6;( hvwlpdwhg e|

Rolyhwwl +5333,1

Zh qrz wu| wr glvhqwdqjoh wkh sxuh g|qdplf h�hfw lqgxfhg e|

dq lqfuhdvh lq wkh uhwxuq wr h{shulhqfh iurp wkh zhdowk h�hfw1

Wkhuh duh vhyhudo zd|v zh fdq fkdqjh wkh uhwxuq wr h{shulhqfh dqg

nhhs h{shfwhg olihwlph lqfrph frqvwdqw1 Lq Wdeoh 46/ zh irfxv rq

dgmxvwlqj wkh lqlwldo zdjh iru zrphq/ +3c iru hdfk ydoxh ri wkh uhwxuq

wr h{shulhqfh wr krog frqvwdqw wkh qhw suhvhqw ydoxh ri olih0f|foh

hduqlqjv iru d zrphq zkr sduwlflsdwhv lq hyhu| shulrg1 Wkh nh|

srlqw derxw wklv wdeoh lv wkdw lqfuhdvhv lq uhwxuqv wr h{shulhqfh ohdg

ghfolqhv wr wkh vdph ydoxh dw wkh hqg ri wkh zrunlqj olih0f|foh lq doo fdvhv1
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Wdeoh 45= Sduwlflsdwlrq Vwdwlvwlfv ydu|lqj Uhwxuqv wr H{shulhqfh

#f Rss Frvw Sduw Sduw Nlg Udwlr E2D Phgldq
Gxudwlrq

Xqfrqvwudlqhg

313 3149 3187 3159 6173 7
3136 3153 3196 3177 5134 7
31398 3157 319; 3177 5136 7

313:8 3159 31:3 3184 41<5 :
313;3 315: 31:7 319; 417; 45
313;6 315: 31;3 31;4 4149 53
313;8 315; 31;4 31<3 4146 W
3143 3163 31;7 31<5 4143 57

Qr Eruurzlqj Doorzhg

313 314: 3187 3159 61:: 7
3136 3153 3194 3177 41<: 7
31398 3157 319; 3184 41<< 9

313:8 3159 319< 3184 513 9
313;3 315: 31:3 3186 41<8 8
313;6 315: 31:4 3185 41<7 8
313;8 315; 31:3 3184 41<: 8
3143 3163 31:6 3187 41;6 8

Wkh froxpq Sduw uhsruwv wkh dyhudjh sduwlflsdwlrq udwhv ri zrphq
dfurvv doo djhv1 Wkh froxpq Sduw Nlg uhsruwv sduwlflsdwlrq udwhv
ri prwkhuv ri fkloguhq djhg 6 ru |rxqjhu1 Wkh froxpq Udwlr
E2D uhsruwv Sduwlflsdwlrq Ehiruh Fklogeluwk

Sduwlflsdwlrq Diwhu Fklogeluwk 1 Phgldq gxudwlrq lv iru doo
zrphq zkr h{lw dw fklogeluwk1 Wkh ydoxh W lqglfdwhv wkh phgldq
zrpdq grhv qrw uhhqwhu1
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Iljxuh 4<= Sduwlflsdwlrq Sur�ohv ydu|lqj uhwxuqv wr h{shulhqfh +Xqfrqvwudlqhg,
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Iljxuh 53= Sduwlflsdwlrq Sur�ohv ydu|lqj uhwxuqv wr h{shulhqfh +Qr Eruurzlqj,
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wr orzhu sduwlflsdwlrq ryhudoo dqg orzhu sduwlflsdwlrq e| prwkhuv

ri lqidqwv1 Wklv vxjjhvwv wkdw wkh lqfuhdvhv lq sduwlflsdwlrq vhhq

lq Wdeoh 45 duh gxh wr wkh lqfuhdvh lq olihwlph hduqlqjv dqg

fruuhvsrqglqj idoo lq wkh sursruwlrq ri olihwlph hduqlqjv wkdw zrxog

eh vshqw rq fklog fduh udwkhu wkdq wr wkh fkdqjhg uhwxuq wr

dffxpxodwlqj kxpdq fdslwdo shu vh14;

Wdeoh 46= Uhwxuqv wr H{shulhqfh/ Zdjh Ohyho Dgmxvwhg

# *? +f Sduw Sduwnlg Udwlr ehi2diwhu Phgldq gxudwlrq
313 4184 31:3 3196 4196 8
3136 415; 31:4 3193 417< 6
31398 4133 319; 3177 5136 7

313;8 31;6 3198 3166 51;7 7
3143 31:4 3196 3157 61<8 6

Wkh zdjh vfkhgxoh lv vkliwhg xs ru grzq e| ydu|lqj oq|3 wr
krog frqvwdqw wkh qhw suhvhqw ydoxh ri hduqlqjv iru d zrpdq zkr
sduwlflsdwhv lq hyhu| |hdu1

816 Ghsuhfldwlrq

Wkh hylghqfh lq wdeoh 47 vxjjhvwv wkdw ghsuhfldwlrq udwhv kdyh lq0

fuhdvhg ehwzhhq frkruw 5 dqg 61 Wdeoh 47 vkrzv/ krzhyhu/ wkdw

lqfuhdvhv lq ghsuhfldwlrq kdyh olwwoh h�hfw rq wkh sduwlflsdwlrq vwd0

wlvwlfv1 Ghsuhfldwlrq rqo| lpsdfwv rq sduwlflsdwlrq zkhq ghsuhfl0

dwlrq udwhv duh yhu| kljk1 Iru ydoxhv ri ghsuhfldwlrq ehwzhhq 313

dqg 3139 zh gr qrw revhuyh pxfk gl�huhqfh lq sduwlflsdwlrq vwdwlv0

wlfv1 Krzhyhu/ wkh uhvxow wkdw ghsuhfldwlrq kdv yhu| olwwoh lpsdfw

rq sduwlflsdwlrq lv vrphzkdw ghshqghqw rq wkh udwlr ri wkh zdjh wr

fklog0fduh frvwv= li wkh udwlr lv kljkhu dqg vr fklog0fduh frvwv ohvv lp0

sruwdqw/ wkhq lqfuhdvhv lq ghsuhfldwlrq fdq kdyh d elj lpsdfw1 Iurp
4;Zh dovr frqvlghu dgmxvwlqj wkh kxvedqg*v lqlwldo zdjh lq hdfk ri wkh uhwxuqv wr h{shulhqfh

vfhqdulrv wr krog frqvwdqw wkh qhw suhvhqw ydoxh ri wrwdo idplo| lqfrph iru d krxvhkrog zkhuh wkh
zrpdq zrunv ixoo0wlph1 Zkhq wklv dgmxvwphqw lv pdgh/ dq lqfuhdvh lq wkh uhwxuq wr h{shulhqfh iru
zrphq lpsolhv orzhu uhodwlyh hduqlqjv iru phq ehfdxvh orzhu pdoh hduqlqjv duh qhfhvvdu| wr krog
krxvhkrog olihwlph hduqlqjv �{hg1 Ihpdoh sduwlflsdwlrq lqfuhdvhv idvwhu dv uhwxuqv wr h{shulhqfh
lqfuhdvh zlwk wklv dgmxvwphqw wkdq lq wkh vfhqdulr zlwk qr dgmxvwphqw1 Wklv lv sulpdulo| ehfdxvh
wkh orzhu +uhodwlyh, pdoh zdjh phdqv wkh pdujlqdo xwlolw| iurp wkh h{wud frqvxpswlrq dvvrfldwhg
zlwk dq h{wud krxu ri zrun lv juhdwhu1

7:



wkhvh frqvlghudwlrqv zh frqfoxgh/ wkhuhiruh/ wkdw wkh lpsdfw ri gh0

suhfldwlrq lv rqo| vhfrqg0rughu dqg lv uhohydqw rqo| zkhq wkh ghflvlrq

derxw sduwlflsdwlrq lv pdujlqdo1

Wdeoh 47= Sduwlflsdwlrq Vwdwlvwlfv ydu|lqj Ghsuhfldwlrq Udwhv

B� Sduw Sduw Nlg Udwlr E2D Phgldq
Gxudwlrq

Xqfrqvwudlqhg

313 31:4 3178 5134 6
3134 319< 3177 5137 7
3135 319; 3177 5136 7

3139 3197 3178 41<: 8
3148 318; 3173 5163 4;

Qr Eruurzlqj Doorzhg

3133 319; 317< 5134 7
3134 319: 317< 5135 7
3135 319; 3184 41<< 9

3139 3197 3184 41<: <
3148 3194 3185 41;8 53

Wkh froxpq Sduw uhsruwv wkh dyhudjh sduwlflsdwlrq udwhv ri zrphq
dfurvv doo djhv1 Wkh froxpq Sduw Nlg uhsruwv sduwlflsdwlrq udwhv
iru prwkhuv ri fkloguhq djhg 6 ru |rxqjhu1 Wkh froxpq Udwlr
E2D uhsruwv Sduwlflsdwlrq Ehiruh Fklogeluwk

Sduwlflsdwlrq Diwhu Fklogeluwk 1 Phgldq gxudwlrq lv iru doo
zrphq zkr h{lw dw fklogeluwk1

Lq rxu prgho/ wkh udwh ri ghsuhfldwlrq ri kxpdq fdslwdo lv

lqghshqghqw ri wkh gxudwlrq ri wkh vshoo rxw ri wkh pdunhw1 Wkhuh

lv vrph hylghqfh/ krzhyhu/ wkdw wklv dvvxpswlrq lv wrr uhvwulfwlyh

lq wkdw kxpdq fdslwdo ghsuhfldwlrq vhhpv lqfuhdvlqj lq gxudwlrq1

Mdfrevrq/ OdOrqgh dqg Vxoolydq +4<<6,/ iru lqvwdqfh/ irxqg wkdw

orqj0whup glvsodfhg zrunhuv h{shulhqfh odujh dqg hqgxulqj hduqlqjv

orvvhv14< Wklv sdwwhuq ri ghsuhfldwlrq frxog frqwulexwh wr h{sodlq wkh
4<Omxqjtylvw dqg Vdujhqw +4<<;, dujxh wkdw wklv/ wrjhwkhu zlwk vrph ihdwxuhv ri

7;



uhgxfwlrq lq wkh phgldq gxudwlrq ri h{lwv ri ihpdohv1

817 Xqfhuwdlqw|

Fkdqjlqj wkh ghjuhh ri xqfhuwdlqw| derxw kxvedqg hduqlqjv kdv dq

h�hfw rq lqglylgxdo ehkdylrxu wkurxjk fkdqjlqj wkh suhfdxwlrqdu|

prwlyh wr vdyh dqg wr sduwlflsdwh1 Lq wdeoh 48 dqg �jxuh 54/ zh

frqvlghu wkh h�hfw ri lqfuhdvlqj wkh yduldqfh ri wkh shupdqhqw vkrfn

wr kxvedqg hduqlqjv1 Wkh suhfdxwlrqdu| h�hfw phdqv dq lqfuhdvh

lq xqfhuwdlqw| ohdgv wr lqfuhdvhg sduwlflsdwlrq e| prwkhuv ri |rxqj

fkloguhq1 Lqfuhdvhv lq xqfhuwdlqw| ohdg wr d  dwwhqlqj ri wkh djh 0

sduwlflsdwlrq sur�oh dvvrfldwhg zlwk |rxqj lqidqwv/ dqg grhv qrw ohdg

wr odujh lqfuhdvhv lq wkh ryhudoo ohyho ri sduwlflsdwlrq1 Krzhyhu/ wkh

lqfuhdvh lq xqfhuwdlqw| qhfhvvdu| wr rewdlq wklv h�hfw lv lpsodxvleo|

odujh frpsduhg wr vwdqgdug hvwlpdwhv +h1j1 Phjklu dqg Slvwdihuul/

5337,1 Ixuwkhu/ li zh lpsrvh d eruurzlqj frqvwudlqw/ wkh vlpxodwlrqv

gr qrw jhqhudwh wklv  dwwhqlqj ri wkh djh 0 sduwlflsdwlrq sur�oh iru

wkh udqjh zh frqvlghu1

25 30 35 40 45 50 55 60
0

0.2

0.4

0.6

0.8

1

 ←  σ2=0.010

 ←  σ 2=0.031

 ←  σ2=0.062

 ←  σ 2=0.093

Age

P
ro

po
rt

io
n 

pa
rt

ic
ip

at
in

g

Iljxuh 54= Sduwlflsdwlrq Sur�ohv ydu|lqj kxvedqg hduqlqjv xqfhuwdlqw| +Xqfrq0
vwudlqhg,

wkh Zhoiduh Vwdwh/ fdq frqwulexwh wr h{sodlq wkh shuvlvwhqwo| kljk xqhpsor|phqw
lq vrph Hxurshdq frxqwulhv1

7<



Wdeoh 48= Sduwlflsdwlrq Vwdwlvwlfv ydu|lqj Xqfhuwdlqw|

j2
1c6 Sduw Sduw Nlg Udwlr E2D Phgldq

Gxudwlrq

Xqfrqvwudlqhg

31343 31:6 3199 4187 4;
31364 319; 3177 5136 7

31395 31:3 3186 41:4 7
313<6 31:9 31;9 414< A

Qr Eruurzlqj Doorzhg

31343 3198 3184 513 :
31364 319; 3184 41<< 9

31395 31:3 3189 41:7 7
313<6 319< 3183 41<8 9

Wkh froxpq Sduw uhsruwv wkh dyhudjh sduwlflsdwlrq udwhv ri zrphq
dfurvv doo djhv1 Wkh froxpq Sduw Nlg uhsruwv sduwlflsdwlrq udwhv
ri prwkhuv ri fkloguhq djhg 6 ru |rxqjhu1 Wkh froxpq Udwlr
E2D uhsruwv Sduwlflsdwlrq Ehiruh Fklogeluwk

Sduwlflsdwlrq Diwhu Fklogeluwk 1 Phgldq gxudwlrq lv iru doo
zrphq zkr h{lw dw fklogeluwk1 D ydoxh ri W lqglfdwhv wkh phgldq
zrphq grhv qrw uhhqwhu1

83



818 Pdwhuqlw| Djh

Lq rxu edvholqh/ zh vhw wkh djh ri prwkhuv dw fklogeluwk dw 571 Dv

glvfxvvhg lq vhfwlrq 5/ djh ri prwkhuv dw fklogeluwk kdv lqfuhdvhg

pdunhgo| lq uhfhqw frkruwv dqg vr lq Wdeoh 49 dqg lq Iljxuh 55

zh frqvlghu krz fkdqjhv lq wkh djh ri prwkhuv dw fklogeluwk d�hfwv

sduwlflsdwlrq1

Wdeoh 49= Sduwlflsdwlrq Vwdwlvwlfv ydu|lqj Pdwhuqlw| Djh

Djh dw Fklogeluwk Sduw Sduw Nlg Udwlr E2D Phgldq
Gxudwlrq

Xqfrqvwudlqhg

56 3199 316; 5148 7
57 319; 3177 5136 7

5; 31:5 318< 4193 44
64 31:5 3189 418: 44
69 31:5 3189 4185 47

Qr nlgv 31;4

Qr Eruurzlqj Doorzhg

56 3199 3178 5153 5
57 319; 3185 41<: 9

5; 31:3 318; 419: 45
64 31:4 318< 4185 45
69 31:5 318: 417: 46

Qr nlgv 31;3

Wkh froxpq Sduw uhsruwv wkh dyhudjh sduwlflsdwlrq udwhv ri zrphq
dfurvv doo djhv1 Wkh froxpq Sduw Nlg uhsruwv sduwlflsdwlrq udwhv
iru prwkhuv ri fkloguhq djhg 6 ru |rxqjhu1 Wkh froxpq Udwlr
E2D uhsruwv Sduwlflsdwlrq Ehiruh Fklogeluwk

Sduwlflsdwlrq Diwhu Fklogeluwk 1 Phgldq gxudwlrq lv iru doo
zrphq zkr h{lw dw fklogeluwk1

Prwkhuv zkr kdyh fkloguhq odwhu/ whqg wr sduwlflsdwh pruh zkloh

wkhlu fkloguhq duh lqidqwv/ exw wklv h�hfw lv qrw prqrwrqlf lq
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Iljxuh 55= Sduwlflsdwlrq Sur�ohv ydu|lqj pdwhuqlw| djh +Xqfrqvwudlqhg,

pdwhuqlw| djh1 Ixuwkhu/ ryhudoo sduwlflsdwlrq udwhv uhpdlq idluo|

frqvwdqw dv djh dw fklogeluwk lqfuhdvhv dqg wkh udwlr ri sduwlflsdwlrq

ehiruh wr sduwlflsdwlrq diwhu prwkhukrrg ghfuhdvhv1 Wklv phdqv wkdw

dq h{rjhqrxv fkdqjh ri wkh pdwhuqlw| djh frxog h{sodlq wkh ihzhu

h{lwv revhuyhg lq uhfhqw frkruwv1 Wklv lv lwvhoi sduwo| gxh wr wkh

uhwxuqv wr h{shulhqfh lq wkh prgho= rqfh zrphq kdyh dffxpxodwhg

kxpdq fdslwdo/ wkh lqfhqwlyh wr ohdyh wkh oderu pdunhw duh vpdoohu

ehfdxvh ri wkh kljkhu rssruwxqlw| frvw lw kdv153

Krzhyhu/ phgldq gxudwlrq lqfuhdvhv zlwk djh ri fklogeluwk1 Wklv

lv djdlq gxh wr d frpsrvlwlrq h�hfw= dv djh ri fklogeluwk lqfuhdvhv/

wkh rssruwxqlw| frvw ri h{lw lqfuhdvhv1 Zrphq zlwk wkh kljkhvw

rssruwxqlw| frvw zkr suhylrxvo| h{lwhg iru rqo| d vkruw shulrg/ qr

orqjhu h{lw1 Iru wkrvh wkdw uhpdlq/ wkhlu ohqjwk ri h{lw pd| eh

orzhu wkdq suhylrxvo| exw wkh frpsrvlwlrq h�hfw phdqv wkdw phgldq

gxudwlrq ri h{lw lqfuhdvhv1
53Wkh ghod| ri pduuldjh gxh wr wkh dydlodelolw| ri wkh sloo/ dujxhg e| Jroglq

+5335,/ frxog lpso| dq lqfuhdvh ri zrphq hpsor|phqw e| lwvhoi/ udwkhu wkdq yld
wkh phfkdqlvp ri lqfuhdvlqj hgxfdwlrq1
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9 Lpsolfdwlrqv dqg Frqfoxvlrqv

Lw lv qrz wlph wr wdnh vwrfn rq wkh vlpxodwlrqv shuiruphg lq wkh

suhylrxv vhfwlrq dqg glvfxvv zkdw fdq eh ohduqhg iurp wkhp lq whupv

ri h{sodlqlqj wkh gl�huhqfhv lq wkh ehkdylrxu ri wkh Kloodu| Folqwrq

dqg Rsudk Zlqiuh| frkruwv wkdw zh glvfxvvhg lq Vhfwlrq 51 Zh

vlpxodwh wkuhh pdlq fkdqjhv wr lpsruwdqw ghwhuplqdqwv ri ihpdoh

oderxu vxsso|1 Zkloh zh gr qrw pdnh dq h{solflw dwwhpsw wr pdwfk

wkh vl}h ri wkhvh fkdqjhv lq dfwxdo gdwd +sduwo| ehfdxvh lw lv yhu| kdug

wr lghqwli| dqg phdvxuh wkhvh skhqrphqd,/ rxu vlpxodwlrqv vhuyh

wkh sxusrvh ri hydoxdwlqj wkh uhodwlyh phulwv ri gl�huhqw srvvleoh

h{sodqdwlrqv ri wkh revhuyhg fkdqjhv lq ihpdoh oderxu vxsso|1 Lq

sduwlfxodu/ kdylqj pdwfkhg wkh ehkdylrxu ri wkh Kloodu| Folqwrq

frkruw lq rxu edvholqh vlpxodwlrqv/ zh fkhfn krz wkh olih0f|foh sur�oh

ri ihpdoh oderxu vxsso| fkdqjhv zkhq zh ghfuhdvh wkh frvw ri fklog

fduh uhodwlyh wr hduqlqjv/ zkhq zh lqfuhdvh wkh uhwxuqv wr h{shulhqfh/

dqg wklug/ zkhq zh lqfuhdvh wkh ghsuhfldwlrq udwh ri kxpdq fdslwdo

zkhq rxw ri wkh oderxu pdunhw1 Lq dgglwlrq/ zh dovr vlpxodwh fkdqjhv

lq kxvedqg hduqlqjv xqfhuwdlqw| dqg pdwhuqlw| djh1

Iluvw/ zh revhuyh wkdw d uhodwlyho| odujh ghfuhdvh lq fklog fduh

frvwv zrxog eh qhhghg wr h{sodlq wkh lqfuhdvh lq sduwlflsdwlrq ri

prwkhuv ri |rxqj fkloguhq iurp wkh revhuyhg 3177 udwh lq wkh

Folqwrq frkruw wr wkh revhuyhg 319: lq wkh Zlqiuh| frkruw1 Zh

suhvhqwhg hylghqfh vkrzlqj wkdw vxfk fkdqjhv lq fklogfduh frvwv kdyh

rffxuhg1 Krzhyhu/ lq rxu edvholqh vlpxodwlrqv/ uhgxflqj fklog fduh

frvwv lqfuhdvhv phgldq gxudwlrq ri qrq0sduwlflsdwlrq iru wkrvh zkr

h{lw diwhu fklogeluwk1 Wklv lv wkh rssrvlwh ri zkdw lv revhuyhg lq wkh

gdwd1 Li krxvhkrogv idfh eruurzlqj frqvwudlqwv/ phgldq gxudwlrqv gr

qrw lqfuhdvh dv fklogfrvwv idoo1

Vhfrqg/ zkloh d vl}hdeoh lqfuhdvh lq wkh uhwxuqv wr h{shulhqfh

vhhpv deoh wr h{sodlq wkh lqfuhdvh lq sduwlflsdwlrq ri prwkhuv ri

|rxqj fkloguhq/54 zh vkrxog vwuhvv vrph lqwhusuhwdwlrq lvvxhv1 Wkh

lqfuhdvh lq sduwlflsdwlrq vhhpv wr eh pruh uhodwhg wr wkh zhdowk
54Zh qhhg dq lqfuhdvh ri durxqg 57( lq wkh zdjh jurzwk gxh wr dq h{wud |hdu

ri sduwlflsdwlrq1
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h�hfw lpsolhg e| wkh lqfuhdvh lq wkh uhwxuq wr h{shulhqfh wkdq e| wkh

lqfuhdvhg frvw ri ehlqj rxw ri wkh oderxu irufh1 Dv zlwk fklog frvwv/

wkh lqfuhdvh lq sduwlflsdwlrq ohdgv wr dq lqfuhdvh lq phdq dqg phgldq

gxudwlrq ri h{lw iru wkrvh zkr gr pryh rxw ri wkh oderxu pdunhw/ dqg

wklv/ rqfh djdlq/ lv lq frqwudvw zlwk zkdw zh revhuyh1 Dq lqfuhdvh lq

wkh uhwxuq wr h{shulhqfh fkdqjhv erwk wkh rssruwxqlw| frvw ri h{lw/

exw dovr wkh ohyho ri olih0wlph hduqlqjv1 Rqfh zh +frxqwhuidfwxdoo|,

frqwuro iru wkh lqfuhdvh lq olih0wlph hduqlqjv/ zh gr qrw revhuyh

wkh vdph uhdoorfdwlrq ri sduwlflsdwlrq ryhu wkh olih0f|foh1 Lqghhg/

wkh h�hfw ri lqfuhdvhg uhwxuqv wr h{shulhqfh jrhv lq wkh rssrvlwh

gluhfwlrq/ ohdglqj wr d uhgxfwlrq lq sduwlflsdwlrq zkhq fkloguhq duh

yhu| |rxqj1 Ixuwkhu/ lq vhfwlrq 5 zh fdvw vrph grxew rq wkh vl}h

ri wkh fkdqjh lq uhwxuq wr h{shulhqfh lq wkh gdwd1 Ilqdoo|/ zkhq

zh uhvwulfw wkh delolw| ri krxvhkrogv wr eruurz/ fkdqjhv lq uhwxuqv

wr h{shulhqfh gr qrw kdyh wkh lpsdfw rq sduwlflsdwlrq sur�ohv zh

revhuyh lq wkh gdwd1

Wklug/ lqfuhdvhv lq ghsuhfldwlrq udwhv fdq kdyh d odujh h�hfw rq

wkh rssruwxqlw| frvw ri h{lw dqg zh vkrz hylghqfh lq vhfwlrq 5 wkdw

ghsuhfldwlrq udwhv dsshdu wr kdyh lqfuhdvhg1 Krzhyhu/ vrphzkdw

vxusulvlqjo|/ wkhvh lqfuhdvhv gr qrw vhhp wr kdyh d vljql�fdqw h�hfw

rq wkh sduwlflsdwlrq ghflvlrq1 Wkh lpsdfw ri ghsuhfldwlrq dsshduv

wr eh vhfrqg0rughu1 Rqo| zkhq wkh ghflvlrq derxw sduwlflsdwlrq

lv pdujlqdo gr fkdqjhv lq ghsuhfldwlrq kdyh d odujh h�hfw rq

sduwlflsdwlrq1

Iurp wkhvh wkuhh h{shulphqwv/ zh frqfoxgh wkdw uhgxfwlrqv lq wkh

sulfh ri fklog0fduh +uhodwlyh wr hduqlqjv, fdq uhsurgxfh wkh revhuyhg

fkdqjhv lq wkh sduwlflsdwlrq vwdwlvwlfv1 Vlploduo|/ d odujh lqfuhdvh

lq uhwxuqv wr h{shulhqfh fdq lqgxfh wkh vdph fkdqjhv/ exw fkdqjhv

lq ghsuhfldwlrq fdqqrw1 Ehklqg wkhvh uhvxowv wkh vdph ghwhuplqdqwv

rshudwh= iru krxvhkrogv pdnlqj ghflvlrqv lq d olih0f|foh frqwh{w zkhuh

wkh| duh iuhh wr vdyh ru eruurz wkh prvw lpsruwdqw ghwhuplqdqw ri

sduwlflsdwlrq lv wkh vl}h ri wkh �{hg frvw uhodwlyh wr wkh lqfuhdvh lq

olihwlph hduqlqjv dvvrfldwhg zlwk sduwlflsdwlrq1 Lq wklv vhqvh/ erwk

wkh uhgxfhg fklog0frvw dqg wkh lqfuhdvhg uhwxuqv wr h{shulhqfh kdyh
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wkh vdph h�hfw ri uhgxflqj wkh udwlr ri wkh frvw ri sduwlflsdwlrq wr

wkh lqfuhdvh lq olihwlph hduqlqjv dvvrfldwhg zlwk sduwlflsdwlrq1 Vlqfh

wkh frvw ri uhhqwu| dvvrfldwhg zlwk kljkhu ghsuhfldwlrq fdq eh vsuhdg

ryhu wkh uhpdlqlqj olihwlph/ wkh frvw ri qrq0sduwlflsdwlrq lv vpdoohu

lq rxu prgho wkdq li wkh lpsdfw zdv rq frqvxpswlrq lq wkh uhhqwu|

shulrg rqo|1

Zkhq zh uhvwulfw wkh delolw| ri krxvhkrogv wr eruurz/ zh uhpryh

sduw ri wkhlu delolw| wr h{sorlw lqwhuwhpsrudo lqfhqwlyhv dqg wklv

phdqv wkdw d sduwlfxodu fkdqjh lq d sdudphwhu kdv d vpdoohu lpsdfw

rq wkh sduwlflsdwlrq sur�oh1 Wklv phdqv wkdw juhdwhu fkdqjhv lq

wkh sdudphwhuv duh qhfhvvdu| wr lqgxfh wkh revhuyhg fkdqjhv lq

sduwlflsdwlrq lq frkruw 61 Lq wkh fdvh ri uhwxuqv wr h{shulhqfh/ zh gr

qrw lqgxfh hqrxjk ri dq lqfuhdvh lq sduwlflsdwlrq wr pdwfk wkh gdwd

zlwklq wkh +zlgh, sdudphwhu udqjh frqvlghuhg1

Zh h{soruhg wzr ixuwkhu h{sodqdwlrqv ri wkh fkdqjh lq sduwlfl0

sdwlrq zklfk gr qrw lqyroyh zhdowk h�hfwv lq wkh vdph zd|1 Iluvw/

wkh revhuyhg lqfuhdvh lq pdwhuqlw| djh grhv lqfuhdvh sduwlflsdwlrq

dqg  dwwhq wkh djh0sduwlflsdwlrq sur�oh lq wkh gluhfwlrq revhuyhg

lq wkh gdwd1 Krzhyhu/ wkh pdjqlwxgh ri wkh vlpxodwhg fkdqjhv lv

pxfk vpdoohu wkdq wkdw revhuyhg lq wkh gdwd1 Vhfrqg/ dq lqfuhdvh

lq kxvedqg hduqlqjv xqfhuwdlqw| pljkw h{sodlq dq lqfuhdvh lq sdu0

wlflsdwlrq ri prwkhuv ri |rxqj fkloguhq iru suhfdxwlrqdu| uhdvrqv1

Lq wkh vlpxodwlrqv/ zh revhuyh wkdw lqfuhdvhv lq xqfhuwdlqw| gr lq0

gxfh juhdwhu sduwlflsdwlrq1 Wkhuh lv d uhdoorfdwlrq ri sduwlflsdwlrq

wrzdugv wkh hduo| vwdjhv ri wkh olih0f|foh/ ohdylqj wkh dyhudjh ohyho ri

sduwlflsdwlrq idluo| frqvwdqw1 Wkhuh lv dq lqfuhdvh lq wkh gxudwlrq ri

h{lw ri wkrvh zkr vwloo h{lw/ vlqfh wkhvh duh wkh zrphq zkr uhfhlyh

yhu| orz zdjh vkrfnv wkhpvhoyhv1 Zkloh wklv lv frqfhswxdoo| lqwhu0

hvwlqj/ lw vkrxog eh vwuhvvhg wkdw wkh lqfuhdvh lq kxvedqg xqfhuwdlqw|

qhfhvvdu| wr  dwwhq wkh djh0sduwlflsdwlrq sur�oh lv lpsodxvleoh1

Zh zhuh xqdeoh/ lq dq| ri rxu vlpxodwlrqv zlwk xqfrqvwudlqhg

eruurzlqj dqg vdylqj/ wr fdswxuh vlpxowdqhrxvo| wkh  dwwhqlqj ri

wkh djh0sduwlflsdwlrq sur�oh dqg wkh ghfolqh lq phgldq gxudwlrq ri

h{lwv1 Ihzhu zrphq h{lw diwhu fklogeluwk/ exw wkrvh wkdw gr h{lw/
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lq wkh vlpxodwlrqv/ vshqg orqjhu rxw ri wkh oderxu irufh1 Wklv lv

d frpsrvlwlrq h�hfw= wkrvh wkdw vwloo h{lw pd| kdyh uhgxfhg wkh

gxudwlrq ri wkhlu h{lwv/ exw wkh vdpsoh ri wkrvh rxw ri wkh oderxu

irufh kdv fkdqjhg1 Shukdsv vxusulvlqjo|/ lq rxu vlpxodwlrqv/ wklv

frpsrvlwlrq h�hfw grplqdwhv wkh ehkdylrxudo fkdqjh wkdw lqgxfhv

zrphq wr vshqg vkruwhu wlph rxw ri wkh oderxu irufh1 Ehfdxvh ri

wkh suhydohqfh ri wkh frpsrvlwlrq h�hfw/ krzhyhu/ wkh vlpxodwlrqv

gr qrw djuhh zlwk wkh revhuyhg gdwd1 Krzhyhu/ zkhq zh vlpxodwhg

lqglylgxdov zlwk eruurzlqj frqvwuldqwv/ phgldq gxudwlrq glg qrw

lqfuhdvh dv zh revhuyhg iru xqfrqvwudlqhg lqglylgxdov1 Wklv vxjjhvwv

wkhuh lv d vwurqjhu ehkdylrxudo uhvsrqvh uhgxflqj gxudwlrqv dqg wklv

r�vhwv wkh vhohfwlrq h�hfw1

Zh glvfxvv khuh wzr ixuwkhu srvvleoh h{sodqdwlrqv iru wkh revhuyhg

ghfolqh lq phgldq gxudwlrqv wkdw ghvhuyh ixuwkhu lqyhvwljdwlrq= �uvw/

zh frqvlghu zkhwkhu wkh vwuxfwxuh ri fklog0frvwv pd| kdyh fkdqjhg>

vhfrqg/ zh frqvlghu zkhwkhu wkh ghsuhfldwlrq udwh pd| eh qrq0

frqvwdqw1

Krw} dqg Ploohu +4<;;, hvwlpdwh wkh wlph frvw ri fklog0fduh rq

gdwd iurp wkh 4<:3v dqg zh xvhg wkhlu hvwlpdwhv lq rxu fdoleudwlrq

h{huflvh1 Lq wkh h{shulphqw lq vhfwlrq 8/ zh ydulhg wkh sulfh ri wklv

fklog0fduh kroglqj wkh wlph frvw frqvwdqw1 Wr lqgxfh d uhgxfwlrq

lq phgldq gxudwlrq/ zh pd| fkdqjh wkh vkdsh ri wkh C ixqfwlrq

lq htxdwlrq +7,1 Lq sduwlfxodu/ lw lv srvvleoh wr pdnh wkh ixqfwlrq

pruh frqyh{ e| lqfuhdvlqj sdudphwhu � lq htxdwlrq +6,1 Wklv phdqv

wkdw fklog0fduh frvwv lqlwldoo| idoo pruh txlfno| zlwk wkh djh ri wkh

fklog/ exw wkhq idoo pruh vorzo| wkdq lq wkh edvholqh1 Wdeoh 4: vkrzv

wkdw wklv ohdgv wr dq lqfuhdvh lq ihpdoh sduwlflsdwlrq/ sduwlfxoduo| iru

prwkhuv ri vpdoo fkloguhq dqg wr d uhgxfwlrq lq wkh phgldq gxudwlrq

ri h{lwv/ dv lq wkh gdwd1 Lq wklv fdvh/ zh duh pdnlqj wkh lqwhuwhpsrudo

lqfhqwlyhv wr zrun pruh surqrxqfhg ehfdxvh ri wkh fkdqjh lq fklog0

frvwv zlwk djh ri wkh fklog1 Xqiruwxqdwho|/ zh kdyh qr hylghqfh +rqh

zd| ru dqrwkhu, derxw fkdqjhv lq wkh vkdsh ri wkh C ixqfwlrq1

Plqfhu dqg Roihn +4<;5, glvfxvv wkh srvvlelolw| wkdw wkh ghsuhfld0

wlrq udwh pd| eh qrq0frqvwdqw1 Lq sduwlfxodu/ wkh udwh ri ghsuhfldwlrq
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Wdeoh 4:= Ydu|lqj Vkdsh ri Fklogfduh Frvwv

� Sduw Sduw Nlg Udwlr E2D Phgldq Gxudwlrq
31;< 319; 3177 5136 7

31:; 31:; 31;4 4156 6
31:9 31:< 31;4 4155 5
Wkh froxpq Sduw uhsruwv wkh dyhudjh sduwlflsdwlrq udwhv ri zrphq dfurvv
doo djhv1 Wkh froxpq Sduw Nlg uhsruwv sduwlflsdwlrq udwhv ri prwkhuv lv
iru prwkhuv ri fkloguhq djhg 6 ru |rxqjhu1 Wkh froxpq Udwlr E2D uhsruwv
Sduwlflsdwlrq Ehiruh Fklogeluwk
Sduwlflsdwlrq Diwhu Fklogeluwk 1 Phgldq gxudwlrq lv iru doo zrphq zkr h{lw1

dvvrfldwhg zlwk d orqj vshoo ri qrq0sduwlflsdwlrq pd| eh glvsursru0

wlrqdwho| odujh/ zkhuhdv zrunhuv zkr uhwxuq txlfno| idfh rqo| vpdoo

ghsuhfldwlrq udwhv1 Zkloh Plqfhu dqg Roihn +dqg lq d gl�huhqw frq0

wh{w Mdfrevrq/ OdOrqgh dqg Vxoolydq/ 4<<6, �qg vrph hylghqfh wr

vxssruw wklv vxjjhvwlrq/ lw lv qrw fohdu wkdw wkhuh kdv ehhq dq| fkdqjh

lq wkh zd| wkdw wkh ghsuhfldwlrq udwh lqfuhdvhv zlwk ohqjwk ri h{lw/

dqg lw lv qrw fohdu zkdw wkh qhw lpsdfw zrxog eh rq sduwlflsdwlrq1

Wkh uhvxowv ri wklv sdshu duh yhu| vxjjhvwlyh dqg rshq ixuwkhu

olqhv ri hqtxlu|1 Wzr lpsruwdqw lvvxhv wkdw zh kdyh ljqruhg duh

wkh lqfhqwlyhv wr dffxpxodwh kxpdq fdslwdo dqg wkh srvvlelolw| ri

zrunlqj sduw wlph1 Erwk wkhvh lvvxhv djdlq/ fdq eh yhu| lpsruwdqw

lq wkh hduo| sduw ri wkh olih f|foh/ zkhuh prvw ri wkh dfwlrq kdsshqv

erwk lq wkh gdwd dqg lq rxu vlpxodwlrqv1 Lw zrxog wkhuhiruh eh

zruwkzkloh lqfrusrudwlqj wkhvh lvvxhv lq pruh uhdolvwlf lqfduqdwlrqv

ri wkh prgho1 Ilqdoo|/ dv zh phqwlrqhg lq wkh suhylrxv sdudjudsk/ lw

pljkw eh zruwk h{whqglqj wkh prgho wr frqvlghu ghsuhfldwlrq udwhv

wkdw lqfuhdvh zlwk wkh gxudwlrq ri wkh h{lw rxw ri wkh oderxu pdunhw1

Iurp dq hpslulfdo srlqw ri ylhz/ lw lv lpsruwdqw wr jdwkhu

dgglwlrqdo hylghqfh rq wkh vl}h ri wkh fkdqjhv lq wkh ydulrxv

ghwhuplqdqwv ri ihpdoh oderxu vxsso|/ udqjlqj iurp wkh frvw ri fklog0

fduh/ wr wkh uhwxuq wr h{shulhqfh dqg ghsuhfldwlrq1 Xqiruwxqdwho|/ dv

zh glvfxvvhg/ lw lv gl!fxow wr glvhqwdqjoh wkh ydulrxv h�hfwv hvshfldoo|

iru wkh ghwhuplqdqwv ri zdjhv1 Vhohfwlrq lvvxhv dqg wkh gl!fxow| ri

lvrodwlqj frkruw/ wlph dqg djh h�hfwv pdnh wkh vhsdudwh lghqwl�fdwlrq

ri ghsuhfldwlrq dqg uhwxuqv wr h{shulhqfh sduwlfxoduo| kdug1 Uhodwhg
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wr wklv gl!fxow| duh dovr wkh jhqhudo htxloleulxp h�hfwv zklfk fdxvh

fkdqjhv lq ihpdoh oderxu vxsso| wr kdyh lpsruwdqw h�hfwv rq zdjhv1

Uhihuhqfhv

^4` Dowxj/ V1 dqg Ploohu/ U1D1 +4<<;,/ �Wkh H�hfw ri Zrun H{shul0

hqfh lq Ihpdoh Zdjhv dqg Oderu Vxsso|�/ Uhylhz ri Hfrqrplf

Vwxglhv/ 98+4,= 780;81

^5` Dkq/ Q1 dqg Plud/ S1 +5335, �D Qrwh rq wkh Fkdqjlqj

Uhodwlrqvkls Ehwzhhq Ihuwlolw| dqg Ihpdoh Hpsor|phqw Udwhv

lq Ghyhorshg Frxqwulhv�1 Mrxuqdo ri Srsxodwlrq Hfrqrplfv1

^6` Dwwdqdvlr/ R1S1 dqg J1 Zhehu +4<<8,= �Lv Frqvxpswlrq Jurzwk

Frqvlvwhqw zlwk Lqwhuwhpsrudo Rswlpl}dwlrqB�/ Mrxuqdo ri

Srolwlfdo Hfrqrp|/

^7` Eodx/ G1 +4<<5,1 �Wkh Fklog Fduh Oderu Pdunhw�/ Mrxuqdo ri

Kxpdq Uhvrxufhv/ <06<1

^8` Eurzqlqj/ P1 dqg Phjklu/ F1 +4<<4, �Wkh h�hfwv ri pdoh dqg

ihpdoh oderxu vxsso| rq frpprglw| ghpdqgv� Hfrqrphwulfd/

8<+7,= <580<84

^9` Fdxfxww/ Jxqhu dqg Nqrzohv +5334,/ �Wkh Wlplqj ri Eluwkv= D

Pduuldjh Pdunhw Dqdo|vlv�1 Xqsxeolvkhg pdqxvfulsw1

^:` Frohpdq/ P1 dqg Shqfdyho/ M1 +4<<6, �Wuhqgv lq pdunhw

ehkdylru ri zrphq vlqfh 4<73� Lqgxvwuldo dqg Oderxu Uhodwlrqv

Uhylhz 79= 9860:9

^;` Frqhvd/ M1F1 +4<<<,/ �Hgxfdwlrqdo Dwwdlqphqw dqg Wlplqj ri

Ihuwlolw| Ghflvlrqv�1 Xqsxeolvkhg pdqxvfulsw1

^<` Ghsduwphqw ri Khdowk dqg Kxpdq Vhuylfhv +4<;<, �Ylwdo dqg

Khdowk Vwdwlvwlfv= Wuhqgv dqg yduldwlrqv lq �uvw eluwkv wr roghu

zrphq/ 4<:304<;9� Vhulhv 54/ Qr 7:
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^43` Hfnvwhlq/ ]1 dqg N1 Zroslq +4<;<, �G|qdplf oderu irufh sdu0

wlflsdwlrq ri pduulhg zrphq dqg hqgrjhqrxv zrun h{shulhqfh�

Uhylhz ri Hfrqrplf Vwxglhv 89= 6:806<3

^44` Hurvd/ Ixvwhu dqg Uhvwxffld +5334,/ �D Jhqhudo Htxloleulxp

Dqdo|vlv ri Sduhqwdo Ohdyh Srolflhv�1 Xqsxeolvkhg pdqxvfulsw1

^45` Ihuuhur/ G1 dqg L}d/ D1 +5335,/ �Vnloo suhplxp h�hfwv rq ihuwlolw|

dqg ihpdoh oderxu vxsso|*1 Plphr1

^46` Jroglq/ F1 dqg Ndw}/ O1I1 +5335, �Wkh Srzhu ri wkh Sloo= Rudo

Frqwudfhswlyhv dqg Zrphq*v Fduhhu dqg Pduuldjh Ghflvlrqv�

Mrxuqdo ri Srolwlfdo Hfrqrp| 443+7,= :630::3

^47` Juhhqzrrg/ M1 dqg Vhvkdgul/ D1 +5335,/ �Whfkqrorjlfdo Surjuhvv

dqg Hfrqrplf Wudqvirupdwlrq/� Hfrqrplh gdydqw jdugh/ Uh0

vhdufk Uhsruw Qr1 6/ Xqlyhuvlw| ri Urfkhvwhu1

^48` Krw}/ Y1M1 dqg U1D1 Ploohu +4<;;, �Dq hpslulfdo dqdo|vlv ri

olih0f|foh ihuwlolw| dqg ihpdoh oderu vxsso|� Hfrqrphwulfd 89+4,=

<4044;

^49` Krxvhkrog Hfrqrplf Vwxglhv +5334, �Pdwhuqlw| Ohdyh dqg

Hpsor|phqw Sdwwhuqv= 4<9404<<8� S:30:<1 XV Fhqvxv Exuhdx1

^4:` Mdfrevrq/ OdOrqgh dqg Vxoolydq +4<<6,/ �Hduqlqjv Orvvhv ri

Glvsodfhg Zrunhuv�/ Dphulfdq Hfrqrp| Uhylhz ;61

^4;` Mrqhv/ O1 / Pdqxhool/ U1 dqg PfJudwwdq/ H1 +5336, �Zk| duh

pduulhg zrphq zrunlqj vr pxfkB�1 Ihghudo Uhvhuyh Edqn ri

Plqqhdsrolv1

^4<` Mrqhv/ O1/ Nkdq/ D1 dqg Wkrpdv/ M1 +5336, �Sduhqwdo Vxssruw

dqg Pduulhg Ihpdoh Oderu Vxsso|�1 Plphr1

^53` Nhdqh/ P1S1 dqg N1 Zroslq +4<<:, �Wkh fduhhu ghflvlrqv ri

|rxqj phq� Mrxuqdo ri Srolwlfdo Hfrqrp| 438+6,= 7:60855

^54` ydq ghu Noddxz/ Z1 +4<<9, �Ihpdoh oderxu vxsso| dqg pdulwdo

vwdwxv ghflvlrqv= d olih0f|foh prgho� Uhylhz ri Hfrqrplf Vwxglhv

96+5,= 4<<0568
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^55` Omxqjtylvw/ O1 dqg Vdujhqw/ W1 +4<<;,/ �Wkh Hxurshdq Xqhp0

sor|phqw Glohppd�/ Mrxuqdo ri Srolwlfdo Hfrqrp| 439 +6,1

^56` Plqfhu/ M1 dqg V1 Srodfkhn +4<:7, �Idplo| lqyhvwphqw lq kxpdq

fdslwdo= hduqlqjv ri zrphq� Mrxuqdo ri Srolwlfdo Hfrqrp| ;5+5,=

:9043;

^57` Plqfhu/ M1 dqg K1 Roihn +4<;5,=�Lqwhuuxswhg Zrun Fduhhuv=

Ghsuhfldwlrq dqg Uhvwrudwlrq ri Kxpdq Fdslwdo�/ Mrxuqdo ri

Kxpdq Uhvrxufhv/ 4:/ 60571

^58` Rolyhwwl/ F1 +5333,/ �Phdvxulqj Fkdqjhv lq Uhwxuqv wr H{sh0

ulhqfh= Ohduqlqj0e|0grlqj dqg Jhqghu Gl�huhqwldov�1 Xqsxe0

olvkhg pdqxvfulsw/ Ervwrq Xqlyhuvlw|

^59` Rolyhwwl/ F1 +5334,/ �Fkdqjhv lq Zrphq*v Krxuv ri Pdunhw

Zrun= Wkh H�hfw ri Fkdqjlqj Uhwxuqv wr H{shulhqfh�1 Xq0

sxeolvkhg pdqxvfulsw/ Ervwrq Xqlyhuvlw|

^5:` Shqfdyho/ M1 +4<<;, �Wkh Pdunhw Zrun Ehkdylru dqg Zdjhv ri

Zrphq= 4<:80<71� Mrxuqdo ri Kxpdq Uhvrxufhv 66+7,=::40;371

^5;` Väqfkh}0Pdufrv/ Y1 +5335, �Zrphq*v Hpsor|phqw dqg Ihuwlolw|

lq Vsdlq ryhu wkh odvw wzhqw| |hduv�1 Plphr1

^5<` Vplwk/ N1/ E1 Grzqv dqg P1 R*Frqqhoo +5334, �Pdwhuqlw|

ohdyh dqg hpsor|phqw sdwwhuqv= 4<9404<<8� Fxuuhqw Srsxodwlrq

Uhsruwv/ S:30:</ X1V1 Fhqvxv Exuhdx/ Zdvklqjwrq/ G1F1
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: Dsshqgl{

:14 Vroxwlrq Phwkrg1

Krxvhkrogv kdyh d �qlwh krul}rq dqg vr wkh prgho lv vroyhg

qxphulfdoo| e| edfnzdug uhfxuvlrq iurp wkh whuplqdo shulrg1 Dw

hdfk djh zh vroyh wkh ydoxh ixqfwlrq dqg rswlpdo srolf| uxoh/ jlyhq

wkh fxuuhqw vwdwh yduldeohv dqg wkh vroxwlrq wr wkh ydoxh ixqfwlrq lq

wkh qh{w shulrg1 Wklv dssurdfk lv vwdqgdug1 Wkh frpsolfdwlrq lq rxu

prgho dulvhv iurp wkh frpelqdwlrq ri d glvfuhwh fkrlfh +wr sduwlflsdwh

ru qrw, dqg d frqwlqxrxv fkrlfh +ryhu vdylqj,1 Wklv frpelqdwlrq

phdqv wkdw wkh ydoxh ixqfwlrq zloo qrw qhfhvvdulo| eh frqfdyh1 Zh

eulh | ghvfuleh lq wklv dsshqgl{ krz zh ghdo zlwk wklv srwhqwldo

qrq0frqfdylw|1

Lq dgglwlrq wr djh/ wkhuh duh irxu vwdwh yduldeohv lq wklv sureohp=

wkh dvvhw vwrfn/ wkh shupdqhqw frpsrqhqw ri hduqlqjv ri wkh

kxvedqg/ Dpw / wkh shupdqhqw frpsrqhqw ri hduqlqjv ri wkh zlih/

Dw/dqg wkh h{shulhqfh ohyho ri wkh zlih1 Zh glvfuhwlvh erwk hduqlqjv

yduldeohv dqg wkh h{shulhqfh ohyho/ ohdylqj wkh dvvhw vwrfn dv wkh

rqo| frqwlqxrxv vwdwh yduldeoh1 Vlqfh erwk shupdqhqw frpsrqhqwv

ri hduqlqjv duh qrq0vwdwlrqdu|/ zh duh deoh wr dssur{lpdwh wklv e| d

vwdwlrqdu|/ glvfuhwh surfhvv rqo| ehfdxvh ri wkh �qlwh krul}rq ri wkh

surfhvv1 Zh vhohfw wkh qrghv wr pdwfk wkh sdwkv ri wkh phdq vkrfn

dqg wkh xqfrqglwlrqdo yduldqfh ryhu wkh olih0f|foh1 Lq sduwlfxodu/ wkh

xqfrqglwlrqdo yduldqfh ri wkh shupdqhqw frpsrqhqw pxvw lqfuhdvh

olqhduo| zlwk djh/ zlwk wkh vorsh jlyhq e| wkh frqglwlrqdo yduldqfh

ri wkh shupdqhqw vkrfn1

Ydoxh ixqfwlrqv duh lqfuhdvlqj lq dvvhwv �w exw wkh| duh qrw

qhfhvvdulo| frqfdyh/ hyhq li zh frqglwlrq rq oderxu pdunhw vwdwxv

lq |� Wkh qrq0frqfdylw| dulvhv ehfdxvh ri fkdqjhv lq oderu pdunhw

vwdwxv lq ixwxuh shulrgv= wkh vorsh ri wkh ydoxh ixqfwlrq lv jlyhq e|

wkh pdujlqdo xwlolw| ri frqvxpswlrq/ exw wklv lv qrw prqrwrqlf lq

wkh dvvhw vwrfn ehfdxvh frqvxpswlrq fdq ghfolqh dv dvvhwv lqfuhdvh

dqg h{shfwhg oderxu pdunhw vwdwxv lq ixwxuh shulrgv fkdqjhv1 E|

frqwudvw/ lq Gdqiruwk +4<:<, hpsor|phqw lv dq dervuelqj vwdwh dqg
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vr wkh frqglwlrqdo ydoxh ixqfwlrq zloo eh frqfdyh1 Xqghu fhuwdlqw|/

wkh qxpehu ri nlqnv lq wkh frqglwlrqdo ydoxh ixqfwlrq lv jlyhq e| wkh

qxpehu ri shulrgv ri olih uhpdlqlqj1 Li wkhuh lv hqrxjk xqfhuwdlqw|/

wkhq fkdqjhv lq zrun vwdwxv lq wkh ixwxuh zloo eh vprrwkhg rxw

ohdylqj wkh h{shfwhg ydoxh ixqfwlrq frqfdyh= zkhwkhu ru qrw dq

lqglylgxdo zloo zrun lq |n� dw d jlyhq �w ghshqgv rq wkh uhdolvdwlrq

ri vkrfnv lq | n �1 Xvlqj xqfhuwdlqw| wr dyrlg qrq0frqfdylwlhv lv

dqdorjrxv wr wkh xvh ri orwwhulhv hovhzkhuh lq wkh olwhudwxuh1

Wkh fkrlfh ri sduwlflsdwlrq vwdwxv lq | lv ghwhuplqhg e| wkh

pd{lpxp ri wkh frqglwlrqdo ydoxh ixqfwlrqv lq |� Lq rxu vroxwlrq/

zh lpsrvh dqg fkhfn uhvwulfwlrqv rq wklv sduwlflsdwlrq fkrlfh1 Lq

sduwlfxodu/ zh xvh wkh uhvwulfwlrq wkdw wkh sduwlflsdwlrq ghflvlrq

vzlwfkhv rqo| rqfh dv dvvhwv lqfuhdvh/ frqglwlrqdo rq shupdqhqw

hduqlqjv dqg h{shulhqfh1 Zkhq wklv uhvwulfwlrq krogv/ lw doorzv xv wr

lqwhusrodwh ehkdylrxu dfurvv wkh dvvhw julg zlwkrxw orvlqj rxu delolw|

wr ghwhuplqh sduwlflsdwlrq vwdwxv1 Zh wkhuhiruh gh�qh d uhvhuydwlrq

dvvhw vwrfn/ -w wr vhsdudwh wkh ydoxh ixqfwlrq dqg wkh fkrlfh ri

frqvxpswlrq pdgh zkhq sduwlflsdwlqj iurp wkh ydoxh ixqfwlrq dqg

fkrlfh ri frqvxpswlrq pdgh zkhq qrw sduwlflsdwlqj1

Vroylqj iru wkh uhvhuydwlrq dvvhw vwrfn vhuyhv wzr sxusrvhv= rqh/

lw pdnhv lw hdvlhu lq wkh vroxwlrq wr doorz iru wkh �{hg frvw lq

wkh exgjhw frqvwudlqw +udwkhu wkdq kdylqj dq xqfrqglwlrqdo srolf|

ixqfwlrq zlwk d glvfrqwlqxlw|,> wzr/ lw surylghv dq dgglwlrqdo fkhfn

rq rxu qxphulfdo vroxwlrq= wkh uhvhuydwlrq dvvhw vwrfn vkrxog eh

lqfuhdvlqj lq wkh zdjh udwh1 D vx!flhqw frqglwlrq iru wklv wr eh

xqltxh lv wkdw wkh frqglwlrqdo ydoxh ixqfwlrqv eh frqfdyh1 Wklv lv qrw

wuxh lq jhqhudo/ dv glvfxvvhg deryh/ exw xqltxhqhvv fdq eh dfklhyhg

e| kdylqj hqrxjk xqfhuwdlqw| wr pdnh wkh frqglwlrqdo h{shfwhg ydoxh

ixqfwlrq frqfdyh1 Hyhq zkhq wkh frqglwlrqdo ydoxh ixqfwlrqv duh

qrw frqfdyh/ krzhyhu/ zh fdq kdyh d xqltxh uhvhuydwlrq dvvhw vwrfn/

sduwlfxoduo| li lqglylgxdov duh lpsdwlhqw hqrxjk= lpsdwlhqfh phdqv

wkdw lqglylgxdov suhihu shulrgv ri qrq0sduwlflsdwlrq wr eh hduolhu lq

wkh olih0f|foh dqg vr dyrlgv wkh lqgl�huhqfh derxw wkh wlplqj ri ohlvxuh

zklfk jhqhudwhv wkh qrq0xqltxhqhvv1
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Lq vroylqj wkh pd{lplvdwlrq sureohp dw d jlyhq srlqw lq wkh vwdwh

vsdfh/ zh xvh d vlpsoh jroghq vhdufk phwkrg1 Zh vroyh wkh prgho

dqg gr wkh fdoleudwlrq dvvxplqj wklv surfhvv lv dssursuldwh dqg

dvvxplqj wkhuh lv d xqltxh uhvhudwlrq dvvhw vwrfn iru hdfk srlqw lq

wkh vwdwh vsdfh1 Zh wkhq fkhfn wkdw wkh uhvxowv lq rxu edvholqh fdvh

duh xqd�hfwhg zkhq zh xvh d joredo rswlplvlqj urxwlqh/ vlpxodwhg

dqqhdolqj/ dqg zh gr qrw dvvxph d xqltxh uhvhuydwlrq dvvhw vwrfn1

Lw lv zruwk vwuhvvlqj wkdw wkhuh duh sdudphwhu ydoxhv iru zklfk wkh

whfkqltxhv zh xvhg gr qrw zrun1 Lq sduwlfxodu/ wkh dvvxpswlrq ri

d xqltxh uhvhuydwlrq dvvhw vwrfn idlov dv wkh yduldqfh ri vkrfnv jhwv

vx!flhqwo| orz dqg li krxvhkrogv kdyh glvfrxqw udwhv yhu| forvh wr

wkh lqwhuhvw udwh1

:15 Oderxu vxsso| dqg zdjhv e| hgxfdwlrq

Lq wklv dsshqgl{/ zh orrn dw hpsor|phqw udwhv dqg zdjhv e|

hgxfdwlrq wr uhlqirufh wkh �qglqjv lq vhfwlrq 51 Zh glylgh pduulhg

zrphq lqwr wzr jurxsv/ wkrvh zlwk pruh wkdq kljk vfkrro hgxfdwlrq

dqg wkrvh zkr duh dw prvw kljk vfkrro judgxdwhv1 Iljxuhv 56 dqg 57

vkrz hpsor|phqw dqg ixoo0wlph hpsor|phqw udwhv iru zrphq zlwk

orz hgxfdwlrq1 Iljxuhv 58 dqg 59 vkrz wkh udwhv iru zrphq zlwk kljk

hgxfdwlrq1 Zh revhuyh wkdw wkh lqfuhdvh ri zrphq*v hpsor|phqw dqg

ixoo wlph hpsor|phqw udwhv lv lpsruwdqw iru erwk hgxfdwlrqdo jurxsv

dqg lq erwk fdvhv wkh prvw vljql�fdqw fkdqjh lv wkh  dwwhqlqj ri wkh

djh 0 sduwlflsdwlrq sur�oh ehwzhhq djhv 58 dqg 681

Iljxuhv 5; dqg 5: uhsruwv phgldq krxuo| zdjhv iru wkh wzr

hgxfdwlrq jurxsv zh kdyh frqvlghuhg deryh1

Wr frpsohphqw wkh hylghqfh rq h{lwv/ gxudwlrqv dqg ghsuhfldwlrq

lq vhfwlrq 5/ zh suhvhqw uhvxowv rq hdfk vwdwlvwlf zlwklq hgxfdwlrq

jurxsv1 Lq Wdeohv 4; dqg 4</ zh uhsruw wkh iudfwlrq ri wkrvh zrunlqj

zkr h{lw dw hdfk djh dqg wkh fruuhvsrqglqj gxudwlrqv iru wkh kljk

dqg orz hgxfdwhg1 Ihzhu zrphq h{lw dw hdfk djh lq frkruw 6 wkdq

lq frkruw 5 iru erwk hgxfdwlrq jurxsv/ dqg phgldq gxudwlrqv ri h{lw

duh vkruwhu1
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Wdeoh 4;= H{lwv dqg Gxudwlrqv iru wkh Orz hgxfdwhg

Frkruw 5 Frkruw 6
Djh Iudfwlrq Gxudwlrq Iudfwlrq Gxudwlrq

ri zrunhuv Doo Uhhqwhulqj ri zrunhuv Doo Uhhqwhulqj
wkdw h{lw Phgldq Phdq Phgldq wkdw h{lw Phgldq Phdq Phgldq

59 3165 6 613 5 314; 4 519 4
5: 314; 6 615 5 3149 5 41< 4
5; 3148 6 718 5 313: 4 413 4
5< 3148 9 61; 4 3139 8 518 4
63 314; 43 616 5 314< 66 419 5
64 314: : 615 5 3145 5 41< 5
65 3148 5 419 5 3145 64 61; 7
Doo 6 615 5 5 5 15 4

Wdeoh 4<= H{lwv dqg Gxudwlrqv iru wkh Kljk Hgxfdwhg

Frkruw 5 Frkruw 6
Djh Iudfw Gxudwlrq Iudfw Gxudwlrq

Doo Uhhqwhulqj Doo Uhhqwhulqj
Phgldq Phdq Phgldq Phgldq Phdq Phgldq

59 31 55 6 51; 5 3148 5 516 4
5: 3147 7 51; 5 313< 4 41; 4
5; 3147 : 813 : 313: 8 71< 6
5< 3149 6 413 5 3145 5 41; 4
63 3153 6 617 6 3143 5 41: 5
64 3144 7 618 5 313; 4 614 4
65 3149 8 618 7 313; 7 418 4
Doo 7 619 5 5 516 4

9:



Wdeoh 53= Zdjh Ghsuhfldwlrq/ Orz Hgxfdwhg

Frkruw 5 Frkruw 6
Djh Z Ehi Z Di Phgldq r Rev Z Ehi Z Di Phgldq r Rev

59 914 81; 03139 59 71: 817 0313< 46
5: 918 71; 0313; 49 716 617 3145 4<
5; :18 819 3136 ; :16 917 315: 6
5< 816 71: 313< : ;13 91; 3157 7
63 717 719 0316: < :14 618 314< 6
64 :15 91: 0314; 8 714 419 3149 8
65 815 913 0313; 8 718 71: 3133 7
Doo 715 715 03137 :7 719 717 313< 85

Wdeoh 54= Zdjh Ghsuhfldwlrq/ kljk hgxfdwhg

Frkruw 5 Frkruw 6
Djh Z Ehi Z Di Phgldq Rev Z Ehi Z Di Phgldq Rev

59 914 81; 3137 4; 71: 817 03145 43
5: 918 71; 3158 ; 716 617 315; 44
5; :18 819 3138 ; :16 917 314< 9
5< 816 71: 3138 < ;13 91; 3139 44
63 717 719 3133 < :14 618 3169 <
64 :15 91: 3136 7 714 419 0314< 9
65 815 913 03138 : 718 71: 0317< :
Doo :18 913 3138 95 91; 817 3144 8:

9;



Wdeoh 55= Qxpehu ri revhuydwlrqv dw hdfk djh e| Frkruw

Frkruw 4 Frkruw 5 Frkruw 6

Djh Rev
68 645
69 636
6: 5<3
6; 5:;
6< 5:;
73 5:8
74 5:5
75 595
76 589
77 579
78 569
79 566
7: 565
7; 558
7< 547
83 53<
84 534
85 4<4
86 4;7
87 4:8
88 49:
89 49:
8: 485
8; 47<
8< 485
93 438

Djh Rev
58 6;6
59 6;:
5: 6;7
5; 693
5< 696
63 693
64 693
65 677
66 666
67 656
68 63<
69 5<<
6: 5<<
6; 5<8
6< 5<7
73 5;<
74 5;8
75 5;7
76 57:
77 59;
78 594
79 588
7: 575
7; 556
7< 569
83 4:3

Djh Rev
58 6;8
59 6;9
5: 73<
5; 74;
5< 74:
63 747
64 737
65 734
66 6<8
67 6;7
68 6;6
69 6;<
6: 69:
6; 68;
6< 6;9
73 5:9

9<


