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Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Ddukxv/ Ghqpdun

Fhqwuh iru Uhvhdufk lq Vrfldo Lqwhjudwlrq dqg Pdujlqdol}dwlrq

Qryhpehu 53/ 5334



Devwudfw

Wklv sdshu frqvlghuv r�0idup oderxu dfwlylwlhv e| djulfxowxudo krxvhkrogv lq
Qlfdudjxd1 Lw frpsduhv wkh uroh ri= l, frpsdudwlyh dgydqwdjhv ri krxvhkrogv
dqg lqglylgxdov> dqg ll, djulfxowxudo frqglwlrqv dqg pdunhw lpshuihfwlrqv/ lq
vkdslqj r�0idup oderxu vxsso|1 Dq hfrqrphwulf vshfl�fdwlrq lv ghyhorshg
zklfk doorzv iru udqgrp krxvhkrog0vshfl�f h�hfwv dqg hdv| hvwlpdwlrq1 Uh0
vxowv uhyhdo wkdw qrq0djulfxowxudo r�0idup zrun lv odujho| ghwhuplqhg e| frp0
sdudwlyh dgydqwdjhv/ zkhuhdv djulfxowxudo r�0idup zrun lv xvhg h{whqvlyho|
wr ghdo zlwk d qxpehu ri djulfxowxudo frqglwlrqv dqg pdunhw lpshuihfwlrqv1

Nh|zrugv= R�0idup oderxu vxsso|/ krxvhkrog ehkdylrxu/ krxvhkrog0
vshfl�f h�hfwv1

MHO= R4/ G4/ M55/ M76/ Q69/ T451

Dfnqrzohgjhphqwv= Zh zlvk wr wkdqn Ohrqdugr Fruudo/ Ryh Idxue|/
Jhudog Iulhgpdq/ Udvpxv Khowehuj/ Vyhqg K|oohehuj/ Khohqd Vn|w Qlhovhq/
Wkrpdv Uhdugrq/ Oxlv Urguðjxh}/ Shwhu Vnrww/ Mrv Ydhvvhq/ dqg vhplqdu
sduwlflsdqwv dw wkh Xqlyhuvlw| ri Ddukxv/ wkh Xqlyhuvlw| ri Frshqkdjhq/ dqg
wkh Xqlyhuvlw| ri Pdvvdfkxvhwwv iru xvhixo vxjjhvwlrqv dqg frqvwuxfwlyh frp0
phqwv1 Zh dovr wkdqn Mhqv Nurjvwuxs dqg Dqghuv Oxqgh iru h{fhoohqw uh0
vhdufk dvvlvwdqfh1 Ilqdqfldo vxssruw iurp wkh Gdqlvk Frxqflo iru Ghyhors0
phqw Uhvhdufk +Pdofkrz0Pûoohu, dqg wkh Gdqlvk Vrfldo Vflhqfh Uhvhdufk
Frxqflo +Vyduhu, lv judwhixoo| dfnqrzohgjhg1 Ilqdoo|/ zh zlvk wr wkdqn wkh
OVPV r!fh dw wkh Zruog Edqn dqg wkh Lqvwlwxwr Qdflrqdo gh Hvwdgðvwlfdv |
Fhqvrv +LQHF, lq Pdqdjxd iru surylglqj wkh gdwd1
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4 Lqwurgxfwlrq

Uhfhqw hpslulfdo hylghqfh kdv hpskdvlvhg wkh lpsruwdqfh ri r�0idup +dqg
qrq0idup4, lqfrph wr djulfxowxudo krxvhkrogv lq ohvv ghyhorshg frxqwulhv/ vhh
h1j1 Uhdugrq/ Ehughjxì/ dqg Hvfredu +5334, iru wkh fdvh ri Odwlq Dphu0
lfd/ Uhdugrq +4<<:, iru Diulfd/ dqg Uhdugrq/ Vwdprxolv/ Edolvdfdq/ Fux}/
Ehughjxì/ dqg Edqnv +4<<;, iru d uhylhz ri joredo hylghqfh1

Wkhuh h{lvw gl�huhqw wkhrulhv ri wkh ghwhuplqdqwv xqghuo|lqj oderxu df0
wlylwlhv e| djulfxowxudo krxvhkrogv1 Wkh ehqfkpdun vwru| ri Ehfnhu +4<98,
lv wkdw oderxu dfwlylwlhv duh ghwhuplqhg e| wkh uhodwlyh frpsdudwlyh dgydq0
wdjhv ri krxvhkrogv dqg lqglylgxdov1 Lq rwkhu zrugv/ wkh wlph ri d krxvhkrog
phpehu lv doorfdwhg wr qrq0djulfxowxudo zdjh zrun li wkh lqglylgxdo kdv d
frpsdudwlyh dgydqwdjhv lq wklv dfwlylw|1 Dowhuqdwlyh dqg pruh uhfhqw wkh0
rulhv vxjjhvw wkdw wkh sduwlflsdwlrq e| djulfxowxudo krxvhkrogv lq r�0idup
dfwlylwlhv lv dovr lq xhqfhg e| djulfxowxudo frqglwlrqv vxfk dv lpshuihfwlrqv
lq idfwru lqsxw pdunhwv/ fuhglw pdunhwv/ dqg lqvxudqfh pdunhwv/ vhh h1j1 Uhdu0
grq/ Vwdprxolv/ Edolvdfdq/ Fux}/ Ehughjxì/ dqg Edqnv +4<<;,1 Djulfxowxudo
krxvhkrogv qrw rqo| sduwlflsdwh lq r�0idup zrun ehfdxvh lw lv pruh sur�wdeoh/
exw dovr ehfdxvh wkhlu djulfxowxudo surgxfwlrq srvvlelolwlhv duh lq xhqfhg e|
pdunhw idloxuhv dqg ulvn1

Vr idu/ vxusulvlqjo| olwwoh irupdo hylghqfh ri wkh uroh ri djulfxowxudo idf0
wruv kdv ehhq eurxjkw iruzdug1 Wkh sxusrvh ri wkh suhvhqw sdshu lv wkxv
wr frpsduh wkh deryh wkhrulhv dqg wkhlu h{sodqdwru| srzhu lq wkh fdvh ri
Qlfdudjxd1 Wkh dssurdfk wdnhq lv edvhg rq d vwdqgdug djulfxowxudo krxvhkrog
prgho/ zklfk h{sodlqv oderxu vxsso| dv d uhvxow ri frpsdudwlyh dgydqwdjhv1
Wklv prgho lv wkhq h{whqghg wr lqfrusrudwh wkh h�hfwv ri ydulrxv djulfxowxudo
frqglwlrqv1

H{lvwlqj hfrqrphwulf vwxglhv ri r�0idup oderxu vxsso| kdyh w|slfdoo| ir0
fxvhg rq vhwwlqjv zkhuh wkh krxvhkrog frqvlvwv ri rqo| wzr zrunlqj dgxowv/
vhh h1j1 Vxpqhu +4<;5,/ Kx�pdq dqg Odqjh +4<;<,/ Nlpkl dqg Ohh +4<<9,/
dqg Plvkud dqg Jrrgzlq +4<<:,1 Lq wkh fdvh ri Qlfdudjxd � dv zhoo dv
lq rwkhu ohvv ghyhorshg frxqwulhv � wklv lv qrw dq dssursuldwh vhw0xs1 Prvw
idup krxvhkrogv frqwdlq pruh wkdq wzr zrunlqj phpehuv/ dqg wklv h{whqghg
idplo| vwuxfwxuh vxevwdqwldoo| lqfuhdvhv wkh frpsoh{lw| ri wkh dqdo|vlv1 Wkh
lqglylgxdo fkrlfh qrz ghshqgv rq wkh fkdudfwhulvwlfv ri wkh hqwluh krxvhkrog/
lqvwhdg ri mxvw rzq dqg vsrxvh fkdudfwhulvwlfv1 Lq wkh suhvhqw gdwd vhw/ wklv
phdqv xs wr 49 shuvrqv1

Suhylrxvo|/ rqo| wzr dwwhpswv kdyh ehhq pdgh wr dssursuldwho| dgguhvv

4Wkh whup �qrq0idup� uhihuv wr qrq0djulfxowxudo dfwlylwlhv/ hlwkhu dv vhoi0hpsor|hg ru

dv d zdjh oderxuhu/ zkhuhdv �r�0idup� fryhuv doo zdjh0oderxu dfwlylwlhv1
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wkh r�0idup oderxu0vxsso| txhvwlrq lq h{whqghg krxvhkrogv1 Idifkdpsv dqg
Txlvxpelqj +5333, dfnqrzohgjh wkdw uhgxfhg0irup lqglylgxdo oderxu0vxsso|
ixqfwlrqv zloo lq sulqflsoh ghshqg rq lqglylgxdo fkdudfwhulvwlfv ri doo krxvh0
krog phpehuv/ zklfk lqydolgdwhv wkh xvh ri wkh vdph ixqfwlrqdo irupv dfurvv
krxvhkrogv ri gl�huhqw vl}h +dqg frpsrvlwlrq,1 Wkh| wu| wr frpshqvdwh iru
wklv e| lqfoxglqj d udqjh ri krxvhkrog vxppdu| vwdwlvwlfv lq wkh oderxu0
vxsso| ixqfwlrqv1 Xqiruwxqdwho|/ wkh| gr qrw doorz iru fruuhodwlrq ri huuru
whupv dfurvv lqglylgxdov iurp wkh vdph krxvhkrog1 Qhzpdq dqg Jhuwohu
+4<<7,/ rq wkh rwkhu kdqg/ hvwlpdwh d vwuxfwxudo prgho lq wkh fdvh ri Shux1
Wkh| glylgh lqglylgxdov lqwr irxu djh0vh{ fdwhjrulhv dqg hvwlpdwh lqglylgxdo
pdujlqdo0uhwxuq ixqfwlrqv iru hdfk ri wkhvh fdwhjrulhv1 Krzhyhu/ wr pdnh wkh
prgho frpsxwdwlrqdoo| wudfwdeoh/ lw lv dvvxphg wkdw wkh huuru whupv hqwhulqj
wkh pdujlqdo0uhwxuq ixqfwlrqv duh lqghshqghqw dfurvv idplo| phpehuv1

Wkh dssurdfk wdnhq lq wkh suhvhqw sdshu exlogv rq wkh rqh lq Idifkdpsv
dqg Txlvxpelqj +5333, e| irfxvlqj rq uhgxfhg irup oderxu vxsso| ixqfwlrqv
zkloh frqwuroolqj h{whqvlyho| iru fkdudfwhulvwlfv ri rwkhu krxvhkrog phpehuv1
Wkh sureohp ri lqghshqghqw huuru whupv lv wdfnohg e| lqwurgxflqj krxvhkrog0
vshfl�f udqgrp h�hfwv lqwr wkh hfrqrphwulf vshfl�fdwlrq ri wkh oderxu0vxsso|
ixqfwlrqv1

Revhuydwlrqv rq wlph vshqw lq gl�huhqw dfwlylwlhv duh riwhq devhqw ru dw
ohdvw phdvxuhg zlwk frqvlghudeoh qrlvh lq krxvhkrog vxuyh|v lq ohvv ghyhorshg
frxqwulhv1 Iru wklv uhdvrq/ wkh hvwlpdwlrq ri wkh prgho lq wklv sdshu lv edvhg
rq vlpsoh fdwhjrulfdo yduldeohv zklfk lqglfdwh sulpdu| oderxu dfwlylw| rxw ri
d qxpehu ri gl�huhqw dfwlylwlhv1 Wkh dvvrfldwhg olnholkrrg ixqfwlrq lv ghulyhg
gluhfwo| iurp wkh uhgxfhg0irup oderxu0vxsso| ixqfwlrqv/ dqg lw lv vkrzq wkdw
lw lv htxlydohqw wr wkh olnholkrrg ixqfwlrq ri d vwdqgdug pxowlqrpldo orjlw
prgho1 Khqfh/ hvwlpdwlrq fdq surfhhg dv lq wkh vwdqgdug fdvh1 Wkh dgydq0
wdjh ri wklv dowhuqdwlyh ghulydwlrq lv wkdw wkh hvwlpdwhg frh!flhqwv fdq qrz
eh lqwhusuhwhg gluhfwo| lq whupv ri wkh xqghuo|lqj oderxu0vxsso| ixqfwlrqv
dqg qrw mxvw lq whupv ri wkhlu vwdqgdug h�hfwv rq uhjlph suredelolwlhv1 Wklv
doorzv iru gluhfw whvwlqj ri wkh hpslulfdo k|srwkhvhv ri wkh sdshu1

Pd{lplvlqj wkh olnholkrrg ixqfwlrq ri d pxowlqrpldo prgho zlwk udqgrp
h�hfwv kdv suhylrxvo| ehhq fxpehuvrph gxh wr wkh idfw wkdw qr vwdwlvwlfdo
sdfndjh doorzv iru dq hdv| lpsohphqwdwlrq1 Lq wklv sdshu/ d uhfhqwo| gh0
yhorshg lghd e| Fkhq dqg Nxr +5334, lv xvhg wr vkrz wkdw wkh olnholkrrg
ixqfwlrq ri d pxowlqrpldo orjlw prgho lv htxlydohqw wr wkdw ri d Srlvvrq qrq0
olqhdu prgho/ zklfk lv hdvlo| hvwlpdwhg lq VDV1

Wkh gdwd xvhg frph iurp wkh 4<<; Olylqj Vwdqgdugv Phdvxuhphqw Vxuyh|
lq Qlfdudjxd1 Wkh uhvxowv uhyhdo d sdwwhuq zkhuh qrq0djulfxowxudo r�0idup
zrun lv odujho| ghwhuplqhg e| frpsdudwlyh dgydqwdjhv/ zkhuhdv djulfxowxudo
r�0idup zrun lv xvhg h{whqvlyho| wr ghdo zlwk d qxpehu ri djulfxowxudo frq0
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glwlrqv1 Pruh vshfl�fdoo|/ lw lv irxqg wkdw xqfhuwdlq odqg uljkwv/ surgxfwlrq
ulvn/ lpshuihfw frpprglw| pdunhwv/ djulfxowxudo vhdvrqv/ dqg lpshuihfw lqsxw
pdunhwv duh doo lpsruwdqw ghwhuplqdqwv ri djulfxowxudo zdjh zrun1

Wkh uhvw ri wkh sdshu lv vwuxfwxuhg dv iroorzv= Vhfwlrq 5 suhvhqwv wkh wkh0
ruhwlfdo iudphzrun1 Oderxu0vxsso| ixqfwlrqv duh ghulyhg iurp d krxvhkrog
prgho/ dqg lw lv glvfxvvhg krz ydulrxv djulfxowxudo frqglwlrqv zloo prgli|
hvshfldoo| r�0idup oderxu vxsso|1 Vhfwlrq 6 ghulyhv wkh hfrqrphwulf prgho
iurp wkh wkhruhwlfdo prgho lq Vhfwlrq 51 Vhfwlrq 7 suhvhqwv wkh gdwd dqg
glvfxvvhv wkh yduldeohv xvhg lq dqdo|vlqj wkh k|srwkhvhv ri Vhfwlrq 51 Uh0
vxowv ri wkh hvwlpdwlrqv duh surylghg dqg lqwhusuhwhg lq Vhfwlrq 81 Vhfwlrq 9
frqfoxghv1

5 Wkh Wkhruhwlfdo Iudphzrun

Wkh wkhruhwlfdo iudphzrun exlogv rq wkh vwdqgdug djulfxowxudo krxvhkrog
prgho irxqg lq wkh wh{werrnv ri h1j1 gh Mdqyu| dqg Vdgrxohw +4<<8, dqg
Edugkdq dqg Xgu| +4<<<,1 Lq wklv prgho/ wkh krxvhkrog lv dvvxphg wr eh
d xqlwdu| ghflvlrq pdnhu15 Lw uhfhlyhv lqfrph iurp wkuhh vrxufhv= Idup
surgxfwlrq/ krxvhkrog0hqwhusulvh surgxfwlrq/ dqg r�0idup zdjh zrun1 Lw
doorfdwhv wkh wlph ri lwv phpehuv wr wkhvh dfwlylwlhv lq rughu wr pd{lplvh
krxvhkrog xwlolw| zklfk ghshqgv rq krxvhkrog frqvxpswlrq dqg ohlvxuh e|
wkh lqglylgxdo phpehuv1 Pruh irupdoo|/ d krxvhkrog frqvlvwlqj ri A phpehuv
lv dvvxphg wr xqghuwdnh wkh iroorzlqj rswlplvdwlrq=
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zkhuh � lv krxvhkrog frqvxpswlrq/ dqg u�| / u
s
| c u

e
| c dqg u�| duh ohlvxuh +ru

krph wlph,/ idup wlph/ hqwhusulvh wlph/ dqg r�0idup wlph/ uhvshfwlyho|/ e|

5Froohfwlyh dqg edujdlqlqj prghov zkhuh krxvhkrogv duh qrw uhtxluhg wr pdnh xqlwdu|

ghflvlrqv duh ghvfulehg e| h1j1 Fkldssrul +4<<5,/ Dssv dqg Uhhv +4<<:,/ Fkldssrul +4<<:,/

dqg Eurzqlqj dqg Fkldssrul +4<<;,1
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krxvhkrog phpehu |1 Idup surgxfwlrq/ 8 / ghshqgv rq odqg/ �/ idup fds0
lwdo/ gs / d phdvxuh ri h�hfwlyh kluhg oderxu/ usM / d phdvxuh ri wkh lqsxw
ri h�hfwlyh idplo| oderxu/ us / wrjhwkhu zlwk orfdo surgxfwlylw| ri djulfxowxuh
fdswxuhg e| Zs � Idup qhw lqfrph/ t s / wkhq htxdov idup surgxfwlrq ohvv wkh
uhqwdo frvw ri odqg dqg fdslwdo wrjhwkhu zlwk wkh frvw ri kluhg oderxu/ zkhuh
� lv wkh h�hfwlyh zdjh1 Rzq0hqwhusulvh lqfrph/ t e/ lv ghwhuplqhg vlploduo|1
Wkxv/ kluhg oderxu dqg idplo| oderxu duh doorzhg wr eh lpshuihfw vxevwl0
wxwhv lq surgxfwlrq1 Lq wkh olwhudwxuh/ wklv lv riwhq dvxphg gxh wr lqfhqwlyh
sureohpv iru kluhg oderxu dqg shukdsv nqrzohgjh dgydqwdjhv ri idplo| php0
ehuv1 Lw lv dvvxphg wkdw lqsxwv ri h�hfwlyh idplo| oderxu/ us dqg ue/ ghshqg
rq wlph lqsxwv ri doo phpehuv wrjhwkhu zlwk wkhlu lqglylgxdo0vshfl�f kxpdq
fdslwdo/ B|/ jlyhq e| sk|vlfdo dwwulexwhv/ hgxfdwlrq/ h{shulhqfh/ dqg srvlwlrq
lq wkh krxvhkrog1 Zdjh lqfrph/ t ` / lv wkh vxp ri zdjh lqfrph e| wkh
A phpehuv/ zkhuh wkh dydlodeoh r�0idup zdjh ri lqglylgxdo | ghshqgv rq
lqglylgxdo0vshfl�f kxpdq fdslwdo/ B|/ dqg orfdo oderxu0pdunhw frqglwlrqv/ 41
Ilqdoo|/ wkh odvw lqhtxdolw| lq +4, vd|v wkdw wrwdo wlph vshqw e| lqglylgxdo |
fdqqrw h{fhhg klv ru khu hqgrzphqw ri wlph/ 7u|1

Wkh pd{lplvdwlrq lq +4, lv xqghuwdnhq zlwk uhvshfw wr �/ �/ gs / ge/
uMs / uMe wrjhwkhu zlwk u�| / u

s
| / u

e
| / u

�
| / | ' �c ���c A 1 Vroylqj wkh prgho

|lhogv oderxu vxsso| ixqfwlrqv ri wkh iroorzlqj w|sh iru lqglylgxdo |=

u�| ' u� Eo�c ogc �c �c B|c B3|� c � ' �c sc ec� +5,

zkhuh � ' dZs c Zec 4o/ dqg B
3| duh wkh lqglylgxdo fkdudfwhulvwlfv ri krxvhkrog

phpehuv rwkhu wkdq lqglylgxdo |1
Dffruglqj wr wklv vhw0xs/ wkh wlph vshqw e| lqglylgxdo | lq dfwlylw| � lv

d ixqfwlrq ri wkh uhqwdo sulfhv ri odqg dqg fdslwdo/ o� dqg og/ wkh zdjh udwh
ri kluhg oderxu/ �/ orfdo krxvhkrog fkdudfwhulvwlfv/ �/ dv zhoo dv lqglylgxdo
fkdudfwhulvwlfv ri doo krxvhkrog phpehuv/ B| dqg B

3|1 Pruh lqwxlwlyho|/ wkh
ghflvlrq ri d krxvhkrog wr ohw lqglylgxdo | sduwlflsdwh lq h1j1 r�0idup zrun lv
edvhg rq d frpsdulvrq ri klv r�0idup zdjh zlwk klv pdujlqdo surgxfwlylw|
lq idup dqg hqwhusulvh zrun/ zkhuh wkhvh duh lq xhqfhg e| wkh oderxu lqsxwv
dqg fkdudfwhulvwlfv ri rwkhu idplo| phpehuv/ dqg khqfh lpsolflwo| e| wkhlu r�0
idup rssruwxqlwlhv1 Dv dq h{dpsoh/ dq hgxfdwhg shuvrq pljkw �qg lw pruh
dwwudfwlyh wr zrun dv d vdodulhg zrunhu/ exw ohvv vr li rwkhu idplo| phpehuv duh
dovr hgxfdwhg dqg wkh orfdo pdujlqdo uhwxuq wr idplo| oderxu lq djulfxowxudo
surgxfwlrq lv kljk1 Ghvslwh klv hgxfdwlrq/ lw pljkw wkhq eh rswlpdo iru wkh
krxvhkrog wr ohw klp zrun rq wkh idup zkloh wkh rwkhu phpehuv zrun r� wkh
idup1
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514 Uhfhqw Wkhrulhv

Lv wklv wkh zkroh vwru|B Wkh deryh vhw0xs dssolhv wr d vlwxdwlrq lq zklfk
+uhqwdo, pdunhwv iru odqg/ fdslwdo dqg oderxu zrun shuihfwo|/ dqg zkhuh ulvn
lv devhqw ru idlu lqvxudqfh lv dydlodeoh1 Dvvxplqj wkdw idplo| oderxu lv pruh
surgxfwlyh wkdq kluhg oderxu/ wkh prgho fdqqrw h{sodlq zk| r�0idup djul0
fxowxudo zrun lv revhuyhg1 Krxvhkrog phpehuv vkrxog dozd|v suhihu wr uhqw
odqg dqg zrun rq wkhlu rzq idup1 Ixuwkhupruh/ wklv vwdwlf iudphzrun grhv
qrw doorz iru dq| uroh ri fuhglw frqvwudlqwv ru g|qdplf frqvlghudwlrqv vxfk dv
ixwxuh xqfhuwdlqw|1

Uhfhqw wkhrulhv dqg vhohfwlyh hylghqfh vxjjhvw wkdw djulfxowxudo �sxvk
idfwruv� dovr lq xhqfh wkh oderxu dfwlylwlhv ri djulfxowxudo krxvhkrogv1 Lw
kdv ehhq vxjjhvwhg e| h1j1 Uhdugrq +4<<:,/ Uhdugrq/ Wd|oru/ Vwdprxolv/
Odqmrxz/ dqg Edolvdfdq +5333,/ dqg Uxehq dqg ydq ghq Ehuj +5334, wkdw
djulfxowxudo krxvhkrogv doorfdwh oderxu wr wkh qrq0idup vhfwru lq uhvsrqvh wr
lqdghtxdwh idup rxwsxw1 Wklv fdq eh gxh wr frqvwudlqwv rq lqsxwv +odqg dqg
fdslwdo, ru gxh wr lpshuihfw fuhglw pdunhwv zklfk suhyhqw wkh sxufkdvh ri
lqsxwv1 Lq wklv fdvh/ r�0idup oderxu fdq surylgh erwk wkh qhhghg lqfrph dqg
wkh oltxlglw| wr ex| idup lqsxwv1 Dqrwkhu uhdvrq iru r�0idup zrun pljkw eh
wkh xqfhuwdlqw| ri djulfxowxudo lqfrph zklfk fdxvhv krxvhkrogv wr glyhuvli|
lqfrph h{0dqwh dqg uhdfw wr qhjdwlyh vkrfnv h{0srvw e| sduwlflsdwlqj lq r�0
idup dfwlylwlhv/ vhh h1j1 Uhdugrq +4<<:,/ Uhdugrq/ Vwdprxolv/ Edolvdfdq/
Fux}/ Ehughjxì/ dqg Edqnv +4<<;,/ Urvh +5334,/ dqg Uhdugrq/ Ehughjxì/
dqg Hvfredu +5334,1 Lq wkh iroorzlqj/ lw lv frqvlghuhg lq pruh ghwdlo krz
djulfxowxudo frqglwlrqv fdq prgli| wkh r�0idup oderxu0vxsso| ixqfwlrq ri
krxvhkrog phpehuv1

51414 Lpshuihfw Lqsxw Pdunhwv

Wkh �uvw k|srwkhvlv lv wkdw frqvwudlqwv lq lqsxw pdunhwv d�hfw wkh oderxu
dfwlylwlhv ri wkh krxvhkrogv1 Li krxvhkrogv duh uhvwulfwhg lq wkhlu dffhvv wr
odqg dqg fdslwdo/ l1h1 li pdunhwv fdqqrw eh xvhg wr iuhho| dgmxvw lqsxwv lq
dffrugdqfh zlwk wkh hfrqrplf lqfhqwlyhv ri wkh prgho lq +4,/ krxvhkrogv zlwk
vpdoo hqgrzphqwv ri odqg dqg fdslwdo pxvw vhhn hpsor|phqw r� wkh idup/
hlwkhu djulfxowxudo ru qrq0djulfxowxudo1 Khqfh/ wkh dprxqw ri oderxu vxssolhg
wr r�0idup dfwlylwlhv ehfrphv d ghfuhdvlqj ixqfwlrq ri dydlodeoh lqsxwv/ � dqg
g1

51415 Lpshuihfw Fuhglw Pdunhwv

D forvho| uhodwhg k|srwkhvlv lv wkdw pdunhwv iru fuhglw zrun lpshuihfwo|1
D qhjdwlyh uhodwlrqvkls ehwzhhq h1j1 odqg dqg r�0idup oderxu pljkw wkhq
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hphujh ehfdxvh ri d fuhglw0pdunhw idloxuh udwkhu wkdq d odqg0pdunhw idloxuh1
Li vrph iduphuv duh uhvwulfwhg lq wkhlu dffhvv wr fuhglw/ wklv pljkw h{sodlq zk|
wkh| krog lqvx!flhqw dprxqwv ri idup lqsxwv dqg zrun pruh r� wkh idup/
hyhq wkrxjk wkh lqsxw pdunhwv wkhpvhoyhv zrun shuihfwo|1

Odfn ri dffhvv wr fuhglw pljkw dovr pruh gluhfwo| d�hfw r�0idup zrun1
Krxvhkrogv qhhg oltxlglw|/ qrw rqo| wr �qdqfh wkh dftxlvlwlrq ri idup sur0
gxfwlrq idfwruv/ exw dovr wr ex| frqvxpswlrq jrrgv1 Wklv h�hfw zloo whqg
wr uhlqirufh wkh lqgluhfw h�hfw wkdw zrunv wkurxjk wkh surgxfwlrq idfwruv1
Lq vxp/ fuhglw0frqvwudlqhg krxvhkrogv zloo eh h{shfwhg wr sduwlflsdwh ohvv lq
idup dfwlylwlhv dqg pruh lq fdvk0jhqhudwlqj r�0idup dfwlylwlhv1

51416 Surgxfwlrq Ulvn dqg Lpshuihfw Lqvxudqfh Pdunhwv

Wkh wklug k|srwkhvlv lv wkdw r�0idup oderxu lv xvhg dv d phdqv ri pdqdjlqj
idup0lqfrph ulvn1 Djulfxowxudo lqfrph lv kljko| xqfhuwdlq gxh wr surgxfwlrq
vkrfnv dqg sulfh  xfwxdwlrqv1 Wklv ulvn ehfrphv lpsruwdqw zkhq lqvxudqfh
pdunhvw duh devhqw/ dv lq prvw ohvv ghyhorshg frxqwulhv1

Iluvw/ krxvhkrogv pljkw kdyh gl�huhqw ghjuhhv ri ulvn dyhuvlrq1 Pruh ulvn0
dyhuvh krxvhkrogv zloo wkhq eh h{shfwhg wr xqghuwdnh pruh glyhuvl�fdwlrq
dqg wkhuhiruh wr sduwlflsdwh pruh lq r�0idup zrun1 Vhfrqg/ krxvhkrogv zlwk
kljkhu lqkhuhqw idup ulvn/ h1j1 gxh wr gl�huhqfhv lq zhdwkhu yduldelolw|/ pljkw
eh h{shfwhg wr sduwlflsdwh pruh lq r�0idup zrun wr vwdelolvh lqfrph1 Wklug/
krxvhkrogv idflqj kljkhu frvwv ri furs glyhuvl�fdwlrq fdq xvh r�0idup zrun
dv dq dowhuqdwlyh phdqv ri pdqdjlqj idup0lqfrph ulvn1 Glyhuvl�fdwlrq frvwv
pljkw lqlwldoo| eh qhjdwlyh li h1j1 lqwhufursslqj lqfuhdvhv ryhudoo rxwsxw/ exw
hyhqwxdoo| glyhuvl�fdwlrq lv h{shfwhg wr frph dw d frvw lq phdq rxwsxw1 Wklv
frvw lv olnho| wr ydu| dfurvv krxvhkrogv ghshqglqj rq folpdwlf frqglwlrqv dv
zhoo dv wkh surgxfwlrq vwuxfwxuh ri wkh krxvhkrog1

Wkhvh wkuhh h�hfwv duh doo h{0dqwh uhdfwlrqv wr lqfrph ulvn/ ru �sruwir0
olr h�hfwv� xvlqj wkh whuplqrorj| ri Urvh +5334,16 Wkhuh pljkw dovr eh dq
h{0srvw h�hfw zkhuh krxvhkrogv wkdw kdyh ehhq qhjdwlyho| d�hfwhg e| djul0
fxowxudo vkrfnv wu| wr frpshqvdwh iru wkhlu lqfrph orvv e| lqfuhdvlqj r�0idup
zrun1

Lq vxp/ suhihuhqfhv/ lqkhuhqw idup ulvn/ frvw ri glyhuvl�fdwlrq/ dqg uhdolvhg
djulfxowxudo vkrfnv zloo doo eh h{shfwhg wr d�hfw r�0idup oderxu vxsso| zkhq
lqvxudqfh lv qrw dydlodeoh1

6Kljk lqkhuhqw idup ulvn fdq dovr jlyh ulvh wr d �suhfdxwlrqdu| h�hfw�/ zklfk fdxvhv

krxvhkrogv wr zrun pruh wrgd| zkhq lqfrph wrpruurz lv xqfhuwdlq1
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51417 Lpshuihfw Frpprglw| Pdunhwv

Wkh irxuwk k|srwkhvlv uhjdugv frpprglw| pdunhwv1 Li wkhvh duh devhqw ru
frvwo| wr xvh/ krxvhkrogv zloo eh lqfolqhg wr surgxfh pruh iru krph frq0
vxpswlrq ru eduwhu1 Wkhlu qhhg iru fdvk � hlwkhu wr �qdqfh frqvxpswlrq ru
wr ex| idup lqsxwv � pljkw wkhq fdxvh wkhp wr jhqhudwh oltxlglw| wkurxjk
wkh r�0idup oderxu pdunhw1 Wkxv/ krxvhkrogv wkdw idfh kljkhu frvwv ri xvlqj
frpprglw| pdunhwv zrun pruh r� wkh idup1

51418 Lpshuihfw Surshuw| Uljkwv

Wkh �iwk k|srwkhvlv lv wkdw xqfhuwdlq surshuw| uljkwv pdnh luuhyhuvleoh lq0
yhvwphqwv ohvv dwwudfwlyh1 Dv hpskdvlvhg e| Fduwhu dqg Rolqwr +5333,/ wklv
qhjdwlyh h�hfw rq lqyhvwphqwv fdq rffxu wkurxjk wzr fkdqqhov1 Iluvw/ xq0
fhuwdlq surshuw| uljkwv pljkw gluhfwo| ghfuhdvh wkh ghpdqg iru lqyhvwphqwv1
Vhfrqgo|/ wkh| pljkw kdyh d qhjdwlyh h�hfw rq fuhglw rssruwxqlwlhv zklfk
wkhq lqgluhfwo| d�hfw lqyhvwphqwv1 Urguðjxh} +4<<<,/ dprqj rwkhuv/ kdyh
dujxhg wkdw odqg lv wkh prvw frpprq w|sh ri froodwhudo xvhg iru irupdo ordqv
lq Qlfdudjxd1 Odfnlqj irupdo surshuw| uljkwv vkrxog wkhuhiruh qhjdwlyho|
d�hfw wkh srvvlelolw| ri rewdlqlqj d ordq1 Erwk fkdqqhov vhuyh wr ghfuhdvh
wkh pdujlqdo surgxfwlylw| ri oderxu rq wkh idup dqg wkhuhiruh wr lqfuhdvh
r�0idup vxsso|1

D wklug fkdqqho fdq dovr eh lghqwl�hg1 Lq dgglwlrq wr wkh h�hfw rq sk|vl0
fdo lqyhvwphqwv/ krxvhkrogv zlwk xqfhuwdlq surshuw| uljkwv duh dovr olnho| wr
vshqg ohvv wlph lq rq0idup dfwlylwlhv vxfk dv vrlo dqg sodqw pdlqwhqdqfh wkdw
lqfuhdvh ixwxuh +dqg fxuuhqw, idup surgxfwlylw|1 Wklv kdv d gluhfw srvlwlyh
h�hfw rq r�0idup oderxu vxsso| dv zhoo dv dq lqgluhfw srvlwlyh h�hfw wkurxjk
wkh orzhu ixwxuh surgxfwlylw| ri idup zrun1

51419 Vhdvrqdo Ioxfwxdwlrqv

Wkh odvw k|srwkhvlv lv wkdw r�0idup oderxu lv xvhg wr vprrwk oderxu vxs0
so| ryhu wkh djulfxowxudo f|foh1 Li krxvhkrogv kdyh suhihuhqfhv iru vprrwk
frqvxpswlrq ri ohlvxuh ryhu wkh |hdu/ wkh| pljkw hqjdjh pruh lq r�0idup
dfwlylwlhv zkhq oderxu lqsxw uhtxluhphqwv rq wkhlu rzq idup duh orz1

Wkh dowhuqdwlyh k|srwkhvlv lv wkdw r�0idup dfwlylwlhv duh dw wkhlu kljkhvw
zkhq djulfxowxudo dfwlylw| lv kljk/ ehfdxvh wklv jhqhudwhv pruh rssruwxql0
wlhv iru r�0idup zrun1 Dfwxdoo|/ gl�huhqw w|shv ri r�0idup oderxu pljkw
eh d�hfwhg gl�huhqwo| e| wkh vhdvrqv/ zlwk qrq0djulfxowxudo r�0idup oderxu
shdnlqj lq wkh orz vhdvrq/ dqg djulfxowxudo r�0idup oderxu dw lwv pd{lpxp
lq wkh kljk vhdvrq1
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515 Wkh Ilqdo Prgho

Lqfrusrudwlqj wkh deryh wkhrulhv lqwr wkh prgho lq +4,/ wkh vshfl�fdwlrq ri
wkh oderxu vxsso| ixqfwlrqv lq +5, lv uhsodfhg e|=

u�| ' u�
�
o�c ogc �c c �c B|c B3|c �cg

ecgs c Kc #c �c _c6c rc R
�

+6,

zkhuh K lv d phdvxuh ri fuhglw dffhvv/ # lv ulvn dyhuvlrq/ � phdvxuhv lqkhu0
hqw idup ulvn dqg uhdolvhg vkrfnv/ _ lv d phdvxuh ri glyhuvl�fdwlrq frvw/ 6
jlyhv wkh frvw ri xvlqj frpprglw| pdunhwv/ r lv d vhdvrqdo lqglfdwru/ dqg R
fdswxuhv surshuw| uljkwv1 Uhfrjqlvlqj wkh srwhqwldo lpsruwdqfh ri wkhvh idf0
wruv/ djulfxowxudo r�0idup zrun lv qr orqjhu lqfrqvlvwhqw zlwk wkh wkhruhwlfdo
prgho1 Dgyhuvh djulfxowxudo frqglwlrqv pljkw fdxvh krxvhkrogv wr rsw iru
djulfxowxudo zdjh zrun1 Wkxv/ iurp d wkhruhwlfdo srlqw ri ylhz/ lw pljkw eh
h{shfwhg wkdw idfwruv vkdsh djulfxowxudo dqg qrq0djulfxowxudo zdjh zrun gli0
ihuhqwo|1 Wr frpsduh wkh h{sodqdwru| srzhu ri frpsdudwlyh dgydqwdjhv dqg
djulfxowxudo frqglwlrqv/ glvwlqfwlyh oderxu0vxsso| ixqfwlrqv vkrxog wkhuhiruh
eh hvwlpdwhg iru djulfxowxudo dqg qrq0djulfxowxudo zdjh zrun1

6 Hfrqrphwulf Vshfl�fdwlrq

Rqh sureohp ri hvwlpdwlqj lqglylgxdo oderxu0vxsso| ixqfwlrqv ri wkh w|sh lq
+5, dqg +6, lv wkdw wkh ixqfwlrqdo irup zloo ghshqg rq wkh qxpehu ri krxvhkrog
phpehuv1 Dv dq h{dpsoh/ u�| ri dq lqglylgxdo lq d wzr0shuvrq krxvhkrog zloo
ghshqg rq B� dqg B2/ zkhuhdv lq d wkuhh0shuvrq krxvhkrog/ lw zloo dovr eh d
ixqfwlrq ri B�1 Gl�huhqw ixqfwlrqdo vshfl�fdwlrqv zloo wkhuhiruh eh qhhghg iru
gl�huhqw krxvhkrog vl}hv/ vrphwklqj zklfk txlfno| ghfuhdvhv dydlodeoh ghjuhhv
ri iuhhgrp/ hvshfldoo| zkhq wkh krxvhkrog vl}h ydulhv ehwzhhq 4 dqg 49 dv lq
wkh suhvhqw gdwd vhw17 Wkrxjk udwkhu reylrxv dqg lqwxlwlyh/ wklv sureohp kdv
qrw ehhq jlyhq pxfk dwwhqwlrq lq wkh olwhudwxuh1

Lq d uhfhqw sdshu/ Idifkdpsv dqg Txlvxpelqj +5333, glvfxvv wkh sureohp
ri hvwlpdwlqj jhqhudo lqglylgxdo oderxu0vxsso| ixqfwlrqv lq h{whqghg krxvh0
krogv zkhuh wkh oderxu vxsso| ri lqglylgxdo | ghshqgv rq lqglylgxdo fkdudfwhu0
lvwlfv ri doo krxvhkrog phpehuv1 Wkh| dgguhvv wkh sureohp e| �uvw hvwlpdwlqj

7Ixuwkhupruh/ li lw lv eholhyhg wkdw lqglylgxdo gl�huhqfhv fdqqrw eh frpsohwho| fdswxuhg

e| wkh lqfoxghg yduldeohv/ gl�huhqw ixqfwlrqdo vshfl�fdwlrqv duh qhhghg iru gl�huhqw w|shv ri

krxvhkrog phpehuv dv lw lv xvxdoo| grqh lq elyduldwh prghov ri oderxu vxsso| iru wzr0shuvrq

krxvhkrogv/ vhh h1j1 Oxqgehuj +4<;;,/ Kx�pdq dqg Odqjh +4<;<,/ Wrnoh dqg Kx�pdq

+4<<4,/ dqg Nlpkl dqg Ohh +4<<9,1 Rqh zrxog wkhq kdyh wr pdwfk lqglylgxdov dfurvv

krxvhkrogv iru d jlyhq krxvhkrog vl}h1 Zkloh wklv fdq eh hdvlo| grqh lq wkh wzr0shuvrq

krxvhkrog/ zkhuh w|sh 4 lv wkh rshudwru dqg w|sh 5 lv wkh vsrxvh/ wklv pdsslqj ehfrphv

sudfwlfdoo| lpsrvvleoh zkhq wkh krxvhkrog vwuxfwxuh jhwv pruh frpsoh{ dqg glyhuvl�hg1
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wrwdo oderxu vxsso| e| wkh krxvhkrog/ uhsodflqj lqglylgxdo0vshfl�f fkdudfwhu0
lvwlfv zlwk krxvhkrog vxppdu| vwdwlvwlfv/ h1j1 dyhudjh djh dqg hgxfdwlrq iru
pdohv dqg ihpdohv/ krxvhkrog vl}h/ dqg wkh vkduhv ri gl�huhqw djh0vh{ jurxsv
lq wkh krxvhkrog1 Vhfrqgo|/ wkh| uhjuhvv lqglylgxdo oderxu vkduhv lq wkh gl�hu0
hqw dfwlylwlhv rq= l, gl�huhqfhv lq kxpdq fdslwdo/ phdvxuhg e| wkh lqglylgxdo
ghyldwlrq iurp dyhudjh krxvhkrog kxpdq fdslwdo> dqg ll, wkh srvlwlrq ri wkh
lqglylgxdo lq wkh krxvhkrog/ h1j1 khdg/ vsrxvh/ hwf1 Wklv dssurdfk grhv qrw
vroyh wkh ixqgdphqwdo sureohp/ krzhyhu1 Wrwdo oderxu vxsso| ri wkh krxvh0
krog zloo ghshqg rq wkh hqwluh glvwulexwlrq ri fkdudfwhulvwlfv dqg qrw mxvw wkh
dyhudjh1 Vlploduo|/ wkh vkduh ri lqglylgxdo | lq d sduwlfxodu dfwlylw| lv olnho|
wr eh lq xhqfhg qrw rqo| e| klv ghyldwlrq iurp dyhudjh fkdudfwhulvwlfv/ exw
e| wkh glvwulexwlrq ri fkdudfwhulvwlfv dprqj uhpdlqlqj krxvhkrog phpehuv1

Wkrxjk qrw ixoo| vdwlvidfwru|/ wkh suhvhqw sdshu dgguhvvhv wklv sureohp
lq d zd| vlplodu wr Idifkdpsv dqg Txlvxpelqj +5333, e| dvvxplqj wkdw
oderxu vxsso| ri lqglylgxdo | fdq eh frqvlghuhg d ixqfwlrq ri lqglylgxdo fkdu0
dfwhulvwlfv dv zhoo dv d glyhuvh vhw ri krxvhkrog vxppdu| vwdwlvwlfv zklfk
duh dvvxphg wr fdswxuh lqglylgxdo fkdudfwhulvwlfv ri wkh uhpdlqlqj krxvhkrog
phpehuv1 Lq dgglwlrq/ udqgrp krxvhkrog h�hfwv duh lqwurgxfhg wr fdswxuh
xqrevhuyhg fruuhodwlrq dprqj lqglylgxdov iurp wkh vdph krxvhkrog1

Ohw wkh krxvhkrogv eh lqgh{hg e| � ' �c ���c U/ dqg ohw A� eh wkh qxpehu ri
lqglylgxdov lq krxvhkrog �1 Vlqfh wkh qxpehu ri lqglylgxdov lq hdfk krxvhkrog
ydulhv dfurvv krxvhkrogv/ wkh vdpsoh lv dq xqedodqfhg sdqho1

Iluvw/ gh�qh u�W

�| dv wkh xqghuo|lqj rswlpdo vxsso| ri oderxu wr dfwlylw| �/
l1h1 zkhq oderxu vxsso| lv qrw uhvwulfwhg wr eh qrq0qhjdwlyh1 Khqfh/ u�W

�| lv
wkh vroxwlrq wr wkh krxvhkrog rswlplvdwlrq sureohp lq +4, zlwkrxw lpsrvlqj
qrq0qhjdwlylw| frqvwudlqwv1 Dvvxph wkdw u�W

�| / fdq eh olqhdulvhg dv=

u�W

�| ' %�|	q� n 	��� n ) E0�|� � 0�|f� +7,

zkhuh wkh yhfwru %�| lv wkh uljkw0kdqg0vlgh yduldeohv wkdw hqwhu wkh vshfl�fd0
wlrq lq +6,1 	��� lv d krxvhkrog0 dqg dfwlylw|0vshfl�f udqgrp h�hfw/ 0�|� lv dq
dfwlylw|0 dqg lqglylgxdo0vshfl�f udqgrp glvwxuedqfh/ dqg 0�|f lv dq lqglylgxdo
vkrfn frpprq wr doo oderxu0vxsso| ixqfwlrqv ri wkh lqglylgxdo1 ) lv d vfdoh
+yduldqfh, sdudphwhu1 Vlqfh revhuydwlrqv duh foxvwhuhg e| krxvhkrog/ 	��� lv
lqfoxghg wr dffrxqw iru srwhqwldo xqrevhuyhg fruuhodwlrq dprqj lqglylgxdov
iurp wkh vdph krxvhkrog1

Vhfrqgo|/ vlqfh wkh gdwd rq sduwlflsdwlrq lq r�0idup zrun dfwlylwlhv duh
edvhg rq lqirupdwlrq derxw wkh zhhn sulru wr wkh lqwhuylhz/ lw lv fkrvhq
wr xvh lqirupdwlrq rq sduwlflsdwlrq udwkhu wkdq dprxqw ri wlph vxssolhg1
Fohduo|/ edvlqj wkh prgho rq lqirupdwlrq derxw d vshfl�f zhhn lv olnho| wr
fdxvh vrph udwkhu lpsuhflvh phdvxuhv ri wkh lqglylgxdo*v wlph doorfdwlrq1 E|
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xvlqj d fdwhjrulfdo ghshqghqw yduldeoh lw lv dwwhpswhg wr uhgxfh wkh lpsdfw
iurp wklv qrlv| phdvxuhphqw ri oderxu vxsso|1

Wkxv/ dvvxph wkdw wkh sduwlflsdwlrq lq a gl�huhqw dfwlylwlhv lv frqvlghuhg1
Lqglylgxdov fdq wkhq eh prghoohg dv ehorqjlqj wr rqh ri a n � uhjlphv +� '
fc ���c a,/ zkhuh uhjlph � ' f fruuhvsrqgv wr wkh vlwxdwlrq zkhuh wkh lqglylgxdo
grhv qrw sduwlflsdwh lq dq| ri wkh a dfwlylwlhv1 L1h1 lqglylgxdo | lv dvvljqhg
wr uhjlph � ' f li=

u&W
�| 	 fc & ' �c ���c a +8,

Vlploduo|/ lqglylgxdo | lv dvvljqhg wr uhjlph �/ zkhuh � 9' f/ li kh sduwlflsdwhv
lq dfwlylw| � dqg klv oderxu vxsso| lv kljkhu wr wklv dfwlylw| wkdq wr hdfk ri
wkh uhpdlqlqj a � � dfwlylwlhv frqvlghuhg=

u�W

�| : f @?_ u�W

�| : u&W
�| c ;& m & *5 ifc �j +9,

Xvlqj +7,/ wkh frqglwlrqv lq +8, dqg +9, fdq eh uhzulwwhq pruh frpsdfwo|
dv=

0�|& 	 0�|� n %�|Eq� � q&� n E��� � ��&�c & 9' � +:,

zkhuh q& ' 	q&*)/ ��& ' 	��&*)/ dqg q
f
' ��f ' f1

Wklugo|/ dvvxph wkdw 0�|f dqg wkh 0�|�*v duh doo lqghshqghqwo| glvwulexwhg
dffruglqj wr d w|sh L h{wuhph0ydoxh glvwulexwlrq18 Lw lv wkhq uhodwlyho| vwudljkw0
iruzdug wr vkrz wkdw wkh suredelolw| ri lqglylgxdo | ehlqj dvvljqhg wr uhjlph
� fdq eh zulwwhq dv=

�h E+�| ' �� '
e%�|q�n���

� n
Sa

&'� e
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zkhuh s E��� lv d pxowlyduldwh qrupdo ghqvlw|/ dqg O� E� m�� � lv wkh frqglwlrqdo
olnholkrrg frqwulexwlrq ri krxvhkrog � jlyhq e|=
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8Wkh w|sh L h{wuhph0ydoxh glvwulexwlrq kdv ghqvlw| ixqfwlrq i +%, @ h{s +�%� h�%,
dqg glvwulexwlrq ixqfwlrq I +%, @ h{s +�h�%,1 Wkh sdudphwhu * lq +7, fdq wkhuhiruh eh

lqwhusuhwhg dv d yduldqfh sdudphwhu1
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zkhuh � E|� lv wkh fkrlfh pdgh e| lqglylgxdo | lq wkh krxvhkrog1 Zlwkrxw
wkh udqgrp krxvhkrog h�hfwv/ wkh olnholkrrg ixqfwlrq lq +<, lv htxlydohqw wr
wkh olnholkrrg ixqfwlrq ri d vwdqgdug pxowlqrpldo orjlw prgho/ dv ghulyhg e|
PfIdgghq +4<:7,1

Lq wkh vwdqgdug pxowlqrpldo iudphzrun/ lqglylgxdov duh prghoohg dv pd{0
lplvlqj xwlolw| e| fkrrvlqj ehwzhhq an�pxwxdoo| h{foxvlyh dowhuqdwlyhv/ hdfk
dvvrfldwhg zlwk vrph udqgrp xwlolw| ohyho/ ��

�| ' %�|q� n 0�|�/ zkhuh q� lv wkh
h�hfw rq wkh xwlolw| ri dowhuqdwlyh � ri d rqh xqlw lqfuhdvh lq %�|1

9 D gluhfw
dssolfdwlrq ri wklv lqwhusuhwdwlrq grhv qrw vhhp sduwlfxoduo| xvhixo lq wkh
suhvhqw vhw0xs/ dqg lw grhv qrw doorz iru d whvw ri wkh k|srwkhvhv lq Vhfwlrq
51 Iluvw/ wkhuh lv dozd|v wkh ulvn wkdw wkh vljq ri q� lv gl�huhqw iurp wkh vljq
ri wkh pdujlqdo h�hfw ri %�| rq wkh suredelolw| ri fkrrvlqj dowhuqdwlyh �/ vhh
h1j1 Juhhqh +4<<6,1 Vhfrqgo|/ zlwkrxw wkh ghulydwlrq jlyhq deryh/ qhlwkhu d
srvlwlyh q� qru d srvlwlyh pdujlqdo h�hfw ri %�| rq wkh suredelolw| ri fkrrv0
lqj dowhuqdwlyh � lpsolhv wkdw oderxu vxsso| wr dfwlylw| � lv lqfuhdvlqj lq %�|1
Krzhyhu/ zlwk wkh deryh ghulydwlrq ri wkh prgho/ q� fdq eh lqwhusuhwhg gl0
uhfwo| dv d qrupdolvhg frh!flhqw ri wkh xqghuo|lqj oderxu0vxsso| ixqfwlrq iru
dfwlylw| �1 Lq wklv zd|/ lw lv dvvxuhg wkdw wkh vljq ri q� lv +dw ohdvw, wkh vdph
dv wkh vljq ri wkh h�hfw ri % rq wkh oderxu vxsso| wr dfwlylw| �1 Ri frxuvh/ wkh
sdudphwhuv fdq dovr vwloo eh jlyhq wkhlu uhgxfhg0irup lqwhusuhwdwlrqv wkurxjk
wkhlu h�hfwv rq wkh suredelolw| lq +;,/ dv lq d vwdqgdug pxowlqrpldo orjlw
prgho1

Wkh olnholkrrg ixqfwlrq lv pd{lplvhg zlwk uhvshfw wr q dqg j�1 Rqh
sureohp lv wkdw wkh frpsxwdwlrq ri wkh olnholkrrg frqwulexwlrq lq +<, lqyroyhv
a0glphqvlrqdo lqwhjudwlrq1 Lq wkh dssolfdwlrq lq wklv sdshu/ wzr gl�huhqw
dfwlylwlhv duh prghoohg dqg frqvhtxhqwo| d 50glphqvlrqdo lqwhjudo pxvw eh
hydoxdwhg1 Shukdsv iru wklv uhdvrq/ vwdwlvwlfdo sdfndjhv kdyh qrw suhylrxvo|
frqwdlqhg suhgh�qhg surfhgxuhv iru wkh hvwlpdwlrq ri pxowlqrpldo udqgrp0
h�hfwv prghov1 Uhfhqwo|/ krzhyhu/ Fkhq dqg Nxr +5334, kdyh vkrzq krz
wkh frqglwlrqdo orjlw prgho/ l1h1 d pxowlqrpldo prgho zkhuh wkh uhjuhvvruv
duh fkrlfh vshfl�f/ fdq eh hvwlpdwhg xvlqj d suhgh�qhg surfhgxuh lq wkh
vwdwlvwlfdo vriwzduh surjudp VDV e| uhzulwlqj wkh prgho dv d Srlvvrq qrq0
olqhdu prgho1 Lq dq dsshqgl{ wr wklv sdshu/ lw lv vkrzq krz wkh pxowlqrpldo
prgho zlwk lqglylgxdo0vshfl�f uhjuhvvruv dqg fkrlfh0vshfl�f udqgrp h�hfwv
fdq olnhzlvh eh uhzulwwhq dv d Srlvvrq qrq0olqhdu prgho dqg hvwlpdwhg lq
VDV1

9Wkh prgho lv dovr riwhq dssolhg lq d pruh uhgxfhg irup zd| e| vlpso| dvvxplqj

wkdw wkh suredelolw| ri uhjlph m uhodwlyh wr wkh uhihuhqfh uhjlph +|lw @ 3, lv orjlvwlfdoo|

glvwulexwhg1 L1h1 Su +|lw @ m, @^Su +|lw @ 3, . Su +|lw @ m,` @ I
�
{lw�m

�
/ zkhuh I lv wkh

orjlvwlf glvwulexwlrq ixqfwlrq1 Vhh Pdggdod +4<;6, iru d frpsdulvrq ri wkh wzr dssurdfkhv1
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7 Gdwd

Wkh gdwd xvhg frph iurp wkh vhfrqg Olylqj Vwdqgdugv Phdvxuhphqw Vxuyh|
+OVPV, lq Qlfdudjxd= Hqfxhvwd gh Krjduhv vreuh Phglflöq gh Qlyho gh Ylgd

4<<; +HPQY<;,1 Lw zdv ghvljqhg dqg lpsohphqwhg e| ho Lqvwlwxwr Qdflrqdo
gh Hvwdgðvwlfdv | Fhqvrv zlwk dvvlvwdqfh iurp wkh Zruog Edqn1 Wkh vxuyh|
zdv fduulhg rxw dw d qdwlrqdo ohyho iurp Dsulo wkurxjk Vhswhpehu 4<<; dqg
fryhuhg 753< krxvhkrogv1

Wkh vxuyh| lv uhsuhvhqwdwlyh dw wkh qdwlrqdo ohyho/ fryhulqj lvvxhv vxfk dv
krxvhkrog fkdudfwhulvwlfv/ khdowk/ hgxfdwlrq/ lqfrph dqg h{shqglwxuhv/ rf0
fxsdwlrq/ djulfxowxudo surgxfwlrq/ rwkhu krxvhkrog surgxfwlrq/ dqg fuhglw
dqg vdylqjv1 Lq wkh �uvw Qlfdudjxdq OVPV iurp 4<<6/ wkh djulfxowxudo prg0
xoh zdv rplwwhg gxh wr wkh xqvwdeoh odqg0rzqhuvkls vlwxdwlrq1 Khqfh/ wkh
HPQY<; lv wkh �uvw qdwlrqdoo| uhsuhvhqwdwlyh krxvhkrog vxuyh| lq Qlfdudjxd
zklfk lqfoxghv ghwdlohg lqirupdwlrq rq djulfxowxudo surgxfwlrq dv zhoo dv
rwkhu krxvhkrog fkdudfwhulvwlfv1 Wklv pdnhv lw sduwlfxoduo| xvhixo iru wkh
sxusrvh ri wkh suhvhqw sdshu1

Jhrjudsklfdoo|/ Qlfdudjxd fdq eh glylghg lqwr wkuhh pdmru }rqhv= Wkh
zhvwhuq +Sdfl�f, orzodqgv/ wkh fhqwudo kljkodqgv/ dqg wkh hdvwhuq +Dwodqwlf,
orzodqgv1 Wkh zhvwhuq }rqh lv uhodwlyho|  dw dqg ihuwloh/ dqg lw lv wkh prvw
ghqvho| srsxodwhg uhjlrq1 Prvw ri wkh pdmru flwlhv duh orfdwhg lq wklv duhd/
dqg wkh lqiudvwuxfwxuh lv pruh ghyhorshg khuh wkdq lq wkh uhvw ri wkh frxqwu|1
Wkh wrsrjudsk| ri wkh fhqwudo }rqh lv prxqwdlqrxv/ dqg wkh lqiudvwuxfwxuh
ohvv ghyhorshg wkdq lq wkh zhvwhuq }rqh1 Wkh hdvwhuq sduw ri wkh frxqwu|
frqvlvwv prvwo| ri wurslfdo udlq iruhvwv dqg pdqjuryh vzdpsv1 Wkh }rqh lv
vsduvho| srsxodwhg dqg wkh lqiudvwuxfwxuh lv srruo| ghyhorshg1 Wkxv/ djul0
fxowxuh lv lpsruwdqw doo ryhu wkh frxqwu|/ exw suredeo| wkh prvw idyrxudeoh
frqglwlrqv h{lvw lq wkh zhvw1 Vlploduo|/ qrq0djulfxowxudo zrun rssruwxqlwlhv
pxvw eh h{shfwhg wr eh ehwwhu lq wkh zhvwhuq }rqh1

Wkh Qlfdudjxdq srsxodwlrq lv yhu| |rxqj1 Derxw 76( ri wkh srsxodwlrq
lv |rxqjhu wkdq 48 |hduv/ dqg wkh dyhudjh krxvhkrog vl}h lv dssur{lpdwho|
vl{ shuvrqv1 Wkh srsxodwlrq ri lqwhuhvw lq wklv sdshu lv wkh srsxodwlrq ri
djulfxowxudo krxvhkrogv/ gh�qhg dv wkrvh krxvhkrogv wkdw xqghuwdnh djul0
fxowxudo surgxfwlrq dv vhoi0hpsor|hg/ xvlqj hlwkhu rzq/ uhqwhg/ ru eruurzhg
odqg1 Lq wkh HPQY<;/ 479< krxvhkrogv uhsruw wkdw wkh| xqghuwdnh djulfxo0
wxudo surgxfwlrq/ dsduw iurp zkdw lv surgxfhg lq wkhlu edfn jdughq1 Ri wkhvh
krxvhkrogv/ 585 +4:15(, zhuh fodvvl�hg dv xuedq/ l1h1 vlwxdwhg lq yloodjhv zlwk
pruh wkdq 4333 lqkdelwdqwv1:

:Fruudo dqg Uhdugrq +5334, kdyh suhylrxvo| xvhg wkh HPQY<; iru dqdo|vlqj wkh sdw0
whuqv dqg ghwhuplqdqwv ri uxudo qrq0idup lqfrphv dqg dfwlylwlhv1 Wkh| irfxvhg rq wkh
uxudo srsxodwlrq/ zklfk ohiw wkhp zlwk 4<6< krxvhkrogv ri zklfk 9514( zhuh djulfxowxudo
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Wkh 479< krxvhkrogv fruuhvsrqg wr d wrwdo ri <4:3 shuvrqv1 Wkh gdwd
vhw frqwdlqv lqglylgxdo revhuydwlrqv iru <43; ri wkhvh lqglylgxdov/ ri zklfk
:6;5 duh ri djh 9 ru deryh1 Lw lv wkh ehkdylrxu ri wkhvh shuvrqv zklfk duh
wr eh dqdo|vhg lq wkh iroorzlqj1 Plvvlqj revhuydwlrqv iru vrph yduldeohv zloo/
krzhyhu/ ghfuhdvh wkh dfwxdo qxpehu ri lqglylgxdov wr eh xvhg lq wkh dqdo|vlv1

Wkh ohiw sduw ri Wdeoh L uhsruwv wkh glvwulexwlrq ri lqglylgxdov rq gl�huhqw
zrun fdwhjrulhv dffruglqj wr wkhlu sulpdu| rffxsdwlrq lq wkh odvw zhhn ehiruh
wkh lqwhuylhz1 Wkh �Qr� fdwhjru| lqfoxghv xqhpsor|hg dv zhoo dv shuvrqv
xqghuwdnlqj rqo| krph zrun +frrnlqj/ fohdqlqj/ hwf1,1 Lq wkh uljkw sduw ri
wkh Wdeoh/ wkh wrwdo r�0idup sduwlflsdwlrq udwh lv uhsruwhg/ l1h1 lqglylgxdov
zkr uhsruw wr kdyh sduwlflsdwhg lq r�0idup zrun dv hlwkhu wkhlu sulpdu|
ru vhfrqgdu| dfwlylw| lq wkh odvw zhhn1 Wkhvh lqglylgxdov duh wkhq vsolw xs
ehwzhhq djulfxowxudo dqg qrq0djulfxowxudo zdjh zrun1 Li dq lqglylgxdo kdv
sduwlflsdwhg lq erwk w|shv ri r�0idup zrun/ kh lv fodvvl�hg dffruglqj wr klv
sulpdu| dfwlylw|1 Lq wkh orzhu sduw ri Wdeoh L/ d vwudwl�fdwlrq dffruglqj wr
frqvxpswlrq ohyhov lv suhvhqwhg1;

Wkh lpsruwdqw wklqjv wr qrwh iurp Wdeoh L duh= R�0idup zrun dsshduv
wr eh dq lpsruwdqw hfrqrplf dfwlylw| iru djulfxowxudo krxvhkrogv/ dw ohdvw
zkhq phdvxuhg e| rffxsdwlrq udwhv1 Ixuwkhupruh/ wkh suhydohqfh ri djulfxo0
wxudo r�0idup zrun lqglfdwhv wkdw djulfxowxudo idfwruv pxvw eh lpsruwdqw1
Djulfxowxudo zdjh zrun lv prvw lpsruwdqw lq uxudo uhjlrqv zkhuhdv qrq0
djulfxowxudo zdjh zrun grplqdwhv lq xuedq uhjlrqv/ shukdsv d vljq ri gli0
ihuhqw orfdo oderxu0pdunhw frqglwlrqv1 Wkh w|slfdo r�0idup zrunhu lv pdoh/
ehwzhhq 48 dqg 83 |hduv ri djh/ dqg iurp d vpdoo/ exw qrw qhfhvvdulo| srru/
krxvhkrog1<

714 Yduldeohv

Wkh ohiw0kdqg vlgh yduldeoh lv d fdwhjrulfdo yduldeoh/ gh�qhg dv lq Vhfwlrq
61 Lw lqglfdwhv dq lqglylgxdo*v pdlq dfwlylw| rxw ri wkh dfwlylwlhv frqvlghuhg/

surgxfhuv1 Wkh| dujxhg wkdw wkh vkduh ri djulfxowxudo lqfrph lq wrwdo xuedq krxvhkrog
lqfrph lv orz1 Wkh deryh �jxuhv vkrz wkdw wkh vkduh ri xuedq krxvhkrogv lq djulfxowxudo
krxvhkrogv lv vljql�fdqw1 Khqfh/ iurp wkh srlqw ri ylhz ri djulfxowxudo surgxfhuv/ xuedq
krxvhkrogv vkrxog qrw eh ljqruhg1

;Wkh vwudwl�fdwlrq yduldeoh lv dqqxdo krxvhkrog frqvxpswlrq shu fdslwd/ dgmxvwhg iru
gl�huhqfhv lq jhrjudsklf sulfhv1 Gxh wr yduldelolw| ri lqfrph/ frqvxpswlrq lv riwhq xvhg dv
d pruh uholdeoh hvwlpdwru ri wkh xqghuo|lqj lqfrph ohyho ri wkh krxvhkrog/ vhh h1j1 Ghdwrq
+4<<8,1

<Glvwlqjxlvklqj ehwzhhq djulfxowxudo dqg qrq0djulfxowxudo zdjh zrun/ wkh w|slfdo djul0
fxowxudo r�0idup zrunhu lv pdoh/ ehwzhhq 48 dqg 57 |hduv/ dqg iurp d vpdoo dqg srru

uxudo krxvhkrog1 Wkh w|slfdo qrq0djulfxowxudo zdjh zrunhu/ rq wkh rwkhu kdqg/ lv pdoh ru
ihpdoh/ ehwzhhq 58 dqg 83 |hduv/ dqg iurp d vpdoo dqg zhdowk| xuedq idup krxvhkrog1
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zklfk duh= Djulfxowxudo r�0idup zrun dqg qrq0djulfxowxudo r�0idup zrun1
Pruh vshfl�fdoo|/ dq lqglylgxdo lv frqvlghuhg dv sduwlflsdwlqj sulpdulo| lq/
vd|/ djulfxowxudo r�0idup zrun/ li wklv zdv hlwkhu klv sulpdu| ru vhfrqgdu|
zrun dfwlylw| lq wkh odvw zhhn � jlyhq wkdw qrq0djulfxowxudo r�0idup zrun
zdv qrw wkh sulpdu| dfwlylw|1 Kh lv frqvlghuhg dv qrw sduwlflsdwlqj lq dq| ri
wkh dfwlylwlhv/ li qrqh ri wkhp zdv wkh sulpdu| ru wkh vhfrqgdu| dfwlylw|143

Wkh fkrlfh ri h{sodqdwru| yduldeohv lv edvhg rq wkh wkhruhwlfdo glvfxv0
vlrq lq Vhfwlrq 5 dqg rq suhylrxv �qglqjv lq uhodwhg vwxglhv1 Wkh yduldeohv
duh jurxshg lqwr= l, lqglylgxdo yduldeohv/ fdswxulqj lqglylgxdo fkdudfwhulv0
wlfv +kxpdq fdslwdo,> ll, krxvhkrog yduldeohv/ fdswxulqj vxppdu| vwdwlvwlfv
ri krxvhkrogv phpehuv> lll, uhjlrqdo yduldeohv/ fdswxulqj orfdo gl�huhqfhv lq
djulfxowxudo dqg hqwhusulvh sur�wdelolw| wrjhwkhu zlwk orfdo oderxu0pdunhw
frqglwlrqv> dqg ly, djulfxowxudo yduldeohv1 Vxppdu| vwdwlvwlfv duh surylghg
lq Wdeoh LL1

Lqglylgxdo yduldeohv= Pdoh/ khdg/ dqg vsrxvh duh lqglfdwru yduldeohv wdnlqj
wkh ydoxh rqh li wkh shuvrq lv d pdoh/ wkh krxvhkrog khdg/ dqg wkh vsrxvh
ri wkh khdg/ uhvshfwlyho|1 Djh jlyhv wkh djh ri wkh lqglylgxdo lq |hduv/ dqg
hgxfdwlrq lv dq lpsxwhg phdvxuh ri frpsohwhg |hduv ri lqglylgxdo hgxfdwlrq144

Krxvhkrog yduldeohv= Djh ri khdg jlyhv wkh djh ri wkh krxvhkrog khdg
lq |hduv1 Wkh yduldeoh lv xvhg dv d sur{| iru ryhudoo krxvhkrog dqg idup
h{shulhqfh1 D zlgh udqjh ri rwkhu vxppdu| yduldeohv zhuh wulhg rxw exw
irxqg lqvljql�fdqw/ dv zloo eh glvfxvvhg ehorz1

Uhjlrqdo yduldeohv= Uxudo wdnhv wkh ydoxh rqh li wkh krxvhkrog olyhv lq
d uxudo duhd> urdg dffhvv wdnhv wkh ydoxh rqh li wkh krph fdq eh dffhvvhg
gluhfwo| e| hlwkhu d urdg ru d wudlo> dqg hohfwulflw| lv d gxpp| iru zkhwkhu
wkh krxvhkrog kdv hohfwulflw| lq wkh krph1 Djdlq/ d qxpehu ri dgglwlrqdo
yduldeohv zhuh wulhg rxw1

Lq rughu wr h{dplqh wkh uroh ri odqg dqg idup0fdslwdo pdunhwv lq wkh r�0
idup sduwlflsdwlrq ghflvlrq/ wkh yduldeohv odqg vl}h dqg fdslwdo duh lqfoxghg1
Odqg vl}h jlyhv wkh vl}h ri wkh krxvhkrog idup lq pdq}dqdv shu dgxow krxvh0
krog phpehu/ dqg fdslwdo phdvxuhv wkh ydoxh ri sk|vlfdo idup fdslwdo/ vxfk
dv htxlsphqw dqg lqvwdoodwlrqv/ lq Föugredv145

43Qrwh wkdw wklv fodvvl�fdwlrq ri uhjlphv fruuhvsrqgv wr wkh rqh xvhg lq wkh uljkw sduw
ri Wdeoh L1

44Wkh yduldeoh hgxfdwlrq lv lpsxwhg dv lq Fruudo dqg Uhdugrq +5334,1 Frpsohwhg
suhvfkrro zdv dvvrfldwhg zlwk 6 |hduv> sulpdu| vfkrro/ 9 |hduv> vhfrqgdu| vfkrro/ 44 |hduv>
edvlf whfkqlfdo vfkrro/ 9 |hduv> plggoh whfkqlfdo vfkrro/ < |hduv> vxshulru whfkqlfdo vfkrro/
45 |hduv> dqg xqlyhuvlw|/ 49 |hduv1 Wr wkhvh |hduv/ wkh qxpehu ri frpsohwhg |hduv dw wkh
fxuuhqw hgxfdwlrq ohyho zdv dgghg1

454 pdq}dqd lv dssur{lpdwho| htxdo wr 31: khfwduh/ dqg 4 Föugred @ 4315; XV ' dv ri
Dsulo 4/ 4<<;1
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Vlqfh revhuydwlrqv rq �dffhvv wr fuhglw� duh qrw dydlodeoh/ revhuydwlrqv
rq �xvh ri fuhglw� duh uholhg rq lqvwhdg1 Li fuhglw0pdunhw idloxuhv suhyhqw
vrph krxvhkrogv iurp rewdlqlqj fuhglw dqg irufh wkhp wr zrun r� wkh idup/
d uhodwlrqvkls ehwzhhq xvh ri fuhglw dqg r�0idup oderxu vkrxog dulvh1

Zlwk uhvshfw wr ulvn/ revhuydwlrqv rq suhihuhqfhv +ulvn dyhuvlrq,/ lqkhuhqw
idup ulvn/ frvw ri furs glyhuvl�fdwlrq/ dqg uhdolvhg vkrfnv zrxog eh rswlpdo
iurp d wkhruhwlfdo srlqw ri ylhz1 Suhylrxv vwxglhv edvhg rq sdqho gdwd kdyh
xvhg phdvxuhv ri klvwrulfdo udlqidoo yduldelolw| lq gl�huhqw uhjlrqv/ dv lq Urvh
+5334,/ ru klvwrulfdo rq0idup lqfrph yduldelolw|/ dv lq Plvkud dqg Jrrgzlq
+4<<:,/ wr phdvxuh wkh lqkhuhqw idup ulvn146 Lq dgglwlrq/ Urvh +5334, xvhg
|hduo| revhuydwlrqv rq udlqidoo wr dgguhvv h{0srvw uhvsrqvhv wr ulvn1 Wkh
furvv0vhfwlrqdo qdwxuh ri wkh suhvhqw gdwd grhv qrw doorz iru wkh frqvwuxfwlrq
ri vxfk phdvxuhv/ qru grhv lw doorz iru d glvwlqfwlrq ehwzhhq h{0dqwh dqg
h{0srvw uhvsrqvhv dv lq Urvh +5334,1 Lqvwhdg/ wkh dssurdfk wdnhq lv wr xvh d
phdvxuh ri rq0idup furs glyhuvl�fdwlrq dv d sur{| iru frvw ri glyhuvl�fdwlrq1
Krxvhkrogv zlwk kljk frvw ri furs glyhuvl�fdwlrq zloo glyhuvli| ohvv dqg xvh
r�0idup zrun dv dq dowhuqdwlyh phdqv ri glyhuvli|lqj ulvn1

Wkh furs glyhuvl�fdwlrq lqgh{ lv frpsxwhg dv dq lqyhuvh Vlpsvrq lqgh{=

SoJR _��eor�s�S@|�J?� '
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� ?�

zkhuh ?� lv wkh qxpehu ri gl�huhqw fursv kduyhvwhg e| krxvhkrog � ryhu wkh
odvw wzhoyh prqwkv/ ^�r lv wkh ydoxh ri furs r/ dqg ^� '

S
?�

r'�
^�r1 Wkh udqjh ri

wkh lqgh{ lv d�c ?�o1 D kljkhu qxpehu ri fursv dqg2ru pruh htxdoo| glvwulexwhg
lqfrph ehwzhhq fursv zloo fdxvh d kljkhu ydoxh ri wkh lqgh{147

Wkh gdwd grhv qrw doorz xv wr lqihu gl�huhqwldo frvwv ri xvlqj frpprg0
lw| pdunhwv dfurvv krxvhkrogv1 Lqvwhdg/ d phdvxuh ri pdunhw lqwhjudwlrq lv
frqvwuxfwhg wr dqdo|vh wkh srwhqwldo uroh ri frpprglw|0pdunhw idloxuhv lq
vkdslqj r�0idup ehkdylrxu1 Wkh yduldeoh pdunhwhg vkduh jlyhv wkh ydoxh ri
pdunhwhg fursv uhodwlyh wr wkh wrwdo ydoxh ri surgxfhg fursv e| wkh krxvhkrog1

46D voljkwo| gl�huhqw dssurdfk wdnhq e| Ndqzdu +4<<<, lv wr xvh d sdqho wr hvwlpdwh d

idup surgxfwlrq ixqfwlrq iurp zklfk wr rewdlq d phdvxuh ri wkh frqglwlrqdo yduldqfh ri

idup lqfrph1
47Vxfk d phdvxuh kdv suhylrxvo| ehhq xvhg e| h1j1 Ydoglyld/ Gxqq/ dqg Mhwwì +4<<9,

lq wkh fdvh ri Erolyldq krxvhkrogv wr frpsxwh d phdvxuh ri krxvhkrog glyhuvl�fdwlrq ryhu

doo w|shv ri lqfrph1 Wr frqvwuxfw wkh lqgh{/ ydoxhv ri wkh gl�huhqw fursv kduyhvwhg e|

krxvhkrogv duh qhhghg1 Wkh vxuyh| froohfwhg lqirupdwlrq rq erwk wkh pdunhwhg dqg qrq0

pdunhwhg dprxqwv ri fursv iru hdfk krxvhkrog/ exw ydoxhv zhuh rqo| uhsruwhg iru wkh

pdunhwhg fursv1 Khqfh/ revhuyhg ydoxhv ri pdunhwhg fursv duh xvhg wr frqvwuxfw dyhudjh

sulfhv ri fursv1 Wkhvh duh vxevhtxhqwo| xvhg wr frpsxwh wkh ydoxhv ri wkh qrq0pdunhwhg

fursv1 Krxvhkrogv duh doorzhg wr uhsruw d pd{lpxp ri 47 gl�huhqw kduyhvwhg fursv/

wkhuhe| lq sudfwlfh erxqglqj furs glyhuvl�fdwlrq iurp deryh e| 471
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Wkh lghd lv wkdw krxvhkrogv zlwk kljkhu frvwv ri xvlqj frpprglw| pdunhwv
zloo kdyh d orzhu pdunhwhg vkduh1

Lq Qlfdudjxd/ wkh djulfxowxudo |hdu frqvlvwv ri wkuhh fursslqj vhdvrqv=
Sulphud vwduwv zlwk wkh rqvhw ri wkh �uvw sduw ri wkh udlq| vhdvrq lq Mxqh
dqg odvwv xqwlo Mxo|2Dxjxvw zkhuh fursv duh kduyhvwhg1 Srvwuhud odvwv iurp
wkh ehjlqqlqj ri Vhswhpehu zkhuh wkh vhfrqg sduw ri wkh udlq| vhdvrq ehjlqv
dqg xqwlo Qryhpehu2Ghfhpehu1 Wkh odvw fursslqj vhdvrq/ Dsdqwh/ uxqv iurp
Ghfhpehu wr Pdufk2Dsulo/ exw surgxfwlrq lq wklv f|foh fdq rqo| wdnh sodfh
lq vrph duhdv ri wkh hdvwhuq dqg fhqwudo }rqhv1 Lq wkh fdvh ri Qlfdudjxd/
djulfxowxudo dfwlylw| pxvw wkhuhiruh eh h{shfwhg wr eh prvw lqwhqvlyh iurp
Mxqh wr Ghfhpehu1 Wr fdswxuh vhdvrqdo  xfwxdwlrqv/ dq lqglfdwru yduldeoh/
udlq| vhdvrq/ wkdw wdnhv wkh ydoxh 3 li wkh lqwhuylhz wrrn sodfh lq Dsulo dqg
Pd|/ dqg wkh ydoxh 4 li lw wrrn sodfh lq Mxqh/ Mxo|/ Dxjxvw/ ru Vhswhpehu lv
lqfoxghg1

Wkh ydulrxv odqg uhirupv xqghu wkh Vdqglqlvw jryhuqphqw lq wkh 4<;3v
dqg wkh vxevhtxhqw ohjdo glvsxwhv ryhu odqg uljkwv ehwzhhq iruphu rzqhuv dqg
fxuuhqw xvhuv ri wkh odqg kdyh fuhdwhg d kljko| xqfhuwdlq odqg0uljkwv vlwxdwlrq/
zkhuh pdq| shdvdqwv odfn irupdo fodlpv rq wkhlu odqg148 Wr lqyhvwljdwh wkh
h�hfwv ri xqfhuwdlq surshuw| uljkwv/ wkh gxpp| yduldeoh surshuw| uljkw wdnhv
wkh ydoxh rqh li wkh krxvhkrog krogv vrph irupdo grfxphqw ri rzqhuvkls
rq wkhlu odqg dqg li wklv grfxphqw lv uhfrughg lq wkh sxeolf uhjlvwhu1 Lq
rughu wr glvwlqjxlvk ehwzhhq wkh lqyhvwphqw/ fuhglw dqg gluhfw oderxu h�hfwv
ri xqfhuwdlq surshuw| uljkwv/ dv glvfxvvhg lq Vhfwlrq 5/ phdvxuhv ri irupdo
fuhglw xvh duh lqfoxghg1 Lq dgglwlrq/ sk|vlfdo idup fdslwdo lv frqwuroohg iru
yld fdslwdo1

8 Uhvxowv

Hvwlpdwlrq uhvxowv duh suhvhqwhg lq Wdeoh LLL1 D odujh dprxqw ri gl�huhqw
vshfl�fdwlrqv zhuh hvwlpdwhg dorqj wkh zd|/ dv zloo eh glvfxvvhg ehorz1 Wkh
Wdeoh suhvhqwv rqo| wkh uhvxowlqj suhihuuhg vshfl�fdwlrq/ zkhuh doo lqvljql�0
fdqw yduldeohv kdyh ehhq ohiw rxw1 Wkh lqfoxvlrq2h{foxvlrq ri wkhvh yduldeohv
grhv qrw d�hfw wkh hvwlpdwhg frh!flhqwv ri wkh lqfoxghg yduldeohv1

Lq Wdeoh LLL/ erwk wkh hvwlpdwhg frh!flhqwv/ wkh q*v/ dqg wkh �uhodwlyh
ulvnv� duh uhsruwhg1 Wkh uhodwlyh ulvn phdvxuh lv rqo| uhohydqw li wkh vwdqgdug
pxowlqrpldo orjlw lqwhusuhwdwlrq lv dssolhg1 Wkh phdvxuh lv frpsxwhg dv wkh
h{srqhqwldo ydoxh ri wkh hvwlpdwhg frh!flhqw/ dqg lw jlyhv wkh fkdqjh lq wkh
uhodwlyh suredelolw| ri wkh dowhuqdwlyh +uhodwlyh wr wkh uhihuhqfh dowhuqdwlyh/
zklfk lq wklv fdvh lv qr sduwlflsdwlrq lq r�0idup zrun, iru d rqh xqlw lqfuhdvh

48Vhh h1j1 Fruudo +4<<<, iru d ghvfulswlrq ri wkh uhirupv dqg wkh frq lfwv1
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lq wkh h{sodqdwru| yduldeoh/ l1h1 wkh fkdqjh lq �rggv�1 Lq wkh iroorzlqj/ dq
lqwhusuhwdwlrq ri wkh frh!flhqwv lq whupv ri wkh oderxu vxsso| ixqfwlrqv lv
r�huhg1

Wkh �uvw wklqj wr qrwh iurp Wdeoh LLL lv wkh vljql�fdqfh ri wkh yduldqfh
ri wkh udqgrp krxvhkrog h�hfw1 Wklv mxvwl�hv wkh xvh ri d udqgrp h�hfwv
prgho1

Zlwk uhvshfw wr wkh lqglylgxdo yduldeohv/ ehlqj d pdoh lv irxqg wr vlj0
ql�fdqwo| lqfuhdvh djulfxowxudo r�0idup oderxu/ zkhuhdv lw kdv qr h�hfw rq
qrq0djulfxowxudo oderxu1 Vlplodu uhvxowv duh irxqg e| gh Mdqyu| dqg Vdgrxohw
+5334, dqg Uxehq dqg ydq ghq Ehuj +5334, iru Ph{lfr dqg Krqgxudv1 Djh

kdv d frqfdyh h�hfw rq oderxu vxsso| wr erwk r�0idup dfwlylwlhv/ lpso|0
lqj wkdw erwk djulfxowxudo dqg qrq0djulfxowxudo zdjh zrun duh pd{lplvhg
dw dssur{lpdwho| 77 |hduv ri djh1 Hgxfdwlrq lqfuhdvhv qrq0djulfxowxudo r�0
idup zrun exw grhv qrw d�hfw djulfxowxudo r�0idup zrun vljql�fdqwo|1 Wkxv/
djh dqg vh{ duh lqwhusuhwhg dv lpsruwdqw ghwhuplqdqwv ri uhwxuqv wr djul0
fxowxudo zdjh zrun/ zkhuhdv djh dqg hgxfdwlrq duh pruh lpsruwdqw iru wkh
qrq0djulfxowxudo zdjh1 Ilqdoo|/ ehlqj wkh khdg ru wkh vsrxvh lv irxqg wr qhj0
dwlyho| d�hfw erwk w|shv ri zrun1 Wklv lv suredeo| ehfdxvh wkh khdg dqg
wkh vsrxvh xqghuwdnh vshfldo ixqfwlrqv lq idup dqg rzq0hqwhusulvh zrun dqg
wkhuhiruh idfh uhodwlyho| kljkhu pdujlqdo uhwxuqv lq wkhvh dfwlylwlhv1

Wxuqlqj wr krxvhkrog fkdudfwhulvwlfv/ rqo| djh ri khdg zdv irxqg wr eh
vljql�fdqw1 Lqwhusuhwlqj wklv yduldeoh dv d sur{| iru idup h{shulhqfh/ krxvh0
krogv zlwk ohvv h{shulhqfh dqg khqfh d orzhu uhwxuq wr djulfxowxuh duh pruh
lqfolqhg wrzdugv qrq0djulfxowxudo r�0idup zrun1 D ydvw qxpehu ri dgglwlrqdo
krxvhkrog vxppdu| vwdwlvwlfv zhuh lqfoxghg lq hduo| hvwlpdwlrqv/ lqfoxglqj
dyhudjh hgxfdwlrq/ djh/ dqg phdvxuhv ri krxvhkrog frpsrvlwlrq1 Qrqh ri
wkhvh zhuh irxqg wr d�hfw wkh uhvxowv1

Ri wkh uhjlrqdo yduldeohv/ lqiudvwuxfwxuh dv fdswxuhg e| urdg dffhvv dqg
hohfwulflw| krrn0xs duh srvlwlyho| fruuhodwhg zlwk r�0idup zrun1 Wklv lv lq0
whusuhwhg dv pruh ghyhorshg duhdv kdylqj pruh +hvshfldoo| qrq0djulfxowxudo,
r�0idup rssruwxqlwlhv> shukdsv d pruh ghyhorshg orfdo oderxu pdunhw zlwk
uhgxfhg frvw ri vhdufklqj iru hpsor|phqw1 Olylqj lq d uxudo duhd lqfuhdvhv
djulfxowxudo zdjh zrun dqg ghfuhdvhv qrq0djulfxowxudo zdjh zrun1 Djdlq/ wklv
lv wdnhq dv hylghqfh ri ydu|lqj orfdo oderxu pdunhw frqglwlrqv zlwk ehwwhu rs0
sruwxqlwlhv iru djulfxowxudo zdjh zrun lq d uxudo duhd dqg qrq0djulfxowxudo
zrun lq dq xuedq duhd1 Ghfrpsrvlqj wkh uxudo yduldeoh lqwr �qhu uhjlrqdo
phdvxuhv glg qrw dgg dq|wklqj1 Wklv zdv vrphzkdw vxusulvlqj/ ehdulqj lq
plqg wkh kxjh lqiudvwuxfwxudo dqg folpdwlf yduldwlrqv dfurvv wkh frxqwu|1
Rwkhu phdvxuhv ri orfdo frqglwlrqv/ vxfk dv glvwdqfhv wr ydulrxv orfdwlrqv
dqg orfdo dydlodelolw| ri whfkqlfdo dvvlvwdqfh/ zhuh lqfoxghg dw hduolhu vwdjhv
exw glg qrw kdyh dq| h�hfw rq wkh uhvxowv1
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Wkhvh �qglqjv doo vhhp xqfrqwuryhuvldo dqg uhodwh zhoo wr suhylrxv vwxglhv
ri Qlfdudjxd/ vhh Fruudo dqg Uhdugrq +5334,/ dqg rwkhu frxqwulhv dqg uhjlrqv/
vhh h1j1 wkh vxuyh|v lq Uhdugrq/ Ehughjxì/ dqg Hvfredu +5334, dqg Uhdugrq/
Vwdprxolv/ Edolvdfdq/ Fux}/ Ehughjxì/ dqg Edqnv +4<<;,1

Qrz/ irfxvlqj rq wkh djulfxowxudo yduldeohv/ wkh uhvxowv lq Wdeoh LLL vxj0
jhvw wkdw lqglylgxdov iurp krxvhkrogv zlwk d vpdoohu odqg vl}h dqg ohvv fdslwdo
zrun pruh rxwvlgh wkh idup1 Wklv vxssruwv wkh udz �jxuhv lq Wdeoh L149 Vlp0
lodu uhvxowv kdyh ehhq irxqg e| h1j1 Uxehq dqg ydq ghq Ehuj +5334, lq wkh
fdvh ri Krqgxudv dqg Hoehuv dqg Odqmrxz +5334, iru Hfxdgru/ lq dgglwlrq wr
hduo| vwxglhv e| Edugkdq +4<:<, dqg Urvhq}zhlj +4<;3, xvlqj Lqgldq gdwd1
Qrwh/ krzhyhu/ wkdw wkhvh uhvxowv pxvw eh lqwhusuhwhg zlwk vrph fdxwlrq1 Li
wkh vlpsoh fruuhodwlrq ehwzhhq odqg vl}h dqg wkh dprxqw ri r�0idup zrun lv
frqvlghuhg/ d qhjdwlyh uhodwlrqvkls pxvw eh h{shfwhg wr hphujh/ hyhq lq wkh
fdvh ri shuihfwo| ixqfwlrqlqj odqg pdunhwv1 Krxvhkrogv wkdw kdyh d frpsdu0
dwlyh dgydqwdjh lq r�0idup zrun/ shukdsv gxh wr kljko| hgxfdwhg phpehuv/
zloo dovr prvw olnho| fkrrvh wr rshudwh d vpdoohu idup1 Khqfh/ vlpso| re0
vhuylqj d qhjdwlyh uhodwlrqvkls grhv qrw pdnh odqg d ghwhuplqdqw ri r�0idup
oderxu vxsso|1 Erwk r�0idup zrun dqg wkh rshudwlrqdo odqg vl}h pljkw eh gh0
whuplqhg e| wkh xqghuo|lqj lqglylgxdo dqg krxvhkrog fkdudfwhulvwlfv1 Rqo| li
lw lv eholhyhg wkdw wkhuh kdv ehhq frqwuroohg dssursuldwho| iru lqglylgxdo dqg
krxvhkrog fkdudfwhulvwlfv/ fdq d qhjdwlyh uhodwlrqvkls eh wdnhq dv dq lqglfd0
wlrq ri d dq h�hfw ri frqvwudlqhg dffhvv wr fdslwdo dqg odqg iru vrph iduphuv1
Wkh suhvhqw vwxg| kdv h{solflwo| dwwhpswhg wr gr vr e| lqfoxglqj udqgrp
krxvhkrog h�hfwv dqg d zlgh udqjh ri lqglylgxdo dqg krxvhkrog yduldeohv eh0
iruh dvvhvvlqj wkh uroh ri djulfxowxudo frqglwlrqv1 Krshixoo|/ pruh frq�ghqfh
fdq wkhuhiruh eh sxw lq wkh suhvhqw uhvxowv wkdq lq suhylrxv �qglqjv1

Wkh qhjdwlyh uhodwlrqvklsv ehwzhhq odqg dqg fdslwdo rq wkh rqh kdqg dqg
r�0idup zrun rq wkh rwkhu frxog ri frxuvh dovr hphujh dv d frqvhtxhqfh ri
fuhglw pdunhw frqvwudlqwv1 Krzhyhu/ qrqh ri wkh lqfoxghg fuhglw yduldeohv
wxuqhg rxw wr kdyh dq| h{sodqdwru| srzhu dqg glg qrw d�hfw wkh frh!flhqwv
rq odqg vl}h dqg fdslwdo1 Khqfh/ gl�huhqwldo xvh ri fuhglw frxog qrw h{sodlq
zk| vpdoo iduphuv zrun pruh r� wkh idup14:

Wkh idfw wkdw wkh frh!flhqw rq furs glyhuvl�fdwlrq lv vljql�fdqwo| qhjd0

49Lq wkh uhjuhvvlrqv/ wkh qdwxudo orjdulwkp ri odqg vl}h zdv xvhg ehfdxvh ri odujh rxwolhuv
lq wkh vdpsoh/ dqg ehfdxvh wkh lqglfdwhg uhodwlrqvkls ehwzhhq odqg vl}h dqg r�0idup
sduwlflsdwlrq lq Wdeoh L vhhpv wr uhyhdo d qrq0olqhdu sdwwhuq zklfk frxog eh fdswxuhg e|
xvlqj oq+odqg vl}h,1

4:Dv deryh/ lw lv lpsruwdqw wr glvwlqjxlvk ehwzhhq wkh h�hfwv fdxvhg e| lqglylgxdo dqg
krxvhkrog fkdudfwhulvwlfv dqg wkrvh fdxvhg e| pdunhw idloxuhv1 Krxvhkrogv zlwk d vpdoohu
frpsdudwlyh dgydqwdjh lq iduplqj pljkw dovr eh wkh krxvhkrogv wkdw fkrrvh wr eruurz
ohvv1
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wlyh zlwk uhvshfw wr djulfxowxudo r�0idup zrun lqglfdwhv wkdw wklv dfwlylw| lv
xvhg dv d phdqv ri glyhuvli|lqj lqfrph ulvn1 Wkrvh krxvhkrogv wkdw glyhuvli|
ohvv lq idup surgxfwlrq glyhuvli| pruh wkurxjk r�0idup zrun1 Dv phqwlrqhg
lq Vhfwlrq 5/ wklv h�hfw lv k|srwkhvlvhg wr zrun wkurxjk gl�huhqwldo frvwv ri
glyhuvl�fdwlrq1 Krxvhkrogv zlwk kljk frvwv zloo glyhuvli| ohvv dqg suhihu wr
xvh r�0idup zrun dv d vwdelolvlqj ghylfh1

Li gl�huhqfhv lq ulvn dyhuvlrq dqg ru lqkhuhqw idup ulvn zhuh pruh lpsru0
wdqw ghwhuplqdqwv ri ulvn ehkdylrxu/ rqh zrxog h{shfw d srvlwlyh uhodwlrq0
vkls ehwzhhq furs glyhuvl�fdwlrq dqg r�0idup zrun wr dsshdu1 Ulvn dyhuvh
krxvhkrogv ru krxvhkrogv idflqj kljk xqfhuwdlqw| zrxog glyhuvli| pruh +lq
doo gluhfwlrqv, wkdq rwkhu krxvhkrogv14; Krzhyhu/ lw fdqqrw eh uxohg rxw wkdw
h{0srvw uhdfwlrqv wr vkrfnv duh dovr wr vrph h{whqw fdswxuhg e| furs glyhu0

vl�fdwlrq1 Qhjdwlyh vkrfnv wr vrph fursv zloo uhvxow lq d orzhu ydoxh ri wkh
lqgh{/ dqg rqh zrxog h{shfw wkdw krxvhkrogv h{shulhqflqj dgyhuvh vkrfnv
zrxog wu| wr frpshqvdwh wkurxjk r�0idup zrun14<

Lq vxp/ r�0idup zrun vhhpv wr eh dq lpsruwdqw frpsrqhqw ri ulvn pdq0
djhphqw vwudwhjlhv ri djulfxowxudo krxvhkrogv1 Wklv vxssruwv h{lvwlqj hyl0
ghqfh iru Lqgld/ dv irxqg e| Vdkd +4<<7,/ Nrfkdu +4<<<,/ dqg Urvh +5334,/
dqg iru wkh XV/ dv grfxphqwhg lq Vxpqhu +4<;5,/ Plvkud dqg Jrrgzlq
+4<<:,/ dqg Plvkud dqg Jrrgzlq +4<<;,1 Vr idu/ krzhyhu/ hylghqfh iru rwkhu
frxqwulhv/ lq sduwlfxodu ohvv ghyhorshg frxqwulhv/ kdv qrw ehhq dydlodeoh1

Djulfxowxudo r�0idup zrun lv dovr irxqg wr eh qhjdwlyho| fruuhodwhg zlwk
pdunhwhg vkduh1 Wkdw lv/ lqglylgxdov iurp krxvhkrogv wkdw pdunhw d odujhu
vkduh ri wkhlu fursv sduwlflsdwh ohvv lq r�0idup zrun1 Wkrxjk wklv grhv qrw
gluhfwo| lpso| dq|wklqj derxw wkh lpshuihfw ixqfwlrqlqj ri frpprglw| pdu0
nhwv/ lw lqglfdwhv wkdw r�0idup zrun lv wudghg r� djdlqvw fdvk furs surgxfwlrq
dv d phdqv ri jhqhudwlqj oltxlglw|1 Wkh dxwkruv duh qrw dzduh ri dq| uhodwhg
hpslulfdo hylghqfh ri wklv uhvxow153

Ixuwkhupruh/ erwk djulfxowxudo dqg qrq0djulfxowxudo r�0idup zrun duh
irxqg wr eh orzhu gxulqj wkh udlq| vhdvrq zkhuh lqsxw uhtxluhphqwv rq wkh
idplo| idup duh kljkhu1 Lw lv d elw vxusulvlqj wkdw dovr djulfxowxudo zdjh
zrun lv orzhu lq wkh gu| vhdvrq/ zkhuh djulfxowxudo oderxu ghpdqg pxvw eh

4;Lq wkh fdvh ri shuihfw pdunhwv/ rq wkh rwkhu kdqg/ rqh zrxog qrw h{shfw d uhodwlrqvkls
wr hphujh1

4<Lq rughu wr dwwhpsw wr glvwlqjxlvk ehwzhhq h{0dqwh uhvsrqvhv gxh wr frvw gl�huhqfhv
dqg h{0srvw uhvsrqvhv gxh wr uhdolvhg vkrfnv/ d txdolwdwlyh phdvxuh ri h{shulhqfhg qhjdwlyh
vkrfnv wr surgxfwlrq zhuh lqfoxghg lq wkh uhjuhvvlrq1 Lw wxuqhg rxw wr kdyh qr h�hfw rq
wkh uhvxowv1

53Dq dowhuqdwlyh h{sodqdwlrq pljkw eh wkdw odujhu idupv lq jhqhudo pdunhw d odujhu vkduh
ri wkhlu surgxfwlrq1 Khqfh/ wkh uhodwlrqvkls ehwzhhq pdunhwhg vkduh dqg r�0idup zrun
frxog dfwxdoo| eh d uhodwlrqvkls ehwzhhq idup vl}h dqg pdunhwhg vkduh1 Krzhyhu/ vlqfh
odqg vl}h lv douhdg| lqfoxghg lq wkh uhjuhvvlrq/ wklv srvvlelolw| vhhpv xqolnho|1
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h{shfwhg wr eh kljkhu1 Wkh uhvxowv wkhuhiruh vwurqjo| vxssruw wkh lghd wkdw
r�0idup zrun lv xvhg wr vprrwk oderxu vxsso| ryhu wkh |hdu1

Ilqdoo|/ ohjdo uljkwv duh qhjdwlyho| fruuhodwhg zlwk r�0idup zrun1 Vlqfh
frqwuroolqj iru fuhglw dqg fdslwdo grhv qrw fkdqjh wklv/ wkh qhjdwlyh frh!0
flhqw rq surshuw| uljkw lv lqwhusuhwhg dv d gluhfw oderxu h�hfw1 Krxvhkrogv
zlwk xqfhuwdlq surshuw| uljkwv vshqg ohvv wlph lq dfwlylwlhv vxfk dv odqg dqg
sodqw pdlqwhqdqfh wkdw lqfuhdvh wkh ydoxh dqg surgxfwlylw| ri wkh idup1 Wklv
lqwhusuhwdwlrq lv vxssruwhg e| dgglwlrqdo hylghqfh iurp wkh vxuyh|= Dprqj
wkrvh krxvhkrogv wkdw glg qrw krog dq| grfxphqw rq wkhlu odqg/ be�DI lqgl0
fdwhg wkdw wkh| zrxog suhihu kdylqj d grfxphqw1 Rxw ri wkhvh/ .���I vdlg
wkdw lw zdv gxh wr vhfxulw| uhdvrqv/ zkhuhdv rqo| �e�bI vdlg wkdw lw zdv lq
rughu wr lpsuryh wkhlu dffhvv wr fuhglw1

Suhylrxv vwxglhv kdyh irfxvhg doprvw h{foxvlyho| rq wkh h�hfwv ri surshuw|
uljkwv rq fdslwdo lqyhvwphqwv/ vhh h1j1 Fduwhu dqg Rolqwr +5333,/ zkhuh wkh
hylghqfh kdv ehhq pl{hg1 Lq d uhfhqw vwxg| ri wkh qruwkzhvwhuq uhjlrq ri
Qlfdudjxd/ Irow}/ Oduvrq/ dqg Orsh} +5333, irxqg wkdw xqfhuwdlq surshuw|
uljkwv srvlwlyho| lq xhqfhg r�0idup lqfrph/ zkhuhdv wkh| zhuh xqdeoh wr �qg
dq| h�hfw rq sk|vlfdo lqyhvwphqwv1 Wkh uhvxowv ri wkh suhvhqw sdshu surylghv
d srvvleoh lqwhusuhwdwlrq ri wkhlu uhvxow1

Lq vxp/ wkhuh duh fohdu fxw gl�huhqfhv ehwzhhq wkh ghwhuplqdqwv ri djulfxo0
wxudo dqg qrq0djulfxowxudo r�0idup zrun1 Zkhuhdv qrqdjulfxowxudo r�0idup
zrun vhhpv wr eh odujho| ghwhuplqhg e| frpsdudwlyh dgydqwdjhv vxfk dv hgx0
fdwlrq/ djh/ dqg lqiudvwuxfwxuh/ wkhuh lv frqvlghudeoh hylghqfh vxssruwlqj wkh
k|srwkhvlv wkdw djulfxowxudo r�0idup zrun vhuyhv dq lpsruwdqw uroh lq plwl0
jdwlqj ydulrxv xqiruwxqdwh djulfxowxudo frqglwlrqv1 Lw vhhpv dv li djulfxowxudo
r�0idup zrun lv xvhg erwk wr pdqdjh ulvn/ jhqhudwh oltxlglw|/ frpshqvdwh iru
lqvhfxuh surshuw| uljkwv/ dqg shukdsv dovr wr ryhufrph lqsxw frqvwudlqwv lq
odqg dqg fdslwdo pdunhwv1

Wkh idfw wkdw djulfxowxudo dqg qrq0djulfxowxudo r�0idup zrun lv d�hfwhg
gl�huhqwo| e| djulfxowxudo frqglwlrqv lv lqwhusuhwhg dv iroorzv= Krxvhkrogv
wkdw kdyh d frpsdudwlyh dgydqwdjh lq djulfxowxuh duh dovr wkrvh krxvhkrogv
d�hfwhg e| lpshuihfw djulfxowxudo frqglwlrqv vxfk dv plvvlqj pdunhwv/ kljk
ulvn/ dqg lpshuihfw surshuw| uljkwv1 Khqfh/ wkhvh krxvhkrogv wu| wr frpshq0
vdwh wkurxjk r�0idup zrun1 Exw kdylqj d frpsdudwlyh dgydqwdjh lq djulfxo0
wxuh/ wkh| wxuq wr djulfxowxudo zdjh zrun1

Doo ri wkhvh �qglqjv wxuqhg rxw wr eh h{wuhpho| urexvw wr fkdqjhv lq
wkh lqglylgxdo dqg krxvhkrog yduldeohv lqfoxghg lq wkh prgho1 Ixuwkhupruh/
lqfoxglqj dq h{wud dfwlylw| vxfk dv rzq0hqwhusulvh zrun glg qrw d�hfw wkh
sdudphwhu hvwlpdwhv ri wkh douhdg| lqfoxghg dfwlylwlhv/ vxssruwlqj wkh ur0
exvwqhvv dqg ydolglw| ri wkh prgho1
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9 Frqfoxvlrq

Wkh sxusrvh ri wklv sdshu kdv ehhq wr dqdo|vh wkh ghwhuplqdqwv ri r�0idup
oderxu dfwlylwlhv e| djulfxowxudo krxvhkrogv lq Qlfdudjxd1 Wkh sdshu kdv
vlpxowdqhrxvo| lqyhvwljdwhg d qxpehu ri k|srwkhvhv derxw wkh uroh ri gli0
ihuhqw djulfxowxudo frqglwlrqv lq vkdslqj r�0idup oderxu vxsso|/ frpsdulqj
wkhlu h�hfwv wr wkrvh ri xqghuo|lqj frpsdudwlyh dgydqwdjhv ri lqglylgxdov dqg
krxvhkrogv1

Lqlwldoo|/ oderxu vxsso| ixqfwlrqv iru d udqjh ri dfwlylwlhv zhuh ghulyhg
iurp d wkhruhwlfdo djulfxowxudo krxvhkrog prgho/ h{sodlqlqj gl�huhqfhv lq
oderxu vxsso| dprqj lqglylgxdov dv d uhvxow ri gl�huhqfhv lq wkhlu frpsdudwlyh
dgydqwdjhv1 Lw zdv wkhq frqvlghuhg krz ydulrxv djulfxowxudo frqglwlrqv/ vxfk
dv surgxfwlrq ulvn/ pdunhw idloxuhv/ dqg surshuw| uljkwv xqfhuwdlqw| zrxog
ohdg wr prgl�fdwlrqv ri wkhvh vxsso| ixqfwlrqv1

Olqhdulvhg yhuvlrqv ri wkh vxsso| ixqfwlrqv zhuh vxevhtxhqwo| xvhg iru wkh
vshfl�fdwlrq ri wkh hfrqrphwulf prgho/ zkhuh d udqgrp0h�hfwv vshfl�fdwlrq
zdv dssolhg wr dffrxqw iru xqrevhuyhg udqgrp krxvhkrog h�hfwv1 D olnholkrrg
ixqfwlrq zdv ghulyhg edvhg rq fdwhjrulfdo revhuydwlrqv rq sulpdu| oderxu
dfwlylw|/ dqg lw zdv vkrzq wkdw wkh uhvxowlqj ixqfwlrq zdv htxlydohqw wr wkdw ri
d pxowlqrpldo orjlw prgho1 Krzhyhu/ wkh udqgrp krxvhkrog h�hfwv suhyhqwhg
hvwlpdwlrq ri wkh prgho xvlqj d suhgh�qhg vwdwlvwlfdo vriwzduh surfhgxuh1
Lqvwhdg/ d uhfhqwo| ghyhorshg lghd zdv dssolhg wr uhzulwh wkh prgho dv d qrq0
olqhdu Srlvvrq prgho dqg hvwlpdwh lw lq VDV1 Wkh prgho zdv hvwlpdwhg xvlqj
gdwd iurp wkh 4<<; Olylqj Vwdqgdugv Phdvxuhphqw Vxuyh| lq Qlfdudjxd1

D jhqhudo �qglqj zdv wkdw qrq0djulfxowxudo zdjh zrun vhhpv odujho| wr
eh ghwhuplqhg e| frpsdudwlyh dgydqwdjhv/ prvw lpsruwdqwo| djh/ vwdwxv lq
wkh krxvhkrog/ hgxfdwlrq/ dqg orfdo lqiudvwuxfwxuh1 Djulfxowxudo zdjh zrun/
rq wkh rwkhu kdqg/ lv vhulrxvo| lq xhqfhg e| djulfxowxudo frqglwlrqv1 Pruh
vshfl�fdoo|/ djulfxowxudo zdjh zrun zdv irxqg wr eh xvhg e| djulfxowxudo
krxvhkrogv wr glyhuvli| ulvn lq idup surgxfwlrq/ wr vxevwlwxwh iru fdvk fursv
lq jhqhudwlqj oltxlglw|/ wr vprrwk oderxu vxsso| ryhu wkh |hdu/ dqg srvvleo| wr
vxevwlwxwh iru frqvwudlqwv lq odqg dqg fdslwdo pdunhwv1 Lq dgglwlrq/ xqfhuwdlq
surshuw| uljkwv zkhuh irxqg wr lqfuhdvh r�0idup zrun e| uhgxflqj lqfhqwlyhv
iru rq0idup oderxu lqyhvwphqwv1 Vrphzkdw vxusulvlqjo|/ fuhglw zdv qrw irxqg
wr kdyh dq h�hfw rq r�0idup zrun1 Wkhvh �qglqjv doo wxuqhg rxw wr eh
h{wuhpho| urexvw1 Lqfoxvlrq ri dgglwlrqdo lqglylgxdo dqg krxvhkrog yduldeohv
wr frqwuro iru xqghuo|lqj frpsdudwlyh dgydqwdjhv glg qrw d�hfw wkh uhvxowv1

Wkxv/ lw dsshduv wkdw lqglylgxdov kdylqj d frpsdudwlyh dgydqwdjh lq djul0
fxowxuh duh dovr wkrvh d�hfwhg qhjdwlyho| e| gl�huhqw djulfxowxudo frqglwlrqv1
Jlyhq wkhlu frpsdudwlyh dgydqwdjh lq djulfxowxuh/ wkh| wxuq wr djulfxowxudo
zdjh zrun dv wkh vroxwlrq wr wkhlu sureohpv1 Iurp d srolf| srlqw ri ylhz/
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wklv lv h{wuhpho| lpsruwdqw1 Dv dq h{dpsoh/ olplwlqj wkh ghpdqg iru djul0
fxowxudo zdjh oderxu/ h1j1 wkurxjk wkh riwhq dgyrfdwhg odqg uhirupv/ lv olnho|
wr kdyh d vljql�fdqw qhjdwlyh lpsdfw rq djulfxowxudo krxvhkrogv/ xqohvv wkh
frqglwlrqv ohdglqj wr r�0idup vxsso| duh ghdow zlwk dw wkh vdph wlph1

Wkh suhvhqw sdshu kdv dwwhpswhg wr surylgh d pruh vwuxfwxudo dqg wkh0
ruhwlfdoo| irxqghg dqdo|vlv ri r�0idup zrun wkdq kdv xvxdoo| ehhq wkh fdvh
zlwklq wkh olwhudwxuh rq r�0idup zrun1 Wklv lv kljko| lpsruwdqw li dq|wklqj
lv wr eh lqihuuhg derxw xqghuo|lqj phfkdqlvpv dqg lqfhqwlyhv1 Vwloo/ wkh dqdo0
|vlv ri wkh r�0idup zrun ghflvlrq frxog eh hyhq pruh vwuxfwxudo1 Pdujlqdo
uhwxuq ixqfwlrqv frxog eh hvwlpdwhg dorqj wkh olqhv ri Qhzpdq dqg Jhuwohu
+4<<7,/ zkloh doorzlqj iru d pruh frpsoh{ huuru vwuxfwxuh dv lq wkh suhvhqw
sdshu1 Wklv lv ohiw iru ixwxuh uhvhdufk1
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D Dsshqgl{

Wklv dsshqgl{ vkrzv wkh htxlydohqfh ehwzhhq wkh olnholkrrg ixqfwlrq ri wkh
pxowlqrpldo orjlw prgho zlwk udqgrp h�hfwv dqg wkdw ri d qrq0olqhdu Srlvvrq
prgho1 Ixuwkhupruh/ lw lv vnhwfkhg krz wklv htxlydohqfh fdq eh h{sorlwhg lq
hvwlpdwlqj wkh pxowlqrpldo prgho lq VDV1

Iurp +<,/ wkh frqwulexwlrq wr wkh orj0olnholkrrg ixqfwlrq iurp krxvhkrog
� lv jlyhq e|=

*L}O� ' *L}
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zkhuh wkh gl�huhqw uhjlphv duh lqgh{hg e| � ' fc ���c a / dqg � E|� lv wkh fkrlfh
pdgh e| lqglylgxdo |/ | ' �c ���c A�1 q&c & ' fc ���c a duh wkh sdudphwhu yhfwruv
dvvrfldwhg zlwk wkh a n � gl�huhqw uhjlphv/ zkhuh q

f
htxdov }hur1 %�| lv wkh

yhfwru ri uhjuhvvruv zklfk duh lqglylgxdo vshfl�f1 ��� lv wkh udqgrp0h�hfwv
whup/ zklfk lv frqvwdqw dfurvv lqglylgxdov iurp wkh vdph krxvhkrog1 Lw lv
dvvxphg wkdw �� ' d��������a o

� iroorzv d pxowlyduldwh qrupdo glvwulexwlrq zlwk
ghqvlw| ixqfwlrq s E���/ dqg wkdw ��f ' f1

Wkhq wxuq wr wkh qrq0olqhdu Srlvvrq prgho1 Gh�qh wkh iroorzlqj lqglfdwru
yduldeoh=

`�|� '

�
f li t�| 9' �
� li t�| ' �

L1h1 wkh yduldeoh`�|� wdnhv rq d ydoxh iru hdfk uhjlph fkrlfh wkdw lqglylgxdo |
iurp krxvhkrog � idfhv1 Wklv lqfuhdvhv wkh wrwdo qxpehu ri revhuydwlrqv zlwk
d idfwru Ea n ��1 Dvvxph wkdw=

`�|� � �J� Eb�|��
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zlwk q/ %/ dqg � gh�qhg dv deryh1 Qrz/ xvh wkh idfw wkdw li � � �J� Eb�/ wkhq
s E� ' f� ' e3b dqg s E� ' �� ' e3bb wr zulwh wkh frqglwlrqdo olnholkrrg ri
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revhuylqj `� iru krxvhkrog � dv=
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Wkh xqfrqglwlrqdo orj0olnholkrrg frqwulexwlrq ri krxvhkrog � wkhq ehfrphv=
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zkhuh O� lv jlyhq e| +<,1 Wklv lpsolhv wkdw pd{lplvlqj *L}O lv htxlydohqw wr
pd{lplvlqj *L} 	O/ dqg wkdw *L}O fdq eh irxqg e| frpsxwlqj *L} 	O dqg wkhq
dgglqj

SU

�'� A�1

Wkh dgydqwdjh ri wklv htxlydohqfh lv wkdw *L} 	O lv hdvlo| pd{lplvhg lq
VDV1 Wr gr wklv/ rqh kdv wr h{sdqg wkh gdwd vhw iurp

SU

�'� A� revhuydwlrqv

wr Ea n �� �
SU

�'� A� revhuydwlrqv/ fruuhvsrqglqj wr rqh revhuydwlrq iru hdfk
srwhqwldo fkrlfh ri hdfk lqglylgxdo/ lqvwhdg ri mxvw rqh revhuydwlrq shu lq0
glylgxdo1 Dw wkh vdph wlph/ wkh lqglfdwru yduldeoh `�|� pxvw eh gh�qhg1
Wkhq/ wkh QOPL[HG surfhgxuh lq VDV lv xvhg wr pd{lplvh wkh olnholkrrg ri
wkh fruuhvsrqglqj qrq0olqhdu Srlvvrq prgho1 Ilqdoo|/ *L}O lv frpsxwhg iurp
*L} 	O/ zkloh wkh sdudphwhu hvwlpdwhv duh rewdlqhg gluhfwo|1 Wkh surjudp fdq
eh rewdlqhg rq uhtxhvw iurp wkh dxwkruv1 Zkloh lw lv hdv| wr lpsohphqw/ wkh
hvwlpdwlrq wlph ehfrphv frqvlghudeoh zlwk pruh wkdq wkuhh gl�huhqw uhjlphv1
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Uhihuhqfhv

Dssv/ S1 I1/ dqg U1 Uhhv +4<<:,= �Froohfwlyh Oderxu Vxsso| dqg Krxvh0
krog Surgxfwlrq/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ 438/ 4:;�4<31

Edugkdq/ S1 N1 +4<:<,= �Oderu Vxsso| Ixqfwlrqv lq d Srru Djuduldq Hfrq0
rp|/� Dphulfdq Hfrqrplf Uhylhz/ 9</ :6�;61

Edugkdq/ S1 N1/ dqg F1 Xgu| +4<<<,= Ghyhorsphqw Plfurhfrqrplfv1
R{irug Xqlyhuvlw| Suhvv/ R{irug1

Ehfnhu/ J1 V1 +4<98,= �D Wkhru| ri wkh Doorfdwlrq ri Wlph/� Hfrqrplf

Mrxuqdo/ :8/ 7<6�84:1

Eurzqlqj/ P1/ dqg S1 D1 Fkldssrul +4<<;,= �H!flhqw Lqwud0Krxvhkrog
Doorfdwlrqv= D Jhqhudo Fkdudfwhul}dwlrq dqg Hpslulfdo Whvw/� Hfrqrphw0

ulfd/ 99/ 4574�45:;1

Fduwhu/ P1 U1/ dqg S1 Rolqwr +5333,= �Jhwwlqj Lqvwlwxwlrqv *Uljkw* iru
Zkrp= Fuhglw Frqvwudlqwv dqg wkh Lpsdfw ri Surshuw| Uljkwv rq wkh
Txdqwlw| dqg Frpsrvlwlrq ri Lqyhvwphqw/� Vwd� Sdshu Qr1 766/ Djulfxo0
wxudo dqg Dssolhg Hfrqrplfv/ Xqlyhuvlw| ri Zlvfrqvlq0Pdglvrq1

Fkhq/ ]1/ dqg O1 Nxr +5334,= �D Qrwh rq wkh Hvwlpdwlrq ri wkh Pxowlqr0
pldo Orjlw Prgho zlwk Udqgrp H�hfwv/� Dphulfdq Vwdwlvwlfldq/ 88/ ;<�<81

Fkldssrul/ S10D1 +4<<5,= �Froohfwlyh Oderu Vxsso| dqg Zhoiduh/� Mrxuqdo

ri Srolwlfdo Hfrqrp|/ 433/ 76:�79:1

+4<<:,= �Lqwurgxflqj Krxvhkrog Surgxfwlrq lq Froohfwlyh Prghov ri
Oderu Vxsso|/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ 438/ 4<4�53<1

Fruudo/ O1 +4<<<,= �Uhirupd | Whqhqfld gh od Wlhuud Hq Qlfdudjxd/� Zrun0
lqj Sdshu/ IDR1

Fruudo/ O1/ dqg W1 Uhdugrq +5334,= �Uxudo Qrqidup Lqfrphv lq
Qlfdudjxd/� Zruog Ghyhorsphqw/ 5</ 75:�7751

gh Mdqyu|/ D1/ dqg H1 Vdgrxohw +4<<8,= Txdqwlwdwlyh Ghyhorsphqw Sro0

lf| Dqdo|vlv1 Mrkqv Krsnlqv Xqlyhuvlw| Suhvv/ Edowlpruh1

+5334,= �Lqfrph Vwudwhjlhv Dprqj Uxudo Krxvhkrogv lq Ph{lfr=
Wkh Uroh ri R�0Idup Dfwlylwlhv/� Zruog Ghyhorsphqw/ 5</ 79:�7;31
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Ghdwrq/ D1 +4<<8,= �Gdwd dqg Hfrqrphwulf Wrrov iru Ghyhorsphqw Dqdo0
|vlv/� lq Kdqgerrn ri Ghyhorsphqw Hfrqrplfv/ Yroxph 6D1/ hg1 e|
M1 Ehkupdq/ dqg W1 Q1 Vulqlydvdq/ ss1 4:;8�4;;51 Hovhylhu/ Dpvwhugdp1

Hoehuv/ F1/ dqg S1 Odqmrxz +5334,= �Lqwhuvhfwrudo Wudqvihu/ Jurzwk/
dqg Lqhtxdolw| lq Uxudo Hfxdgru/� Zruog Ghyhorsphqw/ 5</ 7;4�7<91

Idifkdpsv/ P1/ dqg D1 U1 Txlvxpelqj +5333,= �Vrfldo Urohv/ Kxpdq
Fdslwdo/ dqg wkh Lqwudkrxvhkrog Glylvlrq ri Oderu= Hylghqfh iurp Sdn0
lvwdq/� Xqsxeolvkhg pdqxvfulsw1

Irow}/ M1/ E1 D1 Oduvrq/ dqg U1 Orsh} +5333,= �Odqg Whqxuh/ Lqyhvw0
phqw/ dqg Djulfxowxudo Surgxfwlrq lq Qlfdudjxd/� Ghyhorsphqw Glvfxv0
vlrq Sdshu Qr1 :6;/ Fhqwudo Dphulfd Surmhfw Vhulhv/ Kduydug Lqvwlwxwh iru
Lqwhuqdwlrqdo Ghyhorsphqw/ Kduydug Xqlyhuvlw|1

Juhhqh/ Z1 K1 +4<<6,= Hfrqrphwulf Dqdo|vlv1 Pdfploodq/ Qhz \run1

Kxiipdq/ Z1 H1/ dqg P1 G1 Odqjh +4<;<,= �R�0Idup Zrun Ghflvlrqv ri
Kxvedqgv dqg Zlihv= Mrlqw Ghflvlrq Pdnlqj/� Uhylhz ri Hfrqrplfv dqg

Vwdwlvwlfv/ :4/ 7:4�7;31

Ndqzdu/ V1 +4<<<,= �Grhv Ulvn PdwwhuB Wkh Fdvh ri Zdjh0Oderxu Door0
fdwlrq e| Rzqhu0Fxowlydwruv/� Dssolhg Hfrqrplfv/ 64/ 63:�64:1

Nlpkl/ D1/ dqg P10M1 Ohh +4<<9,= �R�0Idup Zrun Ghflvlrqv ri Idup
Frxsohv= Hvwlpdwlqj Vwuxfwxudo Vlpxowdqhrxv Htxdwlrqv zlwk Rughuhg
Fdwhjrulfdo Ghshqghqw Yduldeohv/� Dphulfdq Mrxuqdo ri Djulfxowxudo Hfr0

qrplfv/ :;/ 9;:�9<;1

Nrfkdu/ D1 +4<<<,= �Vprrwklqj Frqvxpswlrq e| Vprrwklqj Lqfrph=
Krxuv0ri0Zrun Uhvsrqvhv wr Lglrv|qfudwlf Djulfxowxudo Vkrfnv lq Uxudo
Lqgld/� Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ ;4/ 83�941

Oxqgehuj/ V1 +4<;;,= �Oderu Vxsso| ri Kxvedqgv dqg Zlyhv= D Vlpxo0
wdqhrxv Htxdwlrqv Dssurdfk/� Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ :3/
557�5681

Pdggdod/ J1 V1 +4<;6,= Olplwhg Ghshqghqw dqg Txdolwdwlyh Yduldeohv lq

Hfrqrphwulfv1 Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh/ XN1

PfIdgghq/ G1 +4<:7,= �WkhPhdvxuhphqw ri Xuedq Wudyho Ghpdqg/� Mrxu0
qdo ri Sxeolf Hfrqrplfv/ 6/ 636�65;1



Rii0idup Dfwlylwlhv lq Qlfdudjxd 5:

Plvkud/ D1 N1/ dqg E1 N1 Jrrgzlq +4<<:,= �Idup Lqfrph Yduldelolw|
dqg wkh Vxsso| ri R�0Idup Oderu/� Dphulfdq Mrxuqdo ri Djulfxowxudo

Hfrqrplfv/ :</ ;;3�;;:1

+4<<;,= �Lqfrph Ulvn dqg Doorfdwlrq ri Oderxu Wlph= Dq Hpslufdo
Lqyhvwljdwlrq/� Dssolhg Hfrqrplfv/ 63/ 487<�48881

Qhzpdq/ M1 O1/ dqg S1 M1 Jhuwohu +4<<7,= �Idplo| Surgxfwlylw|/ Od0
eru Vxsso|/ dqg Zhoiduh lq d Orz Lqfrph Frxqwu|/� Mrxuqdo ri Kxpdq

Uhvrxufhv/ 5</ <;<�43591

Uhdugrq/ W1 +4<<:,= �Xvlqj Hylghqfh ri Krxvhkrog Lqfrph Glyhuvl�fdwlrq
wr Lqirup Vwxg| ri wkh Uxudo Qrqidup Oderu Pdunhw lq Diulfd/� Zruog

Ghyhorsphqw/ 58/ :68�:7:1

Uhdugrq/ W1/ M1 Ehughjxì/ dqg J1 Hvfredu +5334,= �Uxudo Qrqidup
Hpsor|phqw dqg Lqfrphv lq Odwlq Dphulfd= Ryhuylhz dqg Srolf| Lpsol0
fdwlrqv/� Zruog Ghyhorsphqw/ 5</ 6<8�73<1

Uhdugrq/ W1/ N1 Vwdprxolv/ D1 Edolvdfdq/ P1 H1 Fux}/

M1 Ehughjxì/ dqg E1 Edqnv +4<<;,= �Uxudo Qrq0Idup Lqfrph lq Gh0
yhorslqj Frxqwulhv= Lpsruwdqfh dqg Srolf| Lpsolfdwlrqv/� Wkh Vwdwh ri
Irrg dqg Djulfxowxuh 4<<;/ IDR/ Urph1

Uhdugrq/ W1/ M1 H1 Wd|oru/ N1 Vwdprxolv/ S1 Odqmrxz/ dqg D1 Edo0

lvdfdq +5333,= �H�hfwv ri Qrq0Idup Hpsor|phqw rq Uxudo Lqfrph Lq0
htxdolw| lq Ghyhorslqj Frxqwulhv= Dq Lqyhvwphqw Shuvshfwlyh/� Mrxuqdo ri

Djulfxowxudo Hfrqrplfv/ 84/ 599�5;;1

Urguðjxh}/ W1 H1 +4<<<,= �Ho Phufdgr gh Fuìglwr Uxudo hq Qlfdudjxd/�
Dvrfldflöq Qlfdudjÿhqvh gh Lqvwlwxflrqhv gh Plfur�qdq}dv +DVRPLI,/
Pdqdjxd1

Urvh/ H1 +5334,= �H{ Dqwh dqg H{ Srvw Oderu Vxsso| Uhvsrqvh wr Ulvn lq
d Orz0Lqfrph Duhd/� Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ 97/ 6:4�6;;1

Urvhq}zhlj/ P1 U1 +4<;3,= �Qhrfodvvlfdo Wkhru| dqg wkh Rswlpl}lqj Shdv0
dqw= Dq Hfrqrphwulf Dqdo|vlv ri Pdunhw Idplo| Oderu Vxsso| lq d Ghyho0
rslqj Frxqwu|/� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ <7/ 64�881

Uxehq/ U1/ dqg P1 ydq ghq Ehuj +5334,= �Qrqidup Hpsor|phqw dqg
Sryhuw| Doohyldwlrq ri Uxudo Idup Krxvhkrogv lq Krqgxudv/� Zruog Gh0

yhorsphqw/ 5</ 87<�8931



Rii0idup Dfwlylwlhv lq Qlfdudjxd 5;

Vdkd/ D1 +4<<7,= �D Wzr0Vhdvrq Djulfxowxudo Krxvhkrog Prgho ri Rxwsxw
dqg Sulfh Xqfhuwdlqw|/� Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ 78/ 578�59<1

Vxpqhu/ G1 D1 +4<;5,= �Wkh R�0Idup Oderu Vxsso| ri Iduphuv/� Dphulfdq

Mrxuqdo ri Djulfxowxudo Hfrqrplfv/ 97/ 7<<�83<1

Wrnoh/ M1 J1/ dqg Z1 H1 Kxiipdq +4<<4,= �Orfdo Hfrqrplf Frqglwlrqv
dqg Zdjh Oderu Ghflvlrqv ri Idup dqg Uxudo Qrqidup Frxsohv/� Dphul0

fdq Mrxuqdo ri Djulfxowxudo Hfrqrplfv/ :6/ 985�9:31

Ydoglyld/ F1/ H1 J1 Gxqq/ dqg F1 Mhwwì +4<<9,= �Glyhuvl�fdwlrq dv
d Ulvn Pdqdjhphqw Vwudwhj| lq dq Dqghdq Djursdvwrudo Frppxqlw|/�
Dphulfdq Mrxuqdo ri Djulfxowxudo Hfrqrplfv/ :;/ 465<�46671



Rii0idup Dfwlylwlhv lq Qlfdudjxd 5<

Wdeoh L
Sulpdu| Rffxsdwlrq Udwhv dqg Wrwdo Rii0Idup Sduwlflsdwlrq

Sulpdu| Rffxsdwlrq Wrwdo R�0idup Sduwlflsdwlrq

rev Qr Rq R� Rzq Wrwdo sfw rev Dz Qdz

Wrwdo 9<5: 87187 5< 19: 44 1:7 7139 433 451<5 ;<8 8;177 74189

Uhjlrqv

Dwodqwlf xuedq 649 8;1;9 55 17: 44 16< :15; 433 451<: 74 6<135 931<;

Dwodqwlf uxud o 479; 88137 69 18; 8 1<6 5178 433 :17< 443 ;6197 49169

F hqwudo xuedq 766 89145 56 189 47 1:; 8187 433 481<7 9< 63176 9<18:

F hqwudo uxudo 59<5 86156 66 154 43 1;; 519: 433 441;< 653 :4158 5;1:8

P dqdjxd 4;3 87177 44 144 58 189 ;1;< 433 5919: 7; 65166 9919:

Sdfl� f xuedq 665 881:5 4; 16: 49 18: <167 433 4:14: 8: 5<1;5 :314;

Sdfl� f uxud o 4839 871:; 57 18: 48 174 8158 433 49193 583 8;177 74189

Vh{

Ihpdohv 656: ;41;: 8 186 9 1;6 81:; 433 91<; 559 56134 :91<<

P dohv 69<3 6318: 83 1;7 49 137 5188 433 4;146 99< :3173 5<193

Djh jurxsv

9047 |hduv 5638 ;31:; 49 14; 5 14: 31;: 433 5163 86 ;4146 4;1;:

48057 |hduv 4:7; 79144 66 163 4; 13; 5185 433 4<195 676 9615: 691:6

58083 |hduv 4<<4 69189 6: 18: 4: 19; ;14< 433 4<197 6<4 7;18< 84174

:83 |hduv ;;6 76159 6< 1;9 43 1:9 9145 433 45156 43; 9:18< 65174

Odqg vwudwd

305 p}v 566; 88185 56 18: 49 158 7199 433 4:195 745 8:185 7517;

508 p}v 476: 871:: 5< 177 44 17; 7164 433 45179 4:< 8;199 74167

8053 p}v 4793 86155 66 1:: < 137 61<: 433 43154 47< 8<139 731<7

53083 p}v ;68 8717< 66 1;< : 1<3 61:4 433 <18; ;3 95183 6:183

:83 p}v ;8: 861:< 68 18< ; 14: 5178 433 ;1:8 :8 8:166 7519:

Wrwdo 9;9: 8717; 5< 1:8 44 19; 713< 433 451;: ;;7 8;147 741;9

Lqfrph vwudwd

4vw txlqwloh 46:6 8;167 63 148 < 1:9 41:8 433 44176 48: :81;3 57153

5qg txlqwloh 46:6 891;; 64 158 < 1<; 41;< 433 4418; 48< 9;188 64178

6ug txlqwloh 46:7 87148 5; 1<: 45 1<8 61<6 433 461;6 4<3 94138 6;1<8

7wk txlqwloh 46:6 87159 5< 168 45 135 716: 433 451<9 4:; 85158 7:1:8

8wk txlqwloh 46:7 7;1:9 5< 137 46 19; ;185 433 47189 533 6;183 94183

�Qr� @ qr zrun lq wkh odvw zhhn /

�Rq� @ rq0idup dv sulpdu| dfwly lw| lq wkh odvw zhhn

�R� � @ r� 0idup dv sulpdu| dfwly lw| lq wkh odvw zhhn /

�Rzq� @ rzq hqwhusulvh dv sulpdu| dfwly lw| lq wkh odvw zhhn

�R� � dv sulpdu| ru vhfrqgdu| dfwly lw|

�Dz� @ djulfxowxudo zdjh zrun /

�Qdz� @ Qrq0djulfx owxudo zdjh zrun



Rii0idup Dfwlylwlhv lq Qlfdudjxd 63

Wdeoh LL
H{sodqdwru| Yduldeohv dqg Vxppdu| Vwdwlvwlfv

Yduldeoh Qdph Rev Phdq Vwg1 Ghy1 Plq Pd{

Lqglylgxdo Pdoh 9<5: 3 1865: 317<;< 3 4

Khdg 9<5: 3 14<<4 316<<6 3 4

Vsrxvh 9<5: 3 14934 31699: 3 4

Djh 9<5: 59 18584 4;18<75 9 <:

Hgxfdwlrq 9<5: 5 18<8; 51<::9 3 49

Krxvhkrog Djh ri khdg 9<5: 7; 153<3 471836< 4: <:

Uhjlrqdo Uxud o 9<5: 3 1;683 316:45 3 4

Urdg dffhvv 9<5: 3 1;;;7 31647< 3 4

H ohfwulflw| 9<5: 3 15;93 31784< 3 4

Djulfxowxudo Odqg vl}h 9<5: : 1<547 561:598 31334:8 7<8

Fdslwdo 9<5: 6/::4196; 44</47;15 3 6/577 /433

Furs glyhuvl� fdwlrq 9<5: 5 14666 31<:56 4 :159

Pdunhwhg vkduh 9<5: 3 15:85 31637: 3 4

Udlq| vhdvrq 9<5: 3 198:; 317:79 3 4

Surshuw| uljkw 9<5: 3 17365 317<39 3 4

Ydulde oh gh�qlwlrqv lq wkh wh{w1



Rii0idup Dfwlylwlhv lq Qlfdudjxd 64

Wdeoh LLL
Hvwlpdwlrq Uhvxowv

Djul1 zdjh zrun Qrq0djul1 zdjh zrun

Yduldeohv frhi vw1hu s0ydo ulvn frhi vw1hu s0ydo ulvn

lqg ly lgxd o P doh 5 1:73: 3 15569 31333 48 17<:; 31375: 3148:7 3 1:;9 4 13769

Khdg 04 16655 3 15773 31333 31596< 0414848 315879 3 1333 3 16495

Vsrxvh 05 13<5< 3 16938 31333 314566 0419;63 315963 3 1333 3 14;8;

Djh 3 15;34 3 1354< 31333 416566 31653< 313597 3 1333 4 16:;7

Djh vtxduhg 03 13365 3 13336 31333 31<<9; 031336: 313336 3 1333 3 1<<96

Hgxfdwlrq 03 13757 3 135;6 31467 31<8;8 3154:7 3 13558; 3 1333 4 1575;

Krxvhkr og Djh r i khdg 04 13395 3 1:955 314;: 316989 0518<37 31:54: 3 1333 3 13:83

Uhj lrqd o Uxudo 3 1<65< 3 16388 31335 51874< 0316::7 314<43 3 137; 3 19;89

Urdg dffhvv 3 1<4;6 3 166<; 3133: 5 18383 4149:4 316<:6 3 1336 6 1545:

H ohfwulflw| 3 13948 3 1574; 31:<< 413967 31;<:: 314;3: 3 1333 5 17873

Djulfx owxudo oq+Odqg vl}h, 03 15537 3139<56 31335 31;355 0314<:6 3138:8 3 1334 3 1;53<

Fdslwd o 03 13;;6 3 14676 31844 31<488 03165:9 3144<6 3 1339 3 1:53:

Lqgh{ 03 15;65 3 14397 3133; 31:867 0313746 313:<; 3 1938 3 1<8<8

Pdunhw vkduh 04 1443< 3 1668: 31334 3165<6 03154:7 315868 3 16<4 3 1;379

Udlq| vhdvrq 03 17794 3 15354 3135: 319734 0317;:9 314937 3 1335 3 19474

Surshuw| uljkw 03 19<63 3 154;; 31335 318334 0315567 314:98 3 1539 3 1:<<;

Vljpd 814<73 4 139<9 31333 416855 31685; 3 1333

�U lvn� lv wkh h{srqhqwldo yd oxh ri wkh fr h! flhqw Qxpehu r i revhuydwlrqv @ 9<5:

Orj olnholkrrg @ 057771;3
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