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Devwudfw

Wklv sdshu ehjlqv e| vxppdul}lqj wkh plfur0hylghqfh rq fuhglw
pdunhwv iurp d odujh qxpehu ri vwxglhv iurp doo ryhu wkh zruog/ zlwk
wkh jrdo ri lghqwli|lqj d qxpehu ri vw|ol}hg idfwv1 Zh dujxh wkdw/
lq sduwlfxodu/ wkh hylghqfh vwurqjo| vxjjhvwv wkdw iru srru shrsoh lq
ghyhorslqj frxqwulhv/ lpshuihfwlrqv lq wkh fuhglw pdunhw duh txdqwlwd0
wlyho| yhu| lpsruwdqw1 Zh wkhq exlog d vlpsoh prgho wkdw h{sodlqv wkh
revhuyhg sdwwhuqv/ edvhg rq wkh lghd wkdw prqlwrulqj dqg vfuhhqlqj
eruurzhuv kdyh erwk �{hg dqg yduldeoh frvwv1 Zh jr rq wr exlog d
vlpsoh g|qdplf prgho wkdw doorzv xv wr xqghuvwdqg zkdw wkh revhu0
ydwlrqv derxw wkh fuhglw pdunhw lpso| iru wkh hyroxwlrq ri wkh zhdowk
glvwulexwlrq1

MHO Frghv= R45/ G;5/ G64
Nh|zrugv= Fuhglw Pdunhwv> Glvwulexwlrq> Jurzwk

4 Lqwurgxfwlrq

Ghyhorsphqw hfrqrplvwv duh/ shukdsv e| qhfhvvlw|/ rswlplvwlf shrsoh1 Rqh
grhv qrw ehfrph d ghyhorsphqw hfrqrplvw li rqh eholhyhv wkdw wkh zruog*v
srruhvw duh grlqj dv zhoo dv wkh| srvvleo| frxog1 Lqghhg wkh suhplvh ri wkh
hqwluh �hog4 lv wkdw wkhuh lv wdohqw lq hyhu| shrsoh/ li qrw hyhu| shuvrq/ dqg li

WWklv sdshu juhz rxw d ohfwxuh L jdyh dw wkh Zruog Frqjuhvv ri wkh Hfrqrphwulf Vrflhw|
lq Dxjxvw 53331 L dp judwhixo wr Sklolssh Djklrq dqg Hvwkhu Gx r iru wkhlu frpphqwv
dqg Pdunr Whuylr iru klv khos zlwk vlpxodwlrqv1

4Dqg ri jurzwk wkhru|= Zkdw lv frqyhujhqfh rwkhu wkdq wkh krsh wkdw wkhuh lv wdohqw
lq hyhu| qdwlrqB
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wkhuh lv rqh fhqwudo txhvwlrq lw kdv wr eh zkdw suhyhqwv shrsoh iurp pdnlqj
wkh ehvw xvh ri wkhlu qdwxudo wdohqwvB

Wkhuh duh dw ohdvw �yh glvwlqfw dqvzhuv wr wklv txhvwlrq1 Wkh �uvw/ zklfk
lv hoderudwhg khuh/ lv wkh dqvzhu iurp frqwudfw wkhru|= Wdohqw lv qrw dq
dssoh/5 rqh fdqqrw vlpso| jr wr wkh pdunhw/ vhoo rqh*v wdohqw dqg h{shfw wr
eh sdlg wkh dssursuldwh sulfh1 Wkh vhfrqg lv frruglqdwlrq idloxuh= Wdohqw lv
rqo| wdohqw li lw jhwv wr zrun zlwk wkh dssursuldwh rwkhu lqsxwv1 Hyhq Ohqqrq
qhhghg Sdxo dqg Jhrujh�kdg wkh| ghflghg wr jr wr wkh Flw| lqvwhdg/ kh
wrr pljkw kdyh irxqg klpvhoi d gl�huhqw surihvvlrq16 Wkh wklug lv srolwlfdo
hfrqrp|= Jryhuqphqwv fdq dqg riwhq gr pdnh lw kdughu iru shrsoh wr gr
zkdw wkh| duh ehvw dw grlqj17 Wkh irxuwk lv ohduqlqj= Shrsoh pd| qrw nqrz
zkdw wkh| rxjkw wr eh grlqj/ dqg hyhq zkhq wkh| gr wkh uhvw ri wkh zruog
pd| qrw dssuhfldwh wkhp1 Iru h{dpsoh/ d jurzlqj erg| ri hylghqfh vkrzv
wkdw iduphuv duh riwhq ljqrudqw ru vxvslflrxv ri pruh uhzduglqj fursv dqg
ehwwhu vhhgv18 Wkh �qdo dqvzhu frphv iurp zkdw kdv frph wr eh fdoohg
ehkdylrudo hfrqrplfv= Shrsoh pd| qrw dozd|v vhhn rxw wkh ehvw rswlrqv
ehfdxvh wkh| duh khog edfn e| sv|fkrorjlfdo frqvwudlqwv ru vrfldo qrupv19

Wkh idfw wkdw wklv vxuyh| frqfhqwudwhv rq wkh frqwudfw wkhruhwlf dujxphqw
vkrxog qrw eh lqwhusuhwhg dv hylghqfh iru lwv sulpdf|1 Exw lw lv wkh dujxphqw
wkdw kdv uhfhlyhg wkh prvw hoderudwlrq ryhu wkh odvw ghfdgh ru vr/ dqg wkh
rqh wkdw ehvw pdwfkhv wkh frpshwhqflhv ri wkh suhvhqw dxwkru1 Lw lv wkhuhiruh
wkh dssursuldwh wrslf iru d vxuyh| olnh wklv1

5D frqwudfw wkhrulvw zrxog suredeo| vd| dq dssoh lv qrw dq dssoh hlwkhu�wkh| fdq eh
vwdoh ru iuhvk/ vzhhw ru vrxu1 Li |rx kdg d orw ri dssohv wr vhoo/ |rx zrxog suredeo| zdqw
wr lqyhvw lq d uhsxwdwlrq iru vhoolqj rqo| iuhvk dqg vzhhw dssohv1

6Wkhuh lv d orqj wudglwlrq lq ghyhorsphqw hfrqrplfv ri prghov wkdw hpskdvl}h frrugl0
qdwlrq idloxuhv jrlqj edfn dw ohdvw wr Sdxo Urvhqvwhlq0Urgdq +4<76, dqg Udjqdu Qxunvh
+4<86,1 Vhh Pxusk|/ Vkohlihu dqg Ylvkq| +4<;<, iru d prgho zkhuh wkhuh lv idloxuh ri
frruglqdwlrq ehwzhhq surgxfhuv ri gl�huhqw jrrgv/ dqg Nuhphu +4<<6, iru d prgho iru d
prgho ri pdwfklqj ehwzhhq gl�huhqw w|shv ri wdohqwv1

7Wkhuh lv/ ri frxuvh/ d orqj wudglwlrq khuh/ jrlqj edfn wr Dgdp Vplwk1 Nuxhjhu +4<:7,
dqg Ekdjzdwl +4<;5,/ dprqj rwkhuv/ vwxg| wkh glvwruwlrqv lq wkh doorfdwlrq ri wdohqw dqg
uhvrxufhv wkdw frph iurp jryhuqphqw srolflhv1

8Vhh Ehvoh| dqg Fdvh +4<<7, dqg Pxqvkl +5333,1 Edqhumhh +4<<5, surylghv wkhruhwlfdo
dujxphqwv iru zk| vxfk ehkdylru pd| eh udwlrqdo iru lqglylgxdo iduphuv1

9Wkhuh lv d orqj dqg frqwuryhuvldo olwhudwxuh rq wklv srlqw1 Wkh idprxv Ohzlv prgho
+Ohzlv/ 4<87, dujxhg wkdw idplo| qrupv frxog glvfrxudjh shrsoh iurp vhhnlqj rxwvlgh
rswlrqv1 Wkh udwlrqdo shdvdqw prgho +Vfkxow}/ 4<97, zdv duwlfxodwhg dv d fulwltxh ri
prghov olnh wkh Ohzlv prgho +vhh dovr Froh/ Pdlodwk dqg Srvwohzdlwh/ 4<<5/ dqg Edqhumhh
dqg Qhzpdq/ 4<<;/ iru wzr yhu| gl�huhqw dwwhpswv wr uhfrqfloh wkhvh ylhzv,1 Lw lv/ krzhyhu/
wlph wr uhylvlw wklv lvvxh= Zlwk wkh lqfuhdvlqj vrsklvwlfdwlrq ri wkh sv|fkrorjlfdo prghov
xvhg lq hfrqrplfv/ lw lv qrz srvvleoh wr uh0dvn wkh txhvwlrq ri zkhwkhu/ iru h{dpsoh/
sryhuw| fdq kdyh gluhfw glvfrxudjhphqw h�hfwv1
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5 Frqwudfw Wkhru| lq Ghyhorsphqw Hfrqrplfv

Frqwudfw wkhruhwlf dujxphqwv lq ghyhorsphqw hfrqrplfv jr edfn dw ohdvw
wr wkh zrun ri G1 Jdoh Mrkqvrq lq wkh 4<73*v dqg 4<83*v lq wkh frqwh{w
ri odqg pdunhwv1: Vwljolw}*v 4<:7 sdshu rq vkduhfursslqj/ dprqj rwkhuv/
vwduwhg d wudglwlrq ri irupdo frqwudfw wkhruhwlf prghov wkdw vhhn wr h{sodlq
zk| odqgorugv dqg whqdqwv riwhq vhwwoh lqwr duudqjhphqwv wkdw duh/ dw ohdvw
dssduhqwo|/ ohvv wkdq �uvw ehvw h!flhqw1;

Vlqfh wkhq/ vlplodu sulqflsohv kdyh ehhq dssolhg wr wkh vwxg| ri doo wkh
rwkhu lpsruwdqw pdunhwv= fdslwdo/ lqvxudqfh dqg kxpdq fdslwdo1 Wkh uhvxow
lv dq hqruprxv olwhudwxuh zklfk L frxog qrw hyhq ehjlq wr gr mxvwlfh wr zlwklq
wkh olplwv ri wklv vxuyh|1 L zloo frq�qh p|vhoi/ wkhuhiruh/ wr hoderudwlqj rq
d vlqjoh h{dpsoh iurp wkh pdunhw iru fdslwdo/ zklfk L krsh zloo doorz ph wr
gudz rxw wkh prvw lpsruwdqw wkhphv/ wkrxjk dw vhyhudo srlqwv lq wkh wh{w
L zloo srlqw rxw wkh frqqhfwlrqv zlwk zkdw lv xqghuvwrrg derxw wkh rwkhu
dvvhw pdunhwv1

6 Wkh Fuhglw Pdunhw

Wkh idfwv derxw wkh fuhglw pdunhw duh uhpdundeo| vwdun1 Zkloh qhrfodvvlfdo
wkhru| suhglfwv d vlqjoh sulfh ri fdslwdo dw zklfk shrsoh erwk eruurz dqg
ohqg/ dw dq| srlqw ryhu wkh odvw wzhqw| |hduv rqh frxog srlqw wr d vhw ri
shrsohv lq zruog +prvw uhfhqwo| wkh Mdsdqhvh, zkr zhuh hduqlqj d qhjdwlyh
uhwxuq rq wkhlu vdylqjv/ zkloh dqrwkhu vhw ri shrsoh zhuh eruurzlqj dw uhdo
udwhv ri 93( ru pruh1

Lqghhg/ pruh riwhq wkdq qrw/ yhu| odujh gl�huhqfhv ehwzhhq eruurzlqj
dqg ohqglqj udwhv fdq eh irxqg zlwklq d vlqjoh vxe0hfrqrp|1 Edqhumhh +5334,
uhylhzv d qxpehu ri hpslulfdo vwxglhv ri lqglylgxdo fuhglw pdunhwv lq ghyho0
rslqj frxqwulhv dqg olvwv vl{ vdolhqw ihdwxuhv=<

41 Vl}hdeoh jds ehwzhhq ohqglqj udwhv dqg ghsrvlw udwhv zlwklq
wkh vdph vxe0hfrqrp|=

:Vhh Mrkqvrq +4<83,1
;Vhh Vwljowl} +4<:7, dqg Fkhxqj +4<9;,1
<Wkh uhylhz irfxvhv rq wkh lqirupdo vhfwru ehfdxvh wkh irupdo edqnlqj vhfwru lq prvw

ghyhorslqj frxqwulhv kdv whqghg wr eh txlwh uljlg +lqwhuhvw udwh fdsv/ vwulfw uxohv derxw
froodwhudo/ lq h{leoh fuhglw olplwv/ hwf1 ^vhh Jkdwh/ 4<<5`, zlwk wkh uhvxow wkdw wkh lqirupdo
vhfwru ehfdph wkh vxssolhu ri wkh pdujlqdo xqlwv ri fdslwdo iru doo exw wkh yhu| odujhvw
�upv1
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Jkdwdn +4<:9, uhsruwv gdwd rq lqwhuhvw udwhv sdlg e| fxowlydwruv lq
Lqgld iurp wkh Doo Lqgld Uxudo Fuhglw Vxuyh| iru wkh 4<8405 wr
4<9405 shulrg= Wkh dyhudjh udwh ydulhv ehwzhhq d pd{lpxp ri
4;( +lq 4<8<093, dqg d plqlpxp ri derxw 48( +lq 4<94095,1
Wkhvh qxpehuv duh/ krzhyhu/ voljkwo| plvohdglqj= durxqg 58( ri
wkh eruurzlqj uhsruwhg lq wkhvh vxuyh|v zhuh }hur0lqwhuhvw ordqv/
xvxdoo| iurp idplo| phpehuv ru iulhqgv1 Wkhvh vkrxog eh vhhq
dv jliwv2lqvxudqfh udwkhu wkdq ordqv1 Li wkhvh zhuh ohiw rxw/ wkh
dyhudjh udwhv lq wkhvh vxuyh|v zrxog eh deryh 53(1 Zh duh qrw
wrog zkdw wkh frpsdudeoh udwhv iru ghsrvlwruv zhuh lq wklv shulrg/
exw Jkdwdn uhsruwv wkdw wkh erqg udwh lq wklv shulrg zdv durxqg
6( dqg wkh edqn ghsrvlw udwh zdv suredeo| derxw wkh vdph1

Wlpehuj dqg Dl|du +4<;7, uhsruw gdwd rq lqgljhqrxv vw|oh edqnhuv
lq Lqgld/ edvhg rq vxuyh|v wkdw wkh| fduulhg rxw1 Wkh| uhsruw
wkh jds ehwzhhq wkh dyhudjh udwh fkdujhg wr eruurzhuv dqg wkh
dyhudjh udwh wr ghsrvlwruv e| Ilqdqfh Frpsdqlhv zdv 4918(1
Wkh vdph jds iru �qdqflhuv iurp wkh Vklndusxul frppxqlw| zdv
4918(/ 45( iru �qdqflhuv iurp wkh Jxmhudwl frppxqlw|/ 4818(
iru wkh Fkhwwlduv/ 4418( iru wkh Udvwrjlv/ hwf1

Wkh �Vxppdu| Uhsruw rq Lqirupdo Fuhglw Pdunhwv lq Lqgld� +Gdv0
jxswd/ 4<;<, uhsruwv uhvxowv iurp d qxpehu ri fdvh vwxglhv wkdw
zhuh frpplvvlrqhg e| wkh Dvldq Ghyhorsphqw Edqn dqg fduulhg
rxw xqghu wkh dhjlv ri wkh Qdwlrqdo Lqvwlwxwh ri Sxeolf Ilqdqfh
dqg Srolf|1 Iru wkh uxudo vhfwru/ wkh gdwd lv edvhg rq vxuyh|v
ri 9 yloodjhv lq Nhudod dqg Wdplo Qdgx/ fduulhg e| wkh Fhqwuh
iru Ghyhorsphqw Vwxglhv1 Wkh dyhudjh lqwhuhvw udwh fkdujhg e|
surihvvlrqdo prqh|0ohqghuv +zkr surylgh 78194( ri wkh fuhglw, lq
wkhvh vxuyh|v lv derxw 85(1 Zkloh wkh dyhudjh ghsrvlw udwh lv qrw
uhsruwhg/ wkh pd{lpxp iurp doo wkh fdvh vwxglhv lv 57( dqg wkh
pd{lpxp lq irxu rxw ri wkh hljkw fdvh vwxglhv lv qr pruh wkdq
47(1 Iru wkh xuedq vhfwru/ wkh gdwd lv edvhg rq ydulrxv fdvh
vxuyh|v ri vshfl�f fodvvhv ri lqirupdo ohqghuv= Iru Ilqdqfh Fru0
srudwlrqv wkh| uhsruw wkdw wkh pd{lpxp ghsrvlw udwh iru ordqv ri
ohvv wkdq d |hdu lv 45( zkloh wkh plqlpxp ohqglqj udwh lv 7;(1
Iru kluh0sxufkdvh frpsdqlhv lq Ghokl/ wkh ghsrvlw udwh zdv 47(
dqg wkh ohqglqj udwh zdv dw ohdvw 5;(1 Iru dxwr0�qdqflhuv lq Qd0
pdnndo/ wkh jds ehwzhhq wkh ghsrvlw udwh dqg wkh ohqglqj udwh
zdv 4<(143 Iru kdqgorrp �qdqflhuv lq Edqjdoruh dqg Nduxu/

43Wklv qxpehu dqg doo rwkhu lqirupdwlrq derxw wklv jds lv phdvxuhg lq shufhqwdjh
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wkh jds ehwzhhq wkh ghsrvlw udwh dqg wkh orzhvw ohqglqj udwh zdv
59(144

Dohhp +4<<3, uhsruwv gdwd iurp d vwxg| ri surihvvlrqdo prqh|ohqghuv
wkdw kh fduulhg rxw lq d vhpl0xuedq vhwwlqj lq Sdnlvwdq lq 4<;30
4<;41 Wkh dyhudjh lqwhuhvw udwh fkdujhg e| wkhvh ohqghuv lv :;18(1
Wkh edqn udwh lq wkdw |hdu lq Sdnlvwdq zdv 43(1 Krzhyhu/ lw lv
srvvleoh wkdw ghsrvlwruv lq wklv duhd pd| qrw kdyh ehhq ghsrvlwlqj
lq wkh edqnv/ vr dq dowhuqdwlyh phdvxuh ri wkh jds fdq eh rewdlqhg
e| xvlqj wkh Dohhp*v qxpehuv iru wkh rssruwxqlw| frvw ri fdslwdo
wr wkhvh prqh|0ohqghuv/ zklfk lv 6518(145

51 H{wuhph yduldelolw| lq wkh lqwhuhvw udwh fkdujhg e| ohqghuv iru
vxshu�fldoo| vlplodu ordq wudqvdfwlrqv zlwklq wkh vdph hfrq0
rp|=

Wlpehuj dqg Dl|du +4<;7, uhsruw wkdw wkh udwhv iru Vklndusxul �0
qdqflhuv ydulhg ehwzhhq 54( dqg 6:( rq ordqv wr phpehuv ri or0
fdo Vklndusxul dvvrfldwlrqv dqg ehwzhhq 54( dqg 453( rq ordqv
wr qrq0phpehuv +58( ri wkh ordqv zhuh wr qrq0phpehuv dqg dq0
rwkhu 83( zhuh ordqv wkurxjk eurnhuv,1 Rq wkh rwkhu kdqg/ wkh
Jxmhudwl edqnhuv fkdujhg udwhv ri qr pruh wkdq 4;(1 Pruhryhu/
wkh udwhv idfhg e| hvwdeolvkhg frpprglw| wudghuv lq wkh Fdofxwwd
dqg Erped| pdunhwv zhuh qhyhu deryh 4;( dqg frxog eh dv orz
dv <(1

Wkh �Vxppdu| Uhsruw rq Lqirupdo Fuhglw Pdunhwv lq Lqgld� +Gdv0
jxswd/ 4<;<, uhsruwv wkdw Ilqdqfh Frusrudwlrqv r�hu dgydqfhv
iru d |hdu ru ohvv dw udwhv ehwzhhq 7;( shu |hdu dqg wkh xwwhuo|
dvwurqrplfdo udwh ri 8( shu gd|1 Wkh udwhv rq ordqv ri pruh wkdq
d |hdu ydulhg ehwzhhq 57( dqg 7;(1 Kluh0sxufkdvh frqwudfwv ri0
ihu udwhv ehwzhhq 5;( wr 74( shu |hdu1 Kdqgorrp Ilqdqflhuv
fkdujh udwhv ehwzhhq 77( dqg 9;(1 \hw wkh Vkur�v ri Zhvwhuq
Lqgld r�hu ordqv dw ohvv wkdq 54( dqg Fklw Ixqg phpehuv fdq
eruurz dw ohvv wkdq 58(1

srlqwv1
44D qxpehu ri rwkhu ohqglqj lqvwlwxlrqv duh dovr phqwlrqhg lq wklv vwxg|1 Krzhyhu/

wkh udqjh ri erwk ghsrvlw udwhv dqg ohqglqj udwhv lv vr zlgh lq wkhvh fdvhv wkdw wkh jds
ehwzhhq wkh plqlpxp ohqglqj udwh dqg wkh pd{lpxp ghsrvlw udwh lv qrw yhu| odujh1 Wklv
grhv qrw uxoh rxw wkh srvvlelolw| wkdw wkh jds ehwzhhq wkh dyhudjh erurzlqj dqg ohqglqj
udwh lv txlwh vxevwdqwldo hyhq lq wkhvh fdvhv1

45Wklv/ krzhyhu/ xqghuvwdwhv wkh jds/ vlqfh wkh prqh|0ohqghuv wkhpvhoyhv eruurz wklv
prqh| dqg wkh ruljlqdo ohqghuv duh sdlg pxfk ohvv wkdq 6518(1
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Wkh vdph uhsruw whoov xv wkdw dprqj uxudo ohqghuv/ wkh dyhudjh udwh
iru surihvvlrqdo prqh|0ohqghuv +zkr lq wklv vdpsoh jlyh derxw
:8( ri wkh frpphufldo lqirupdo ordqv, zdv 841;9(/ zkhuhdv wkh
udwhv iru wkh djulfxowxudo prqh|0ohqghuv +iduphuv zkr dovr ohqg
prqh|, zkr vxsso| wkh uhvw zdv 5<178(1 Zlwklq wkh fdwhjru| ri
surihvvlrqdo prqh|0ohqghuv/ derxw kdoi wkh ordqv zhuh dw udwhv ri
93( ru pruh exw dqrwkhu 73( ru vr kdg udwhv ehorz 69(1

Wkh vwxg| e| Dohhp +4<<3, uhsruwv wkdw wkh vwdqgdug ghyldwlrq ri wkh
lqwhuhvw udwh zdv 6;147( frpsduhg wr dq dyhudjh ohqglqj udwh ri
:;18(1 Lq rwkhu zrugv/ dq lqwhuhvw udwh ri 5( dqg dq lqwhuhvw udwh
ri 483( duh erwk zlwklq wzr vwdqgdug ghyldwlrqv ri wkh phdq1

Vzdplqdwkdq +4<<4, uhsruwv rq d vxuyh| ri wzr yloodjhv lq Vrxwk Lqgld
wkdw vkh fduulhg rxw= Wkh dyhudjh udwh ri lqwhuhvw lq rqh yloodjh
ydulhg ehwzhhq 471;( iru ordqv froodwhudol}hg e| lpprydeoh dvvhwv
+odqg/ hwf1, dqg 93( iru ordqv edfnhg e| pryhdeoh dvvhwv1 Wkh
fruuhvsrqglqj udwhv lq wkh rwkhu yloodjh zhuh 54( dqg :319 (1
Hyhq dprqj ordqv froodwhudol}hg e| wkh vdph dvvhw�jrog�wkh
dyhudjh udwh lq rqh yloodjh zdv 541;( exw lw zhqw xs wr 8;1;(
zkhq wkh ordqv zhuh wr odqgohvv oderuhuv1

Jkdwh +4<<5, uhsruwv rq d qxpehu ri fdvh vwxglhv iurp doo ryhu Dvld=
Wkh fdvh vwxg| iurp Wkdlodqg irxqg wkdw lqwhuhvw udwhv zhuh 50
6( shu prqwk lq wkh Fhqwudo Sodlq exw 80:( lq wkh qruwk dqg
qruwk0hdvw +qrwh wkdw 8 dqg : duh yhu| gl�huhqw,1

Jloo dqg Vlqjk +4<<:, uhsruw rq d vxuyh| ri 9 Sxqmde yloodjhv wkh|
fduulhg rxw1 Wkh phdq lqwhuhvw udwh iru ordqv xs wr Uv 43/333 lv
681;4( iru odqgrzqlqj krxvhkrogv lq wkhlu vdpsoh/ exw ;318:(
iru odqgohvv oderuhuv1

Idifkdpsv* +5333, vwxg| ri lqirupdo wudgh fuhglw lq Nhq|d dqg ]lp0
edezh uhsruwv dq dyhudjh prqwko| lqwhuhvw udwh ri 518( +fruuh0
vsrqglqj wr dqqxdol}hg udwh ri 67(, exw dovr qrwhv wkdw wklv lv wkh
udwh iru wkh grplqdqw wudglqj jurxs +Lqgldqv lq Nhq|d/ zklwhv lq
]lpedezh,1 Eodfnv sd| 8( shu prqwk lq erwk sodfhv146

Luidq hw do1 +4<<<,/ phqwlrqhg deryh/ uhsruw wkdw lqwhuhvw udwhv fkdujhg
e| surihvvlrqdo prqh|0ohqghuv ydu| ehwzhhq 7;( dqg 453(1

61 Orz ohyhov ri ghidxow=
46Idifkdpsv qrwhv wkdw zkhq kh frqwurov iru wkh vhfwru ri wkh hfrqrp|/ hwf1/ wklv gl�hu0

hqfh jrhv dzd| exw wkdw mxvw whoov xv wkdw wkh vrxufh ri wkh yduldwlrq lv vhfwru udwkhu wkdq
udfh1
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Wlpehuj dqg Dl|du +4<;7, uhsruw wkdw dyhudjh ghidxow orvvhv iru wkh
lqirupdo ohqghuv wkh| vwxglhg udqjhv ehwzhhq 318( dqg 418( ri
zrunlqj ixqgv1

Wkh �Vxppdu| Uhsruw rq Lqirupdo Fuhglw Pdunhwv lq Lqgld� +Gdv0
jxswd/ 4<;<, dwwhpswv wr ghfrpsrvh wkh revhuyhg lqwhuhvw udwhv
lqwr wkhlu ydulrxv frpsrqhqwv/47 dqg �qgv wkdw wkh ghidxow frvwv
h{sodlq 47 shu fhqw +qrw 47 shufhqwdjh srlqwv$, ri wkh wrwdo lq0
whuhvw frvwv iru wkh Vkur�v/ durxqg :( iru dxwr0�qdqflhuv lq Qd0
pdnndo dqg kdqgorrp �qdqflhuv lq Edqjdoruh dqg Nduxu/ 7( iru
Ilqdqfh Frpsdqlhv/ 6( iru kluh0sxufkdvh frpsdqlhv dqg hvvhq0
wldoo| qrwklqj iru wkh Qlgklv1

Wkh vdph vwxg| uhsruwv wkdw lq irxu fdvh vwxglhv ri prqh|0ohqghuv lq
uxudo Lqgld wkh| irxqg ghidxow udwhv h{sodlqhg derxw 56( ri wkh
revhuyhg lqwhuhvw udwh1

Wkh vwxg| e| Dohhp jlyhv ghidxow udwhv iru hdfk lqglylgxdo ohqghu1
Wkh phgldq ghidxow udwh lv ehwzhhq 418 dqg 5( dqg wkh pd{lpxp
lv 43(1

71 Surgxfwlrq dqg wudgh �qdqfh duh wkh pdlq uhdvrqv jlyhq iru
eruurzlqj/ hyhq lq fdvhv zkhuh wkh udwh ri lqwhuhvw lv uhod0
wlyho| kljk=

Jkdwdn +4<:9, frqfoxghv rq wkh edvlv ri klv vwxg| wkdw �wkh h{lvwlqj
eholhi derxw wkh xqsurgxfwlyh xvh ri ordqv e| Lqgldq fxowlydwruv
111 kdv qrw ehhq vxevwdqwldwhg1�

Wlpehuj dqg Dl|du +4<;7, uhsruw wkdw iru Vklndusxul edqnhuv +zkr
fkdujh 6418( rq dyhudjh/ dqg dv pxfk dv 453( rq rffdvlrq,/ dw
ohdvw :8( ri wkh prqh| jrhv wr �qdqfh wudgh dqg/ wr ohvvhu h{whqw/
lqgxvwu|1

Wkh �Vxppdu| Uhsruw rq Lqirupdo Fuhglw Pdunhwv lq Lqgld� +Gdv0
jxswd/ 4<;<,/ uhsruwv wkdw vhyhudo ri wkh fdwhjrulhv ri ohqghuv wkdw
kdyh ehhq douhdg| phqwlrqhg/ vxfk dv kluh0sxufkdvh �qdqflhuv
+lqwhuhvw udwhv ehwzhhq 5;(074(,/ kdqgorrp �qdqflhuv +77(0
9;(,/ Vkur�v +4;(054(, dqg Ilqdqfh Frusrudwlrqv +57(07;(
iru orqjhu whup ordqv dqg pruh wkdq 7;( rq ordqv ri ohvv wkdq
d |hdu, irfxv doprvw h{foxvlyho| rq �qdqflqj wudgh dqg lqgxvwu|/
dqg hyhq iru Fklw Ixqgv dqg Qlgklv/ zklfk gr �qdqfh frqvxps0
wlrq/ wudgh dqg lqgxvwu| grplqdwh1

47 Lq wkh wudglwlrq ri Erwwrpoh| +4<96,1
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Vzdplqdwkdq +4<<4, uhsruwv wkdw lq wkh wzr yloodjhv vkh vxuyh|v/ wkh
vkduh ri surgxfwlrq ordqv lq wkh sruwirolr ri ohqghuv lv 7;18( dqg
951;(1 Wkh kljkhu vkduh ri surgxfwlrq ordqv lv lq Jrndolsxudp/
zklfk kdv wkh kljkhu lqwhuhvw udwhv +deryh 69( iru doo h{fhsw wkh
ulfkhvw jurxs ri eruurzhuv,1

Jkdwh +4<<5, dovr frqfoxghv wkdw wkh exon ri lqirupdo fuhglw jrhv wr
�qdqfh wudgh dqg surgxfwlrq1

Pxuvklg +4<<5, vwxglhv Gkdqhu Xsruh ordqv lq Edqjodghvk +|rx jhw
vrph dprxqw lq ulfh qrz dqg uhsd| vrph dprxqw lq ulfh odwhu,
dqg dujxhv wkdw prvw ordqv lq klv vdpsoh duh surgxfwlrq ordqv
ghvslwh wkh idfw wkdw wkh lqwhuhvw udwh lv 73( iru d 608 prqwk ordq
shulrg1

Jloo dqg Vlqjk +4<<:, uhsruw wkdw wkh exon +96136(, ri eruurzlqj iurp
wkh lqirupdo vhfwru jrhv wr �qdqfh surgxfwlrq1 Wklv sursruwlrq lv
orzhu iru wkh odqgohvv oderuhuv exw lw lv dq qrq0qhjoljleoh iudfwlrq
+69(,1

81 Ulfkhu shrsoh eruurz pruh dqg sd| orzhu udwhv ri lqwhuhvw1

Jkdwdn +4<:9, fruuhodwhv dvvhw fdwhjru| zlwk eruurzlqj2ghew lq wkh
Doo Lqgld Uxudo Fuhglw Vxuyh| gdwd dqg �qgv d vwurqj srvlwlyh
uhodwlrqvkls1

Wlpehuj dqg Dl|du +4<;7, uhsruw wkdw vrph ri wkh Vklndusxul dqg
Udvwrjl ohqghuv vhw d fuhglw olplw wkdw lv sursruwlrqdo wr wkh eru0
urzhu*v qhw zruwk= Vhyhudo ohqghuv vdlg wkdw wkh| zrxog ohqg qr
pruh wkdq 58( ri wkh eruurzhu*v qhw zruwk/ wkrxjk dqrwkhu vdlg
kh zrxog ohqg xs wr 66(1

Wkh �Vxppdu| Uhsruw rq Lqirupdo Fuhglw Pdunhwv lq Lqgld� +Gdv0
jxswd/ 4<;<, whoov xv wkdw lq wkhlu uxudo vdpsoh/ odqgohvv oderuhuv
sdlg pxfk kljkhu udwhv +udqjlqj iurp 5;0458(, wkdq fxowlydwruv
+zkr sdlg ehwzhhq 54 dqg 73(,1 Pruhryhu/ Wdeoh 481< lq wkdw
uhsruw fohduo| vkrzv wkdw wkh dyhudjh lqwhuhvw udwh ghfolqhv zlwk
ordq vl}h +iurp d pd{lpxp ri 77( wr d plqlpxp ri 57(,1 Wkh
uhodwlrq ehwzhhq dvvhw fdwhjru| dqg lqwhuhvw udwh sdlg lv ohvv fohdu
lq wkhlu gdwd exw lw uhpdlqv wkdw wkh vhfrqg srruhvw jurxs +wkrvh
zlwk dvvhwv lq wkh udqjh Uv 8/333043/333, sd|v wkh kljkhvw dyhudjh
udwh +453(, dqg wkh ulfkhvw +wkrvh zlwk pruh wkdq Uv 433/333,
sd| wkh orzhvw udwh +57(,1

;



Vzdplqdwkdq +4<<4, �qgv d vwurqj qhjdwlyh uhodwlrq ehwzhhq wkh
ydoxh ri wkh eruurzhu*v odqg dvvhwv dqg wkh lqwhuhvw udwh kh idfhv=
Wkh srruhvw +wkrvh zlwk qr odqg dvvhwv, sd| 771<( lq rqh yloodjh
dqg 7817( lq wkh rwkhu/ zkloh wkh ulfk +wkrvh zlwk odqg ydoxhg dw
pruh wkdq Uv 83/333, sd| 491<( dqg 5715( lq wkh fruuhvsrqglqj
yloodjhv1

Jloo dqg Vlqjk +4<<:, vkrz wkdw fruuhodwlrq ehwzhhq wkh zhdowk ri wkh
eruurzhu dqg ordq vl}h lv qhjdwlyh diwhu frqwuroolqj iru wkh lqwhuhvw
udwh1 Wkh| dovr �qg d srvlwlyh uhodwlrq ehwzhhq wkh eruurzhu*v
zhdowk dqg wkh ordq kh jhwv1

91 Eljjhu ordqv duh dvvrfldwhg zlwk orzhu lqwhuhvw udwhv1

Wdeoh 481< lq wkh �Vxppdu| Uhsruw rq Lqirupdo Fuhglw Pdunhwv lq
Lqgld� +Gdvjxswd/ 4<;<, fohduo| vkrzv wkdw wkh dyhudjh lqwhuhvw
udwh ghfolqhv zlwk ordq vl}h +iurp d pd{lpxp ri 77( wr d plql0
pxp ri 57(,1

Jkdwh +4<<5, qrwhv wkdw wkh lqwhuhvw udwh rq yhu| vpdoo ordqv lq
Edqjodghvk whqgv wr eh yhu| kljk +Wdnd 43 shu zhhn rq d ordq ri
Wdnd 833/ ru ;9( shu dqqxp,1

Jloo dqg Vlqjk +4<<:, vkrz wkdw wkh fruuhodwlrq ehwzhhq ordq vl}h dqg
wkh lqwhuhvw udwh lv qhjdwlyh hyhq diwhu wkh| frqwuro iru wkh zhdowk
ri wkh eruurzhu1

614 Wdnlqj Vwrfn= Wkh Idfwv derxw Fuhglw Pdunhwv

Wkh idfw wkdw wkhuh lv d jds ehwzhhq wkh ohqglqj udwh dqg wkh udwh sdlg wr
ghsrvlwruv lv qrw/ shu vh/ vxusulvlqj1 Wkh idfw wkdw lqwhuphgldwlrq lv frvwo|
lv/ diwhu doo/ hqwluho| frpprqsodfh1 Zkdw lv vwulnlqj lv wkh vl}h ri wkh jds1
Lw lv dozd|v pruh wkdq 43( dqg xvxdoo| pruh wkdq 47(/ lq d zruog zkhuh
lqwhuhvw udwhv sdlg wr ghsrvlwruv duh uduho| pruh wkdq 53( dqg xvxdoo| forvhu
wr 43(1 Lq rwkhu zrugv/ lqwhuphgldwlrq frvwv vhhp wr hdw xs dw ohdvw d wklug
dqg riwhq kdoi +dqg vrphwlphv pxfk pruh wkdq kdoi, ri wkh lqfrph wkdw
frxog jr wr ghsrvlwruv1

Krzhyhu/ wklv dujxphqw ryhuvwdwhv wkh srlqw voljkwo|1 Wkh suredelolw|
wkdw d prqh|ohqghu zrxog ghidxow rq klv ghsrvlw oldelolwlhv lv vxevwdqwldoo|
orzhu wkdq wkh suredelolw| wkdw eruurzhuv zloo ghidxow rq wkh ordq/ zklfk
lpsolhv wkdw wkh ghidxow suhplxp rq ordqv vkrxog eh pxfk juhdwhu wkdq wkh
ghidxow suhplxp rq ghsrvlwv1 Iurp wkh hylghqfh uhsruwhg deryh/ ghidxow lv
uhodwlyho| uduh dqg ghidxow frvwv uduho| udlvh wkh lqwhuhvw udwh e| pruh wkdq
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43(1 Wkh jds ehwzhhq ordq udwhv dqg ghsrvlw udwhv zrxog eh yhu| odujh hyhq
li zh zhuh wr ghgxfw 43( iurp wkh ordq udwh14849

Wkh idfw wkdw lqwhuhvw udwhv ydu| txlwh vr pxfk lv sduwlfxoduo| vwulnlqj
jlyhq wkh vwdqgdug qhrfodvvlfdo suhglfwlrq wkdw lq pdunhw htxloleulxp wkh
pdujlqdo xqlw ri fdslwdo lq hyhu| �up vkrxog hduq wkh vdph uhwxuq1 Krzhyhu/
jlyhq wkdw shrsoh pljkw eh udwlrqhg lq wkh fuhglw pdunhw/ lw lv wkhruhwlfdoo|
srvvleoh wkdw wkh pdujlqdo surgxfw ri fdslwdo lv dfwxdoo| htxdo lq doo lwv
xvhv/ ghvslwh wkh hqruprxv glvsdulwlhv lq wkh lqwhuhvw udwh1 Qrwh wkdw wkh
lqfuhphqwdo fdslwdo2rxwsxw udwlr iru wkh Lqgldq hfrqrp| lv hvwlpdwhg wr
eh durxqg 716/ lpso|lqj dq pdujlqdo uhwxuq rq fdslwdo ri 57(1 Wklv lv/
krzhyhu/ d jurvv phdvxuh dqg wkh wuxh uhwxuq/ qhw ri ghsuhfldwlrq/ lv fohduo|
vxevwdqwldoo| orzhu +qr pruh wkdq 53(,1 Wkh idfw wkdw lqwhuhvw udwhv deryh
68( duh vwdqgdug/ dqg wkrvh deryh :8( duh e| qr phdqv uduh/ vxjjhvwv wkdw
dw ohdvw vrph ri wkh xvhuv ri fdslwdo pxvw ydoxh fdslwdo dw vxevwdqwldoo| pruh
wkdq 53(1

Frxog lw eh wkdw doo ri wkh ghpdqg dw uhodwlyho| kljk lqwhuhvw udwhv frphv
iurp shrsoh zkr kdyh sduwlfxoduo| lqvlvwhqw frqvxpswlrq qhhgv wrgd|B Wklv
lv fhuwdlqo| qrw wkh vwdwhg sxusrvh ri wkh ordqv/ dv qrwhg deryh1 Ri frxuvh/
prqh| lv ixqjleoh dqg rqh fdqqrw uxoh rxw wkh srvvlelolw| wkdw vrph ri wkhvh
shrsoh duh hlwkhu ghoxghg ru xqwuxwkixo1 Krzhyhu/ lw uhpdlqv wkdw zkhq
d kdqgorrp surgxfhu eruurzv dw 7;( ru pruh wr �qdqfh frqvxpswlrq/ kh
fkrvh wr gr vr lqvwhdg ri wdnlqj wkh prqh| rxw ri klv h{lvwlqj exvlqhvv1
Wkhuhiruh/ lw pxvw eh wkdw kh zrxog orvh pruh wkdq 7;( rq dq| prqh| wkdw
frphv rxw ri klv exvlqhvv1 Wklv pd| eh lq sduw ehfdxvh lq wkh vkruw uxq
klv dvvhwv duh qrw oltxlg/ exw wklv frxog qrw h{sodlq zk| kh dffhswv rqjrlqj
�qdqflqj rq wkhvh whupv1 Wkhuhiruh/ kh pxvw eh hduqlqj pdujlqdo uhwxuqv
wkdw duh forvh wr 7;(14:

48Rqh pljkw eh zruulhg wkdw zkloh ghidxow udwhv duh orz rq dyhudjh/ ghidxow pd| eh yhu|
lpsruwdqw lq wkrvh fdvhv zkhuh wkh lqwhuhvw udwh lv kljk1 Krzhyhu/ wklv lv qrw d sureohp
vlqfh/ iru wkh prvw sduw/ zh orrn dw lqwhuhvw udwhv dqg ghidxow udwhv zhljkwhg e| yroxph
+ru htxlydohqwo|/ gr d Erwwrpoh| ^4<:8` ghfrpsrvlwlrq,1 Pruhryhu/ lq wkh rqh ghwdlohg
plfur0vwxg| zh kdyh zkhuh wkh dyhudjh lqwhuhvw udwh lv yhu| kljk +Dohhp/ 4<<3,/ ghidxow
udwhv duh dfwxdoo| yhu| orz +dozd|v ohvv wkdq 43(/ dqg xvxdoo| ohvv wkdq 5(,1

49Ghod| lq uhsd|phqw iru zklfk qr h{wud lqwhuhvw lv fkdujhg lv dqrwkhu idfwru wkdw udlvhv
wkh lqwhuhvw udwh1 Lq Dohhp*v gdwd/ ghod| lv pxfk pruh frpprq wkdq ghidxow/ exw lq d
vljql�fdqw iudfwlrq ri wkh fdvhv wkh ohqghu lv deoh wr fkdujh lqwhuhvw iru wkh h{wud gd|v1
Pruhryhu/ wkh shufhqwdjh ri ordqv wkdw duh odwh qhyhu h{fhhgv 58( dqg wkh dyhudjh ghod|
lv qr pruh wkdq 9 prqwkv/ vr dw zruvw wklv zrxog udlvh wkh lqwhuhvw udwh e| d idfwru ri 41451

4:Wkhuh lv/ rqfh djdlq/ wkh srvvlelolw| wkdw d sduw ri wkh uhdvrq zk| wkhvh udwhv duh vr
kljk lv ehfdxvh ri ghidxow ulvn1 Lq rwkhu zrugv/ wkh h{shfwhg uhwxuq rq wkh pdujlqdo xqlwv
ri fdslwdo qhhg qrw eh dv kljk dv 7;(1 Krzhyhu dv douhdg| revhuyhg/ ghidxowv frqwulexwh
uhodwlyho| olwwoh wr wkh ohyho ri wkh lqwhuhvw udwh1

43



Wkh idfw wkdw wkh pdujlqdo surgxfw ri fdslwdo ydulhv vxevwdqwldoo| dfurvv
eruurzhuv lq wkh vdph vxe0hfrqrp| lv vxssruwhg e| pruh gluhfw hylghqfh
iurp wkh nqlwwhg jduphqw lqgxvwu| edvhg rq gdwd wkdw L froohfwhg lq mrlqw
zrun zlwk Ndlydq Pxqvkl +Edqhumhh dqg Pxqvkl/ 5334,1 Wluxsxu surgxfhv
:3( ri Lqgld*v nqlwwhg jduphqw h{sruwv/ dqg Lqgld lv d pdmru h{sruwhu ri
nqlwwhg jduphqwv1 Wkhuh duh wzr frppxqlwlhv ri surgxfhuv lq Wluxsxu=
Jrxqghuv/ zkr duh olqnhg e| frppxqlw| wlhv wr d ulfk orfdo djulfxowxudo
frppxqlw|> dqg Rxwvlghuv/ d prwoh| fuhz ri exvlqhvvphq iurp doo ryhu
Lqgld1 Wkh| surgxfh h{dfwo| wkh vdph jrrgv/ |hw wkh| xvh udglfdoo| gl�huhqw
whfkqrorjlhv1 Jrxqghuv lqyhvw pxfk pruh wkdq Rxwvlghuv dw doo ohyhov ri
h{shulhqfh/ erwk lq devroxwh whupv dqg uhodwlyh wr rxwsxw1 Dyhudjh fdslwdo0
rxwsxw udwlrv iru Jrxqghuv fdq eh wkuhh wlphv dv odujh dv wkdw iru Rxwvlghuv
dqg lv w|slfdoo| wzlfh dv odujh1 Krzhyhu/ doo wkh hylghqfh srlqwv wr wkh
Rxwvlghuv ehlqj pruh deoh= wkh| hqmr| idvwhu rxwsxw jurzwk dqg wkhlu rxwsxw
rxwvwulsv wkdw ri wkh Jrxqghuv diwhu d ihz |hduv1

Rqh srvvleoh vlwxdwlrq zkhuh kljk delolw| shrsoh pd| lqyhvw ohvv zrxog
eh li fdslwdo zhuh ohvv xvhixo iru wkhp/ zklfk zrxog eh wkh fdvh li delolw| dqg
fdslwdo zhuh vxevwlwxwhv lq wkh surgxfwlrq ixqfwlrq1 Wkh hylghqfh/ krzhyhu/
srlqwv djdlqvw wklv h{sodqdwlrq= Zkhq zh frpsduh Jrxqghuv zlwk Jrxqghuv
ru Rxwvlghuv zlwk Rxwvlghuv/ lw lv fohdu wkdw wkrvh zkr jurz idvwhu dqg
surgxfh pruh dovr lqyhvw pruh1 Wkhuhiruh/ lw vhhpv uhodwlyho| fohdu wkdw wkh
Rxwvlghuv lqyhvw ohvv ghvslwh kdylqj d kljkhu pdujlqdo surgxfw ri fdslwdo14;

Zkdw h{sodlqv zk| wkh fuhglw pdunhwv ehkdyh lq wklv zd|B Zk| lv
lqwhuphgldwlrq vr lqh!flhqw zlwk vrph shrsoh dqg vr h!flhqw zlwk rwkhuvB
Zk| duh wkh ulfk eruurzhuv dqg wkrvh zkr eruurz pruh idyruhg e| wkh
pdunhwB

Wkh vwdqgdug wkhru| ri lqwhuhvw udwhv ghfrpsrvhv wkhp lqwr ghidxow udwhv/
rssruwxqlw| frvw/ wudqvdfwlrq frvwv dqg prqrsro| uhqwv1 Wklv lv xvhixo gh0
vfulswlyho| exw vwrsv zhoo vkruw ri dq h{sodqdwlrq�wkh sureohp lv wkdw qrqh
ri wkhvh fdq eh vhhq dv lqghshqghqw fdxvdo idfwruv1 Wdnh wkh h{dpsoh ri
ghidxow udwhv1 Wkh idfw wkdw ghidxow udwhv duh uhodwlyho| orz lv qrw d idfw
derxw wkh qdwxuh ri ghidxow= Wlpehuj dqg Dl|du +4<;7, revhuyh wkdw vrph

4;Wklv lv zkdw Fdedoohur dqg Kdpprxu +5333, fdoo vfudpeolqj1 Wkh sur{lpdwh uhdvrq/ lw
dsshduv/ lv wkh Jrxqghuv kdyh d orw ri lqyhvwleoh ixqgv wkdw wkh| fdqqrw sur�wdeo| ohqg rxw
ehfdxvh lqwhuphgldwlrq lv vr lqh!flhqw lq Lqgld1 Lqvwhdg/ wkh| vhw xs wkhlu rzq jduphqw
�upv ru ohqg wr iulhqgv dqg idplo| lq wkh jduphqw exvlqhvv1 Vlqfh wkhvh �upv duh vhw xs
dv d frqgxlw iru wklv vxusoxv fdslwdo/ wkh| duh qrw uhtxluhg wr eh sduwlfxoduo| surgxfwlyh1
Wkh Rxwvlghuv/ e| frqwudvw/ frph iurp wudglwlrqdo hqwuhsuhqhxuldo frppxqlwlhv dqg/ dv
d uhvxow/ wkhlu fdslwdo suredeo| kdv pdq| dowhuqdwlyh xvhv1 Lq rwkhu zrugv/ wkh| gr qrw
lqyhvw lq Wluxsxu ehfdxvh wkh| odfn rwkhu fkrlfhv1 Wklv pdnhv wkhp pruh olnho| wr eh
surgxfwlyh exw dovr ohvv zloolqj wr lqyhvw d orw1
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eudqfkhv ri wkh vwdwh0rzqhg frpphufldo edqnv lq Lqgld kdyh ghidxow udwhv
xs wr 930:3(1 Wkh orz ghidxow udwhv revhuyhg lq wkh vwxglhv zh phqwlrq duh
d uhvxow ri wkh vwhsv wdnhq e| ohqghuv wr dyrlg ghidxow1

Prqlwrulqj wkh eruurzhu lv dq reylrxv h{dpsoh ri wkh nlqg ri vwhsv wkdw
ohqghuv wdnh1 Lw lv dovr dq lpsruwdqw vrxufh ri zkdw jrlhv xqghu wkh uxeulf
ri wudqvdfwlrq frvwv= Dohhp +4<<3, dqg Luidq hw do1 +4<<<, surylgh d olvw ri
vwhsv wdnhq e| wkh ohqghu wr dyrlg ghidxow1 Wkhvh lqfoxgh jhwwlqj wr nqrz
wkh eruurzhu wkurxjk rwkhu wudqvdfwlrqv/ ylvlwlqj klv hvwdeolvkphqw/ pdnlqj
hqtxlulhv derxw klp dqg jrlqj diwhu klp wr pdnh vxuh kh uhsd|v1

Ohqghuv dovr surwhfw wkhpvhoyhv e| olplwlqj wkhlu ohqglqj wr eruurzhuv
wkh| nqrz14< Wklv kdv irxu lpsruwdqw frqvhtxhqfhv1 Iluvw/ lw sxvkhv fdslwdo
wrzdugv zhoo0frqqhfwhg eruurzhuv dqg dzd| iurp ohvv zhoo0frqqhfwhg eru0
urzhuv/ hyhq zkhq wkhuh lv qr gl�huhqfh lq wkhlu surgxfwlylw|1 Vhfrqg/ lw
pdnhv lw lpsruwdqw wkdw ohqglqj eh orfdo�wkh ohqghu pxvw nqrz dqg wuxvw
klv eruurzhuv1 Wklv dggv rqh ru pruh od|huv ri lqwhuphgldwlrq wr wkh surfhvv
ri ohqglqj/ zlwk dgglwlrqdo wudqvdfwlrq frvwv hqwhulqj dw hdfk ri wkh vwdjhv/
zklfk udlvhv wkh rssruwxqlw| frvw ri fdslwdo1 Wklug/ lw irufhv wkh ohqghu wr
olplw klv ohqglqj/ zlwk wkh frqvhtxhqfh wkdw erwk klv fdslwdo dqg klv vnloov
dv d ohqghu pd| uhpdlq xqxvhg iru d vljql�fdqw sduw ri wkh wlph1 Wklv udlvhv
erwk wkh rssruwxqlw| frvw ri wkh fdslwdo dqg wkh wudqvdfwlrq frvw +zklfk
lqfoxghv d sduw ri wkh ohqghu*v wlph,1 Ilqdoo|/ lw jlyhv wkh ohqghu vrph h{
srvw prqrsro| srzhu/ dv d eruurzhu zrxog �qg lw kdug wr ohdyh d ohqghu
zkr nqrzv klp zhoo1 Xqghu frpshwlwlyh frqglwlrqv/ wkhvh h{ srvw uhqwv zloo
eh glvvlsdwhg lq h{ dqwh frpshwlwlrq/ zlwk ohqghuv lq h�hfw vxevlgl}lqj qhz
eruurzhuv lq rughu wr h{wudfw uhqwv odwhu iurp wkrvh zkr zloo ehfrph klv
orqj0whup folhqwv1

Zkdw wklv whoov xv lv wkdw wkh irxu frpsrqhqwv ri wkh lqwhuhvw udwh duh doo
mrlqwo| ghwhuplqhg lq wkh surfhvv ri wkh ohqghu pdnlqj klv ohqglqj ghflvlrqv1
Ghshqglqj rq wkh ohqghu*v vwudwhj|/ lw frxog eh wkdw wkh wudqvdfwlrq frvwv
grplqdwh ru wkh rssruwxqlw| frvw grplqdwhv ru wkdw ghidxow ru prqrsro|
uhqwv ehfrph yhu| lpsruwdqw1 Wkh vwudwhj| frxog eh yhu| gl�huhqw ghshqg0
lqj rq wkh qdwxuh ri wkh folhqwhoh dqg rwkhu hqylurqphqwdo fkdudfwhulvwlfv1
Wklv pd| eh d sduw ri wkh uhdvrq zk| gl�huhqw shrsoh kdyh wdnhq yhu| gli0
ihuhqw ylhzv ri lqirupdo fuhglw pdunhwv= Dohhp/ iru h{dpsoh/ �qgv wkdw iru
hyhu| uxshh ohqw/ derxw kdoi d uxshh jrhv lqwr wudqvdfwlrq frvwv/ zkloh lq
Gdvjxswd +4<;<, rqo| derxw 63( ri lqwhuhvw frvwv duh h{sodlqhg e| wudqv0
dfwlrq frvwv +vwulfwo| hvwdeolvkphqw frvwv, zkloh Jkdwh +4<<5, dujxhv wkdw

4<Vhh PfPloodq dqg Zrrgux� +4<<<,1
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wudqvdfwlrq frvwv duh xqlpsruwdqw h{fhsw lq wkh fdvh ri yhu| vpdoo ordqv153

Wkh idfw wkdw doo wkhvh ghflvlrqv duh lqwhuuhodwhg fohduo| pdnhv lw gdqjhu0
rxv wr xvh dq| vlqjoh rqh ri wkhvh frpsrqhqwv dv d phdvxuh ri wkh h!flhqf| ri
lqwhuphgldwlrq1 Iru h{dpsoh/ Jkdwh +4<<5, vhhv wkh orz ohyho ri wudqvdfwlrq
frvwv lq klv vdpsoh dv hylghqfh iru wkh uhpdundeoh h!flhqf| ri lqirupdo ohqg0
lqj1 Exw/ dv kdv douhdg| ehhq qrwhg/ wudqvdfwlrq frvwv pd| eh orz ehfdxvh
wkh ohqghuv duh yhu| fkrrv| derxw wr zkrp wkh| ohqg1 Wklv udlvhv wkh rs0
sruwxqlw| frvw ri fdslwdo +vlqfh fdslwdo lv riwhq lgoh, dqg olplwv fuhglw dffhvv/
erwk ri zklfk kdyh wkhlu zhoiduh frvwv1 Olnhzlvh/ wkh orz udwh ri ghidxowv lq
lqirupdo wudqvdfwlrq lv riwhq phqwlrqhg dv hylghqfh iru wkhlu h!flhqf|/ exw
wklv lv reylrxvo| plvohdglqj li lw frphv dw wkh frvw ri lqfuhdvhg prqlwrulqj
ru uhgxfhg ohqglqj1 Ilqdoo|/ wkh suhvhqfh ri uhqwv lq ohqglqj lv qrw/ shu vh/
hylghqfh iru odfn ri frpshwlwlrq lq wkh pdunhw1 Dv srlqwhg rxw deryh/ lq
wklv w|sh ri pdunhw/ h{ srvw uhqwv duh frqvlvwhqw zlwk h{ dqwh frpshwlwlrq1

D ixuwkhu lpsolfdwlrq ri wklv revhuydwlrq lv wkdw erwk ordq vl}h dqg wkh
lqwhuhvw udwh duh mrlqwo| ghwhuplqhg dqg wkhuhiruh rqh fdqqrw jlyh d fdxvdo
lqwhusuhwdwlrq ri wkh uhodwlrq ehwzhhq lqwhuhvw udwhv dqg ordq vl}h uhsruwhg
deryh1 Udwkhu/ rqh vkrxog vhh erwk ri wkhvh dv rxwfrphv wkdw duh ghwhu0
plqhg e| pruh sulplwlyh yduldeohv vxfk dv wkh zhdowk ri wkh eruurzhu/ klv
surgxfwlylw|/ wkh oltxlglw| ri klv dvvhwv/ hwf1 Wklv dovr pdnhv lw kdughu wr
lqwhusuhw wkh uhsruwhg qhjdwlyh uhodwlrq ehwzhhq wkh eruurzhu*v zhdowk dqg
wkh lqwhuhvw udwh1 Lq sulqflsoh/ lw frxog eh hqwluho| d uhvxow ri wkh idfw wkdw
ulfk eruurzhuv eruurz pruh1

Prvw lpsruwdqwo|/ wklv olqh ri dujxphqw xqghuvfruhv wkh lpsruwdqfh ri
ghyhorslqj d surshu wkhru| ri fuhglw pdunhwv1 Vxfk d wkhru| zrxog h{sodlq
wkh yduldwlrq lq lqwhuhvw udwhv dqg wkh jds ehwzhhq lqwhuhvw udwhv dqg ghsrvlw
udwhv lq whupv ri wkh wuxh sulplwlyhv ri wkh prgho/ dqg pdnh suhglfwlrqv
derxw wkh uhodwlrq ehwzhhq ordq vl}h dqg lqwhuhvw udwhv dqg eruurzhu dqg
ohqghu fkdudfwhulvwlfv1 Zkloh wkhuh lv d orqj wudglwlrq ri prghov ri lpshuihfw
fuhglw pdunhwv jrlqj edfn wr Md�hh dqg Uxvvho +4<:9, dqg Vwljolw} dqg Zhlvv
+4<;4,/ dqg wkh dujxphqwv ehklqg zk| fuhglw pdunhwv fdq idlo/ edvhg rq
prudo kd}dug dqg2ru dgyhuvh vhohfwlrq/ duh zhoo0nqrzq/ L ihho wkdw lw lv xvhixo
wr ghyhors d iudphzrun wkdw kdv d pruh gluhfw hpslulfdo rulhqwdwlrq1

53Hyhq zlwklq wkh vhw ri fdvh0vwxglhv uhsruwhg e| Jkdwh/ wkhuh vhhpv wr eh frqvlghudeoh
yduldwlrq1 Lq Nhudod/ wkh fdvh0vwxg| frqfoxghv wkdw wudqvdfwlrq frvwv duh ri qhjoljleoh
lpsruwdqfh zkloh wkh Wkdl vwxg| frqfoxghv wkdw wudqvdfwlrq frvwv dgghg ehwzhhq 6 dqg47
shufhqwdjh srlqwv wr wkh lqwhuhvw frvw1
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615 D Vlpsoh Prgho ri Prudo Kd}dug lq wkh Fuhglw Pdunhw

Wkhuh lv dq lqyhvwphqw rssruwxqlw| zkrvh jurvv uhwxuqv duh I +N,U+s, zlwk
suredelolw| s dqg 3 rwkhuzlvh/ zkhuh N lv wkh dprxqw lqyhvwhg dqg I +�, lv
d surgxfwlrq ixqfwlrq1 Li dq lqyhvwru zdqwv wr lqyhvw pruh wkdq klv zhdowk/
Z> kh zloo qhhg wr eruurz1 Wkhuh lv d fdslwdo pdunhw dqg wkh +jurvv, frvw ri
fdslwdo lq wkdw pdunhw lv �1 Wr pdnh wklv sureohp lqwhuhvwlqj lw lv dvvxphg
wkdw=

41 s lv d fkrlfh iru wkh lqyhvwru exw lv xqrevhuyhg e| wkh ohqghu1 s wdnhv
d ydoxh ehwzhhq sf dqg s�1

51 H+s, � sU+s, kdv wkh surshuw| wkdw H�+sf, A 3> dqg H��+s, � 3=
61 Wkh rqo| srvvleoh frqwudfw lv d ordq frqwudfw154

61514 Wkh Edvlf Prudo Kd}dug Sureohp

Wkh rswlpdo ydoxh ri s> sW lv fohduo| juhdwhu wkdq sf dqg pd| ru pd| qrw
eh ohvv wkdq s�1 Wkh frpelqdwlrq ri wkh uhvw ri wkh dvvxpswlrqv whoo xv wkdw
wkhuh lv qr jxdudqwhh wkdw sW zrxog eh fkrvhq lq htxloleulxp1 Wr vhh wklv/
qrwh wkdw wkh eruurzhu/ zkr lv dvvxphg wr eh ulvn0qhxwudo/ zloo fkrrvh s wr
pd{lpl}h I +N,H+s,� su+N �Z ,/ zkhuh u lv wkh lqwhuhvw udwh wkdw kdv wr
eh sdlg wr wkh ohqghu wr pdnh klp zloolqj wr ohqg1

Wkh eruurzhu zloo fkrrvh s vxfk wkdw H�+s,I +N, � u+N � Z , @ 3155

Wklv lv txlwh reylrxvo| lqfrqvlvwhqw zlwk wkh vrfldo rswlpxp= wkh eruurzhu
fohduo| zdqwv wr fkrrvh s ? sW1 Wklv lv wkh vwdqgdug lqfhqwlyh sureohp lq
fuhglw pdunhwv= Vrflhw| fduhv derxw qhw rxwsxw exw wkh eruurzhu rqo| fduhv
derxw zkdw uhpdlqv diwhu sd|lqj lqwhuhvw1 Wklv lv wkh hvvhqfh ri doo prghov
ri h{ dqwh prudo kd}dug lq wkh fuhglw pdunhw1

Qh{w/ qrwlfh wkdw wkh �uvw rughu frqglwlrq iru wkh eruurzhu*v fkrlfh ri s
fdq eh uhzulwwhq lq wkh irup=

H�+s,
I +N,

N
@ u+4� Z

N
,1 +4,

Iurp wklv htxdwlrq lw lv hylghqw wkdw s ghshqgv rq wkuhh wklqjv= Wkh
dyhudjh surgxfw ri fdslwdo/ I +N,@N> wkh ohyhudjh udwlr N@Z > dqg wkh lq0
whuhvw udwh/ u1 Li fdslwdo lv pruh surgxfwlyh/ wkh eruurzhu lv ohvv lqfolqhg wr

54Wklv uxohv rxw pdnlqj wkh eruurzhu*v sd|phqwv ghshqg rq wkh surmhfw*v uhdol}hg uh0
wxuqv1 Gldprqg +4<;<, mxvwl�hv wklv dvvxpswlrq e| dvvxplqj wkdw wkh uhdol}hg uhwxuq lv
qrw sxeolfo| revhuydeoh h{fhsw e| pdnlqj xvh ri d oltxlgdwlrq surfhhglqj/ zklfk lv frvwo|
wr wkh srlqw ri xvlqj xs doo dydlodeoh rxwsxw1 Wklv pdnhv vxuh wkdw d eruurzhu zloo qrw
zlooixoo| ghidxow dv orqj dv wkh ohqghu wkuhdwhqv wr jr lqwr oltxlgdwlrq zkhqhyhu kh ghidxowv1

55Dvvxplqj dq lqwhulru rswlpxp h{lvwv1
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plvehkdyh/ dqg wklv lv uh hfwhg lq d orzhu s= Ehlqj pruh ohyhudjhg zruvhqv
klv lqfhqwlyhv dqg vr grhv d kljkhu lqwhuhvw udwh/ zklfk lv frqvlvwhqw zlwk wkh
revhuydwlrq pdgh deryh wkdw wkh lqwhuhvw frvw exughq lv wkh vrxufh ri wkh
glvwruwlrq1

Surshuw| 41 H!flhqf|= Wkhuh lv ohvv lqh!flhqf| lq wkh
fuhglw uhodwlrqvkls zkhq wkhuh lv ohvv ohyhudjlqj/ zkhq
wkh lqwhuhvw udwh lv orzhu/ dqg zkhq wkh surmhfw lv pruh
surgxfwlyh1

Iurp wklv lw iroorzv wkdw wkh htxloleulxp ydoxh ri s fdq eh zulwwhq lq wkh
irup=

s @ s+U>I +N,@N,/

zkhuh U @ u+4 � `
g , lv wkh lqwhuhvw frvw shu xqlw ri lqyhvwphqw1 Fohduo|

YR
Y- ? 3 dqg YR

Y8 Eg�*g A 31 Zulwlqj wkh uhodwlrq lq wklv irup gudzv dwwhqwlrq
wr wkh lpsruwdqw uroh sod|hg e| wkh vkdsh ri wkh surgxfwlrq ixqfwlrq1 Zkhq
I +�, lv frqfdyh/ I +N,@N ghfuhdvhv dv d ixqfwlrq ri N1 Wkhuhiruh/ wkrvh zkr
lqyhvw pruh zloo eh pruh oldeoh wr prudo kd}dug/ hyhq diwhu frqwuroolqj iru
wkh ohyhudjh udwlr1 Krzhyhu/ li I lv frqyh{/ dw ohdvw ryhu d udqjh/ lqfuhdvlqj
wkh ohyho ri lqyhvwphqw pd| lqfuhdvh sur�wdelolw| dqg lpsuryh wkh eruurzhu*v
lqfhqwlyhv1 Dv zh zloo vhh/ wklv glvwlqfwlrq pd| eh yhu| lpsruwdqw iru vrph
txhvwlrqv1

61515 Wkh Lqwhuhvw Udwh

Zh kdyh vr idu wuhdwhg u dv d sdudphwhu1 Lq idfw/ li wkhuh lv frpshwlwlrq lq
ohqglqj/ ohqghuv vkrxog qrw pdnh dq| sur�wv/ zklfk zrxog lpso| wkdw

u @ �@s/ +5,

ru
U @ �+4�Z@N,@s @

�

s
/

zkhuh � lv wkh frvw ri fdslwdo shu xqlw ri lqyhvwphqw156 Vroylqj s @ s+U>I +N,@N,
dorqj zlwk U @ �@s/ jlyhv xv s @ hs+�> I +N,@N, dqg U @ hU+�> I +N,@N,1

56Wkh dvvxpswlrq ri shuihfw frpshwlwlrq lq wkh fuhglw pdunhw lv qrw xqfrqwuryhuvldo1
Wkhuh lv d orqj wudglwlrq ri sdshuv wkdw ylhz kljk lqwhuhvw udwhv dv hylghqfh iru prqrsro|
srzhu lq wkh fuhglw pdunhw1 Krzhyhu/dv douhdg| srlqwhg rxw/ wkh lvvxh ri uhqwv lq wkh
fuhglw pdunhw lv olnho| wr eh txlwh gholfdwh/ vlqfh frpshwlwlrq rshudwhv h{ dqwh udwkhu wkdq
h{ srvw1 Wkhuhiruh/ wkh devhqfh ri h{ dqwh uhqwv lv frqvlvwhqw zlwk Ekdgxul*v +4<::, prgho
ri krz ohqghuv wuds eruurzhuv lqwr d shupdqhqw f|foh ri ghew dqg ghew uhsd|phqw1 Wkh
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Krzhyhu/ lw lv hdv| wr frqvwuxfw h{dpsohv zkhuh wkhvh htxdwlrqv kdyh pxo0
wlsoh vroxwlrqv= Lqwxlwlyho|/ d idoo lq s udlvhv u/ exw d ulvh lq u/ dv zh douhdg|
vdz/ sxwv grzqzdug suhvvxuh rq s1 Lw lv qrw fohdu/ krzhyhu/ wkdw zh fdq
lqwhusuhwhg wkhvh dv pxowlsoh htxloleuld�li wkh ohqghu nqrzv wkh uxohv ri wkh
jdph/ kh nqrzv wkdw kh fdq slfn wkh ehvw htxloleulxp dqg pdnh hyhu|rqh
ehwwhu r�/ vlpso| e| vhwwlqj wkh uljkw lqwhuhvw udwh1 Wkhuhiruh/ xqohvv wkh
ohqghu lv erxqghgo| udwlrqdo/ zh vkrxog suredeo| dvvxph wkdw wkh ehvw htxl0
oleulxp lv dozd|v fkrvhq1 Wklv lv wkh htxloleulxp zlwk wkh orzhvw lqwhuhvw
udwh1

Dvvxplqj wkdw wklv lv wkh htxloleulxp/ wkh frpsdudwlyh vwdwlfv ri wkh s+�,
ixqfwlrq duh lqkhulwhg e| wkh hs+�, ixqfwlrq/ dqg hu @ 4

hR vkduhv wkh surshuwlhv
ri wkh hs ixqfwlrq/ rqo| uhyhuvhg1 D orzhu ohyhudjh udwlr lqfuhdvhv s dqg orzhuv
wkh lqwhuhvw udwh/ dv grhv d kljkhu dyhudjh surgxfw ri fdslwdo1 Orzhulqj wkh
frvw ri fdslwdo orzhuv wkh udwh ri lqwhuhvw pruh wkdq sursruwlrqdwho| vlqfh
wkh uhsd|phqw udwh jrhv xs1

Surshuw| 51 Lqwhuhvw Udwhv= Eruurzhuv zkr duh pruh
ohyhudjhg whqg wr sd| kljkhu udwhv/ zkloh pruh surgxf0
wlyh eruurzhuv sd| orzhu udwhv1 Udlvlqj wkh frvw ri fds0
lwdo udlvhv wkh lqwhuhvw udwh pruh wkdq sursruwlrqdwho|1

61516 Wkh Ohyho ri Lqyhvwphqw

Wkh qh{w vwhs lv wr hqgrjhql}h wkh ohyho ri eruurzlqj1 Wkh eruurzhu*v fkrlfh
ri N pd{lpl}hv

I +N,H+s,� �+N �Z ,

xqghu wkh dvvxpswlrq wkdw s ghshqgv rq N wkurxjk wkh hs+�, ixqfwlrq1 Wkh
�uvw rughu frqglwlrq iru wkdw pd{lpl}dwlrq lv=

I �+N,H+s,.I +N,H�+s,
Cs

CI +N,@N

CI +N,@N

CN
.I +N,H�+s,

Cs

C�

�

Z
@ �1 +6,

Li zh frpsduh wklv zlwk wkh �uvw rughu frqglwlrq lq d �uvw ehvw zruog/
I �+N,H+sW, @ �/ zh vhh wkdw wkhuh duh wkuhh vrxufhv ri glvwruwlrq1 Iluvw/
H+s, ? H+sW,/ zklfk vd|v wkdw fdslwdo lv ohvv surgxfwlyh dqg wkhuhiruh wkh
eruurzhu zdqwv wr lqyhvw ohvv1 Vhfrqg/ YRYK lv qhjdwlyh zklfk dovr glvfrxudjhv

hylghqfh vhhpv wr vxssruw wkh k|srwkhvlv ri h{ dqwh frpshwlwlrq= Wkh ihz vwxglhv +Jkdwh
+4<<5,/ Gdvjxswd +4<;<,/ Dohhp +4<;<, wkdw frpsxwh wkh jds ehwzhhq wkh lqwhuhvw udwh
fkdujhg dqg wkh ydulrxv frvwv ri ohqglqj +rssruwxqlw| frvw/ prqlwrulqj frvwv/ ghidxow frvwv,
gr qrw �qg d odujh jds rq dyhudjh/ wkrxjk rqh fdqqrw uhmhfw wkh srvvlelolw| wkdw wkhuh lv
d odujh uhqw frpsrqhqw lq pdq| lqglylgxdo wudqvdfwlrqv1
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lqyhvwphqw1 Ilqdoo|/ wkhuh lv wkh vhfrqg whup rq wkh ohiw0kdqg0vlgh/ zklfk fdq
eh srvlwlyh ru qhjdwlyh ghshqglqj rq wkh vljq ri Y8 Eg�*g

Yg 1 Wklv/ dv zh kdyh
douhdg| revhuyhg/ ghshqgv rq zkhwkhu wkh surgxfwlrq ixqfwlrq lv frqfdyh
ru qrw1 Li lw lv frqfdyh/ wkh vhfrqg whup lv qhjdwlyh dqg lw lv xqdpeljxrxvo|
wuxh wkdw lpshuihfwlrqv lq wkh fdslwdo pdunhw ohdg wr ohvv lqyhvwphqw1 Li qrw/
wkh vhfrqg whup pd| eh srvlwlyh dqg li wklv h�hfw lv odujh hqrxjk/ lw frxog
rxwzhljk wkh �uvw h�hfw dqg jhqhudwh ryhu0lqyhvwphqw1 Zkhwkhu wklv srvvl0
elolw| lv dfwxdoo| zruwk wdnlqj vhulrxvo| uhpdlqv dq rshq txhvwlrq/ dzdlwlqj
pruh suhflvh fdoleudwlrqv ri wkh prgho157

Dqrwkhu lpsruwdqw surshuw| ri wkh �uvw ehvw lv wkdw wkh dprxqw lqyhvwhg
lv lqghshqghqw ri wkh zhdowk ri wkh lqyhvwru1 Lq rxu suhvhqw prgho/ li zh zhuh
wr lqfuhdvh Z / nhhslqj N �{hg/ zh nqrz iurp Surshuw| 4 wkdw s zrxog jr
xs/ udlvlqj H+s, dqg uhgxflqj H�+s,1 Dv orqj dv I lv frqfdyh/ erwk ri wkhvh
h�hfwv jr lq wkh vdph gluhfwlrq= Wkh| erwk udlvh wkh uhzdugv iru lqyhvwlqj
pruh/ dqg wkhuhiruh wkhuh lv pruh lqyhvwphqw158 Lq idfw/ lq wkh vshfldo fdvh
zkhuh I +N, @ �N/ l1h1/ d olqhdu surgxfwlrq whfkqrorj|/ N qrw rqo| jrhv xs
zkhq Z jrhv xs/ lw lv suhflvho| sursruwlrqdo wr Z 1

Wkh jhqhudo fdvh ri d qrq0frqfdyh I whqgv wr eh frpsoh{1 Rqh lqwhu0
hvwlqj h{dpsoh/ zkhuh wkhuh lv d vlqjoh lqglylvleoh lqyhvwphqw/ wxuqv rxw wr
eh yhu| vwudljkwiruzdug1 Lq wklv fdvh shrsoh hlwkhu lqyhvw ru gr qrw/ dqg
vlqfh wkrvh zkr kdyh pruh zhdowk fkrrvh d kljkhu s dw wkh vdph ohyho ri
lqyhvwphqw +Surshuw| 4,/ wkh| duh wkh rqhv zkr zloo lqyhvw1 Pruh jhqhudoo|/
qrq0frqyh{ surgxfwlrq whfkqrorjlhv udlvh wkh srvvlelolw| wkdw wkh srru zloo
dfwxdoo| lqyhvw pruh wkdq wkh ulfk= Lqwxlwlyho|/ li wkh surgxfwlrq ixqfwlrq lv
frqyh{/ lqfuhdvlqj lqyhvwphqw udlvhv surgxfwlylw|/ zklfk lpsuryhv lqfhqwlyhv
wkurxjk lwv gluhfw h�hfw1 Krzhyhu/ wkhuh lv dovr dq lqgluhfw h�hfw= Lqyhvwlqj
pruh pdnhv wkh eruurzhu pruh ohyhudjhg dqg wklv zruvhqv lqfhqwlyhv1 Wkh
edodqfh ri wkhvh wzr h�hfwv pd| eh gl�huhqw iru wkh ulfk dqg wkh srru/ vlqfh
wkhlu lqfhqwlyh sureohpv duh gl�huhqw/ dqg lq sulqflsoh lw frxog eh wkdw wkh
srru hqg xs lqyhvwlqj pruh1 Krzhyhu/ lw vhhpv xqolnho| wkdw wkhvh h�hfwv
zrxog grplqdwh wkh pdlq h�hfw ri ehlqj ulfkhu/ zklfk lv wkdw +dw wkh vdph
ohyho ri lqyhvwphqw, ulfkhu shrsoh duh ohvv ohyhudjhg dqg wkhuhiruh kdyh ehwwhu
lqfhqwlyhv dqg dv d uhvxow wkhlu fdslwdo lv pruh surgxfwlyh1

Orzhulqj wkh frvw ri fdslwdo lq wklv prgho lqfuhdvhv s dqg wklv/ dv dujxhg
deryh/ hqfrxudjhv lqyhvwphqw1 Krzhyhu/ orzhulqj wkh frvw ri fdslwdo dovr
lqfuhdvhv wkh dprxqw lqyhvwhg lq wkh �uvw ehvw/ vr wkdw wkhuh lv qr fohdu

57Ohkqhuw/ Oljrq dqg Wrzqvhqg +4<<<, dujxh wkdw wklv lv d uhdo srvvlelolw|1
58Dfwxdoo|/ wkhuh lv d wklug h�hfw= Lqfuhdvlqj `*g/ lw fdq eh vkrzq/ uhgxfhv

YR*Y8 Eg�*g/ wkhuhe| uhlqiruflqj wkh h�hfw ri wkh idoo lq .�ER�1
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suhglfwlrq iru wkh h{whqw ri xqghulqyhvwphqw1

Surshuw| 61 Wkh Ohyho ri Lqyhvwphqw= Fdslwdo pdunhw
lpshuihfwlrqv ohdg wr xqghu0lqyhvwphqw lq wkh w|slfdo
fdvh/ wkrxjk lw lv qrw lqfrqfhlydeoh wkdw wkh| frxog jhq0
hudwh ryhu0lqyhvwphqw1 Wkh pruh zhdowk| zloo whqg wr
lqyhvw pruh lq devroxwh whupv1 Zkhq wkh surgxfwlrq
whfkqrorj| lv olqhdu/ wkh dprxqw lqyhvwhg zloo eh sursru0
wlrqdo wr wkh lqyhvwru*v zhdowk1 Zkhq wkhuh lv d vlqjoh
lqglylvleoh lqyhvwphqw/ wkh ulfk duh pruh olnho| wr lqyhvw
wkdq wkh srru1 Orzhulqj wkh frvw ri fdslwdo lqfuhdvhv
lqyhvwphqw1

Fdslwdo pdunhw lpshuihfwlrqv uhgxfh wkh ghpdqg iru fdslwdo1 Iru d jlyhq
vxsso| fxuyh ri fdslwdo/ wklv phdqv wkdw wkh frvw ri fdslwdo zloo eh orzhu wkdq
lw zrxog eh rwkhuzlvh1 Lq wkh orqjhu uxq/ krzhyhu/ wkh vxsso| ri fdslwdo
zloo dovr uhvsrqg wr wkh sdwwhuq ri zhdowk fuhdwlrq jhqhudwhg e| wkh fdslwdo
pdunhw lpshuihfwlrq dqg wkh qhw lpsdfw rq wkh frvw ri fdslwdo lv dpeljxrxv1

Surshuw| 7= Wkh Frvw ri Fdslwdo= Iru d jlyhq vxsso|
fxuyh iru fdslwdo/ lpshuihfw fdslwdo pdunhwv zloo kdyh d
orzhu frvw ri fdslwdo/ exw wklv lv qr orqjhu qhfhvvdulo|
wuxh rqfh zh wdnh lqwr dffrxqw wkh lpsdfw ri wkh fdslwdo
pdunhw lpshuihfwlrq rq wkh vxsso| ri fuhglw1

61517 Lqwurgxflqj Prqlwrulqj

Wkh prgho ghyhorshg vr idu lv xvhixo lq ghyhorslqj lqwxlwlrq derxw krz wkh
fuhglw pdunhw zrunv exw lw kdv dq lpsruwdqw olplwdwlrq lq whupv ri h{sodlqlqj
wkh gdwd1 Dv zh kdyh douhdg| vhhq/ wkh uhsd|phqw udwhv lq prvw lqirupdo
fuhglw wudqvdfwlrqv duh yhu| kljk +ryhu <3(,1 Lw iroorzv iurp htxdwlrq 5 wkdw
wkh lqwhuhvw fkdujhg e| d frpshwlwlyh ohqghu fdq rqo| eh derxw 43( kljkhu
wkdq wkh frvw ri fdslwdo/ zklfk iurp doo wkh hylghqfh deryh lv pxfk wrr vpdoo
d pdujlq1

Wkh plvvlqj slhfh ri wkh vwru| lv prqlwrulqj1 Zh kdyh dvvxphg vr idu
wkdw wkh ohqghu fdqqrw gr dq|wklqj wr d�hfw wkh eruurzhu*v fkrlfh ri s1 Wklv
lv fohduo| dq h{wuhph dvvxpswlrq/ vlqfh/ dv douhdg| phqwlrqhg/ ohqghuv fdq
dqg gr prqlwru eruurzhuv1

Wkh srlqw ri doo wkhvh dfwlylwlhv lv wr ohduq pruh derxw wkh eruurzhu1
Wklv khosv lq wzr zd|v= Iluvw/ e| doorzlqj wkh ohqghuv wr slfn eruurzhuv iru
zkrp wkh lqwhuydo ^sf/ s�` lv uhodwlyho| vpdoo/ wkhuhe| olplwlqj wkh srvvlelolw|
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ri prudo kd}dug1 Dqg vhfrqg e| jhwwlqj wr nqrz wkh eruurzhu*v hqylurqphqw/
wkhuhe| pdnlqj lw hdvlhu wr �qg rxw zkhq wkh eruurzhu lv qrw grlqj zkdw
kh kdv surplvhg wr gr zlwk wkh prqh|1

Lq dgglwlrq wr wklv nlqg ri h{ dqwh prqlwrulqj wkhuh lv h{ srvw prqlwrulqj
ri wkh surmhfw/ fkhfnlqj wkdw wkh eruurzhu kdv grqh zkdw kh kdg surplvhg
wr gr zlwk wkh prqh|1 Iru h{dpsoh/ wkh ohqghu fdq wu| wr pdnh vxuh wkdw
wkh eruurzhu lv vshqglqj wkh prqh| rq lqsxwv iru klv surmhfw udwkhu rq
frqvxpswlrq1 Ilqdoo| wkhuh lv froohfwlrq= Rqfh wkh ordq idoov gxh/ wkh ohqghu
kdv wr vshqg wlph fkdvlqj hdfk ryhugxh ordq1

Lw lv qrw srvvleoh wr fdswxuh doo ri wkhvh gl�huhqw dvshfwv ri prqlwrulqj
lq d vlqjoh prgho/ vr zh olplw rxuvhoyhv wr rqh vshfl�f prgho/ wkrxjk vrph
ri wkh rwkhu prghov zloo eh glvfxvvhg lq d odwhu vhfwlrq1 Zh lqwurgxfh prq0
lwrulqj lqwr wkh prgho e| dvvxplqj wkdw li wkh ohqghu prqlwruv dw d ohyho d/
wkh eruurzhu zloo fkrvh d surmhfw s+d, ru d surmhfw zlwk d s qr orzhu wkdq
s+d,159 Zh dvvxph wkdw wklv frphv derxw hlwkhu wkurxjk h{ dqwh prqlwru0
lqj ri wkh surmhfw +vfuhhqlqj ri surmhfwv ehiruh wkh ordq lv jlyhq, ru h{ srvw
prqlwrulqj ri wkh surmhfw +fkhfnlqj rq wkh eruurzhu diwhu kh kdv ehhq jlyhq
wkh ordq dqg sxqlvklqj klp li kh kdv qrw grqh zkdw kh zdv vxssrvhg wr gr,1
Wkh sureohp lv wkdw zh nqrz yhu| olwwoh derxw wkh qdwxuh ri wkh hpslulfdo
uhodwlrq ehwzhhq prqlwrulqj dqg surmhfw fkrlfh1 Wkh rqo| rswlrq zh kdyh lv
wr uhdvrq rq sxuho| d sulrul jurxqgv1

Rqh dvvxpswlrq wkdw kdv d fhuwdlq sodxvlelolw| lv wkdw wkh dprxqw ri prq0
lwrulqj qhfhvvdu| lv d ixqfwlrq ri wkh h{whqw ri plvdoljqphqw ri lqfhqwlyhv
ehwzhhq wkh eruurzhu dqg wkh ohqghu1 Wkh eruurzhu lq rxu prgho zdqwv wr
fkrrvh s @ s+U>I +N,@N,/ zklfk jlyhv klp d sd|r� ri I +N,H+s+U>I +N,@N,,�
s+N@Z> u>I +N,@N,u+N�Z ,/ zkloh wkh ohqghu zdqwv klp wr fkrrvh s zklfk
jlyhv klp d sd|r� ri I +N,H+s,� su+N �Z ,1 Wkh h{whqw ri plvdoljqphqw
lv wkhuhiruh

G @ I +N,^H+s+U>I +N,@N,,�H+s,`� ^s+U>I +N,@N,� s`UN1 +7,

Rxu dvvxpswlrq lv wkhq wkdw wkh dprxqw ri prqlwrulqj lv d ixqfwlrq ri G1
Krzhyhu/ lq rughu wr doorz iru gl�huhqw w|shv ri vfdoh h�hfwv/ zh zulwh lw lq
d voljkwo| pruh jhqhudo irup=

P @ P+N>G@N>p,/

zkhuh p lv d sdudphwhu wkdw vkliwv wkh prqlwrulqj frvw ixqfwlrq +_�_6 A 3,1
59Wkh eruurzhu zloo w|slfdoo| fkrrvh wkh orzhvw shuplvvleoh ydoxh1

4<



61518 Wkh Frvw ri Fdslwdo zlwk Prqlwrulqj

Wkh ohqghu*v sduwlflsdwlrq frqvwudlqw +5, qrz wdnhv wkh irup=

U @
�

s
.

P+N>G@N>p,

Ns
= +8,

Wklv htxdwlrq gh�qhv U+�>N> s>p,/ wkh lqwhuhvw udwh iru d eruurzhu zlwk
d �{hg Z zkr zdqwv wr lqyhvw dq dprxqw N dqg surplvhv wr fkrrvh d
surmhfw s1 Xvlqj wklv/ zh fdq gh�qh wkh h{shfwhg frvw ri fuhglw shu xqlw ri
lqyhvwphqw= F+�>N> s>p, @ sU1

Wklv irupxodwlrq ri wkh vxsso| vlgh ri fuhglw kdv wkh reylrxv dgydqwdjh
wkdw wkh lqwhuhvw udwh fdq eh pxfk kljkhu wkdq wkh frvw ri fdslwdo hyhq li
ghidxowv duh uduh1 Wklv lv ehfdxvh prqlwrulqj frvwv fdq eh yhu| kljk�lqghhg
wkh uhdvrq zk| wkhuh lv yhu| olwwoh ghidxow pd| eh d uhvxow ri wkh uhvrxufhv
vshqw rq prqlwrulqj1

Lw lv xvhixo wr ehjlq rxu dqdo|vlv ri wklv prgho zlwk dq h{dplqdwlrq ri
wkh surshuwlhv ri wkh F+�, ixqfwlrq1 Vlpsoh gl�huhqwldwlrq whoov xv=

CU

C�
@

4

s� R3RE-c8 Eg�*g�
g

Y�
YE(*g�

dqg

CU

Cp
@

CP@Cp

N^s� R3RE-c8 Eg�*g�
g

Y�
YE(*g� `

1

Vlqfh ^s� R3RE-c8 Eg�*g�
g

Y�
YE(*g� ` ? s/ wklv whoov xv wkdw lqfuhdvhv lq wkh frvw

ri ohqglqj +uhsuhvhqwhg e| d ulvh lq � ru lq p, kdyh d pxowlsolhu h�hfw/
uhvxowlqj lq d eljjhu lqfuhdvh lq wkh lqwhuhvw udwh wkdq zrxog eh zduudqwhg
e| wkh gluhfw h�hfw ri wkh lqfuhdvh lq frvw15: Wklv lv ehfdxvh wkh lqlwldo ulvh
lq wkh lqwhuhvw udwh zruvhqv wkh eruurzhu*v lqfhqwlyhv dqg pdnhv lw qhfhvvdu|
wkdw kh eh prqlwruhg pruh/ zklfk udlvhv wkh frvw ri ohqglqj hyhq ixuwkhu/
hwf1 Wklv surshuw| lv reylrxvo| dovr lqkhulwhg e| wkh F +�, ixqfwlrq1

Surshuw| 81 Pxowlsolhu= Wkh lqwhuhvw udwh dqg wkh dprxqw ri
prqlwrulqj fdq eh yhu| vhqvlwlyh wr fkdqjhv lq wkh frvw ri fdslwdo
dqg2ru wkh frvw ri prqlwrulqj1

Wklv lv dq lpsruwdqw surshuw|= Lw whoov xv wkdw wkhuh duh hyhq uhodwlyho|
vpdoo gl�huhqfhv lq wkh prqlwrulqj frvw/ ru wkh frvw ri fdslwdo fdq lqgxfh d
orw ri yduldwlrq lq wkh lqwhuhvw udwh/ zklfk khosv wr h{sodlq zk| zh revhuyh
vr pxfk yduldwlrq1

5: Lq sulqflsoh/ wklv lqfuhdvh fdq eh yhu| odujh vlqfh d� 3 R3RE-c8 Eg�*g�
g

Y�
YE(*g� o fdq eh

yhu| forvh wr 3 ru hyhq qhjdwlyh +lq zklfk fdvh/ wkh htxloleulxp lqwhuhvw fkdqjhv glvfrq0
wlqxrxvo|,1
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D uhodwhg dqg lpsruwdqw surshuw| ri wkh F +�, ixqfwlrq frphv iurp gli0
ihuhqwldwlqj htxdwlrq 8 zlwk uhvshfw wr s1 Wklv/ diwhu vrph dojheudlf pdqls0
xodwlrqv/ jlyhv xv=

CF

Cs
@

4

N2

CP

C+G@N,

s+U>I +N,@N,UN � sI +N,H�+s,

s� ER3RE-c8 Eg�*g��
g

Y�
YE(*g�

1

Htxdwlrq 4 whoov xv wkdw H�+s+U>I +N,@N,,I +N, @ UN1 Xvlqj wklv +dvvxp0
lqj wkdw s� �

g
Y�

YE(*g�+s� s+U>I +N,@N,, A 3,/ lw lv lpphgldwho| fohdu wkdw

wkh vljq ri Y�
YR ghshqgv rq wkh vljq ri s+U>I +N,@N,H�+s+U>I +N,@N,, �

sH�+s,1 Vlqfh s A s+U>I +N,@N, lw iroorzv wkdw FR fdq rqo| eh srvlwlyh li
wkh ixqfwlrq sH�+s, lv d ghfuhdvlqj ixqfwlrq ri s ryhu d udqjh1

Wklv pdnhv lw fohdu wkdw lw lv hqwluho| srvvleoh wkdw FR eh qhjdwlyh iru doo
s/ lpso|lqj wkdw lpsohphqwlqj kljk ydoxhv ri s pd|/ sdudgr{lfdoo|/ uhtxluh
ohvv prqlwrulqj wkdq lpsohphqwlqj orzhu ydoxhv1 Wklv lv ehfdxvh d kljk s
jhqhudwhv d orz U dqg wklv lpsuryhv lqfhqwlyhv1

Lq vxfk vlwxdwlrqv lw pd| eh rswlpdo wr udlvh s doo wkh zd| wr lwv pd{l0
pxp/ l1h1 wr s�1 Lq sduwlfxodu/ wklv zloo eh wuxh dv orqj dv H+s, lv hyhu|zkhuh
lqfuhdvlqj lq s ryhu lwv dgplvvleoh udqjh5; dqg lw zloo uhpdlq wuxh luuhvshfwlyh
ri krz frvwo| lw lv wr prqlwru15< Krzhyhu/ lw lv hdv| wr vhh wkdw lw zloo qhyhu
eh rswlpdo iru s wr h{fhhg lwv vrfldo zhoiduh pd{lpl}lqj ohyho/ l1h wkh ydoxh
ri s iru zklfk H�+s, @ 31 Wklv lv ehfdxvh zkhq H�+s, @ 3> FR lv fohduo|
srvlwlyh1

Surshuw| 91 Ghidxow= Yhu| orz ohyhov ri ghidxow pd| eh rswlpdo
hyhq zkhq prqlwrulqj lv txlwh frvwo|/ wkrxjk lw lv qhyhu rswlpdo
wr kdyh ohvv ghidxow wkdq lq wkh vrfldo rswlpxp1

Wklv lv lpsruwdqw ehfdxvh lw whoov xv wkdw lw lv riwhq rswlpdo wr dlp iru
yhu| orz ghidxow udwhv hyhq dw wkh frvw ri orwv ri frvwo| prqlwrulqj dqg kljk
lqwhuhvw udwhv1 Wklv lv uhdvvxulqj/ jlyhq wkdw wkh frpelqdwlrq ri yhu| orz
ghidxow udwhv dqg yhu| kljk lqwhuhvw udwhv lv e| qr phdqv xqfrpprq163

61519 Wkh Rswlpdo Fuhglw Frqwudfw zlwk Prqlwrulqj

Wkh rswlpdo fuhglw frqwudfw zloo eh d frpelqdwlrq +N>s, wkdw pd{lpl}hv

I +N,H+s,� sU+�>N> s>p,NP 1
5;Iru h{dpsoh/ �R lv qhjdwlyh zkhqhyhu .ER� wdnhv wkh irup �Rq/ zlwk � : f dqg

q M Efc ��1
5<Ri frxuvh/ wklv lv frqglwlrqdo rq wkh ordq frqwudfw ehlqj yldeoh/ zklfk lv qrw wkh fdvh

zkhq prqlwrulqj lv wrr frvwo|1
63Dohhp*v gdwd vhw iurp Sdnlvwdq/ phqwlrqhg deryh/ lv dq h{dpsoh1
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Wkh �uvw rughu frqglwlrqv wkdw ghvfuleh wkh rswlpdo frqwudfw +zkhq lw lv qrw
d fruqhu vroxwlrq, duh

I +N,H�+s, @ NFR dqg +9,

I �+N,H+s, @ F .NFg 1 +:,

Wkhuh lv/ krzhyhu/ uhodwlyho| olwwoh wkdw zh fdq vd| derxw wkh rswlpdo
fuhglw frqwudfw dw wklv ohyho ri jhqhudolw|1 Wkh sureohp lv hdvlo| vhhq iurp
htxdwlrq 8= Dq lqfuhdvh lq N d�hfwv erwk wkh qxphudwru dqg wkh ghqrp0
lqdwru ri wkh h{suhvvlrq �Egc(*gc6�

Eg3` �R / dqg zlwkrxw pruh vwuxfwxuh lw lv qrw
srvvleoh wr vd| dq|wklqj derxw krz pruh lqyhvwphqw d�hfwv wkh h{shfwhg
frvw ri ohqglqj1

Wkh Prgho zlwk Frqvwdqw Uhwxuqv lq Prqlwrulqj Rqh vlpsoh dqg
iuxlwixo zd| wr lpsrvh vwuxfwxuh lv wr dvvxph frqvwdqw uhwxuqv lq prqlwrulqj/
l1h1/

P+N>G@N>p, @ NP+G@N>p,1

Iru wkh prvw sduw/ zh zloo dovr dvvxph wkdw wkhuh duh frqvwdqw uhwxuqv lq
surgxfwlrq/ l1h1/ I +N, @ �N1 Lq wklv fdvh/ htxdwlrq 8 fdq eh uhzulwwhq lq
wkh irup=

sU @ �.P+�^H+s+U>�,�H+s,`� ^s+U>�,� s`U>p,1

U lv wkhuhiruh d ixqfwlrq ri �> p> s dqg �/ dqg vr lv/ wkhuhiruh/ wkh h{shfwhg
frvw ri ohqglqj F1 Lw iroorzv wkdw nhhslqj s dqg� �{hg/ grxeolqj wkh eru0
urzhu*v zhdowk dqg wkh dprxqw kh lqyhvwv grhv qrw fkdqjh wkh xqlw frvw ri
ohqglqj1 Lw iroorzv wkdw doo eruurzhuv zlwk wkh vdph � dqg wkh vdph p/ zloo
fkrrvh wkh vdph ohyhudjh udwlr dqg idfh wkh vdph lqwhuhvw udwh1 Lq rwkhu
zrugv/ xqghu ixoo frqvwdqw uhwxuqv wkh ulfk dqg wkh srru zloo sd| wkh vdph
udwh ri lqwhuhvw dv orqj dv wkh| duh htxdoo| surgxfwlyh1 Wkh ulfk zloo vlpso|
lqyhvw pruh1

Wkh gluhfw suhglfwlrq ri wklv prgho lv wkh devhqfh ri d fruuhodwlrq ehwzhhq
wkh eruurzhu*v zhdowk dqg wkh lqwhuhvw udwh1 Ri frxuvh/ dv zh zloo vhh odwhu/
lw grhv qrw uxoh rxw wkh srvvlelolw| ri d vsxulrxv fruuhodwlrq/ lqgxfhg e| d
fruuhodwlrq ehwzhhq Z dqg hlwkhu � ru p1 Qhyhuwkhohvv/ wklv uhvxow surylghv
d xvhixo ehqfkpdun= Lw whoov xv wkdw wkhuh lv qr qhfhvvdu| uhdvrq zk| wkh
ulfk vkrxog sd| orzhu lqwhuhvw udwhv/ dv revhuyhg lq wkh gdwd1
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Wkh Prgho zlwk d Il{hg Frvw ri Prqlwrulqj D prgho wkdw pdqdjhv
wr dffrxqw iru prvw ri wkh revhuyhg idluo| hfrqrplfdoo| lv rqh zkhuh wkhuh
lv d �{hg frvw ri prqlwrulqj zklfk kdv wr eh sdlg dv orqj dv wkhuh lv vrph
eruurzlqj dqg d yduldeoh frvw zklfk/ dv ehiruh/ h{klelwv frqvwdqw uhwxuqv
l1h1/

P+N>G@N>p, @ NP+G@N>p, . �1

Lq wklv fdvh/ htxdwlrq 8 fdq eh uhzulwwhq wr uhdg

sU @ �.�@N .P+�^H+s+U>�,�H+s,`� ^s+U>�,� s`U>p,1 +;,

Zlwk wkhvh dvvxpswlrqv/ zh uxq wkh ulvn wkdw wkh ohqghu*v pd{lpl}dwlrq
sureohp pd| qrw eh frqyh{= Wr vhh zk|/ qrwh wkdw � . �@N @ �+4 �
Z@N, . �@N/ zklfk whoov xv wkdw li � A �Z / U jrhv grzq zkhq N jrhv
xs/ hqfrxudjlqj wkh eruurzhu wr eruurz hyhq pruh1 Frqyhuvho|/ d eruurzhu
zkr eruurzv olwwoh zloo sd| yhu| kljk udwhv/ pdnlqj lw dwwudfwlyh iru klp wr
qrw eruurz dw doo/ vxjjhvwlqj wkh srvvlelolw| ri d �edqj0edqj� vroxwlrq1 Dv
orqj dv zh pdnh vxuh wkdw � lv qrw wrr odujh +wr dyrlg wkh srvvlelolw| wkdw
wkh ghpdqg iru fuhglw ehfrphv lq�qlwh,/ wkh vroxwlrq zloo eh iru wkh srru
eruurzhu +�Z ?? �, wr eruurz qrwklqj1

Krzhyhu/ wkhuh lv dq lqwhulru vroxwlrq iru eruurzhuv zkr duh ulfkhu +�Z AA
�,1 Lw lv hdvlo| fkhfnhg wkdw wklv lqwhulru vroxwlrq kdv d yhu| vlpsoh surs0
huw|= Iurp htxdwlrq ; lw iroorzv wkdw dv orqj dv s> �> � dqg p duh khog
�{hg/ U lv frpsohwho| ghwhuplqhg e| wkh whup +�Z � �,@N dqg wkhuhiruh
F � F+4`3x

g ,1 Iurp : wkh rswlpdo fkrlfh ri N vdwlv�hv

� @ F+
�Z ��

N
, .

�Z ��

N
F�+

�Z ��

N
,

lq wklv fdvh/ zklfk whoov xv wkdw 4`3x
g lv xqltxho| ghwhuplqhg e| �1 D

qxpehu ri surshuwlhv iroorz lpphgldwho| iurp wklv revhuydwlrq1 Iluvw/ dq
lqfuhdvh lq Z uhvxowv lq d pruh wkdq sursruwlrqdo lqfuhdvh lq N= Lq rwkhu
zrugv/ ulfkhu shrsoh duh pruh ohyhudjhg1 Vhfrqg/ kljkhu ydoxhv ri � duh
dvvrfldwhg zlwk d orzhu ydoxh ri N1 Wklug/ fkdqjhv lq Z dqg � gr qrw
d�hfw U/ iurp zklfk lw iroorzv wkdw u jrhv grzq zkhq Z jrhv xs +vlqfh
N@Z jrhv xs dqg U uhpdlqv xqfkdqjhg,1

Wkhuh lv d vwudljkwiruzdug lqwxlwlrq ehklqg wkhvh uhvxowv1 Jlyhq wkdw
wkhuh lv d �{hg frvw ri ohqglqj/ wkrvh zkr lqyhvw pruh zloo idfh d orzhu frvw
ri fdslwdo1 Krzhyhu/ iru d srru shuvrq wr eh deoh wr lqyhvw wkh vdph dprxqw
dv d ulfkhu shuvrq/ wkh ohyhudjh udwlr zrxog kdyh wr eh pxfk kljkhu dqg wklv
glvwruwv lqfhqwlyhv1 Wkh rswlpdo frqwudfw edodqfhv wkhvh wzr w|shv ri frvwv=
Wkh srru hqg xs erwk lqyhvwlqj ohvv dqg sd|lqj pruh lq lqwhuhvw1
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Wr dvvhvv zkhwkhu wkh prgho jhqhudwhv wkh uljkw rughuv ri pdjqlwxgh/
wkh prgho zdv vlpxodwhg xqghu wkh dvvxpswlrq wkdw H+s, @ 5sf�D/ dqg
P+G@N>p, @pG@N164 Iru sdudphwhu ydoxhv � @ 4=38/ p @ 3=;/ � @ 3=8/
� @ 3=99/ zh �qg wkdw wkrvh zlwk zhdowk ohyhov xs wr derxw 41:8 +l1h1/ derxw
wkuhh dqg d kdoi wlphv wkh �{hg frvw ri prqlwrulqj, gr qrw lqyhvw dw doo1
Zkhq lqyhvwphqw ehjlqv/ wkh lqwhuhvw udwh lv deryh 83( +dqg wkh ohyhudjh
udwlr lv 51;, dqg dv wkh eruurzhu*v zhdowk jrhv xs/ wkh lqwhuhvw udwh jrhv grzq
dqg frqyhujhv wr derxw 5:(/ zkloh wkh ohyhudjh udwlr ulvhv dqg frqyhujhv wr
derxw 7151

Surshuw| :1 Zhdowk H�hfwv= Zkhq wkhuh duh frqvwdqw uhwxuqv
lq erwk surgxfwlrq dqg prqlwrulqj/ wzr eruurzhuv zkr gl�hu rqo|
lq wkhlu zhdowk ohyhov zloo eh htxdoo| ohyhudjhg dqg zloo sd| wkh
vdph lqwhuhvw udwh1 Zkhq wkhuh lv d �{hg frvw ri prqlwrulqj/ ulfkhu
eruurzhuv zloo sd| d orzhu udwh dqg zloo eh pruh ohyhudjhg dqg
wkh yhu| srruhvw eruurzhu*v zloo suhihu qrw wr eruurz dw doo1

Wkhvh zhdowk h�hfwv kdyh wkh lpsolfdwlrq wkdw wkh zhdowk dgydqwdjh wkh
ulfk vwduw zlwk zloo whqg wr jhw dpsol�hg= Iluvw/ ehfdxvh wkh gl�huhqfh lq wkh
dprxqw lqyhvwhg lv w|slfdoo| jrlqj wr eh odujhu wkdq wkh gl�huhqfh lq zhdowk1
Wklv iroorzv iurp wkh idfw wkdw wkh ohyhudjh udwlr lv juhdwhu wkdq 4 dqg hlwkhu
frqvwdqw ru lqfuhdvlqj lq zhdowk165 Vhfrqg/ dv orqj dv U lv lqfuhdvlqj lq N/
wkh pdujlqdo surgxfw ri fdslwdo zloo eh kljkhu wkdq wkh h{shfwhg lqwhuhvw
frvw lq htxloleulxp dqg hdfk xqlw ri lqyhvwphqw jhqhudwhv vrph sxuh sur�wv
+wklv iroorzv iurp htxdwlrq :,1 Vlqfh wkh ulfk lqyhvw pruh wkdq wkh srru/
wkh| hduq pruh sxuh sur�wv1

616 Wdnlqj Vwrfn= Krz wr Wklqn derxw Fuhglw pdunhwv

Wkh prgho zlwk d �{hg frvw ri prqlwrulqj jlyhv xv d vlpsoh zd| ri dffrxqwlqj
iru wkh idfwv wkdw duh olvwhg deryh1 Pruhryhu/ lw khosv wr h{sodlq wkh idfw wkdw
vkruw uxq lqwhuhvw udwhv lq lqirupdo pdunhwv duh riwhq kljkhu wkdq orqjhu uxq
lqwhuhvw udwhv +iru h{dpsoh/ vhh Wdeoh 615 lq Gdvjxswd +4<;<,,1 Jkdwh +4<<5,
dovr qrwhv wkdw yhu| vkruw vkruw0whup ordqv duh riwhq sduwlfxoduo| h{shqvlyh1
Lq wkh idfh ri lw/ wklv lv sx}}olqj ehfdxvh rqh zrxog lpdjlqh wkdw wkh vfrsh iru
prudo kd}dug lv juhdwhu lq orqjhu whup frqwudfwv1 Wkh �{hg frvw dssurdfk
fdq uhvroyh wklv sx}}oh dv orqj dv wkhuh lv d sduw ri wkh �{hg frvw wkdw lv

64Qrwh wkdw R.�ER� lv lqfuhdvlqj lq R vr wkdw lw lv dozd|v rswlpdo wr fkrrvh wkh kljkhvw
srvvleoh ydoxh ri R1 Zh vhw wklv ydoxh wr eh 31</ vr wkdw wkh ghidxow udwh lv �{hg dw 43(
+zklfk lv kljk exw zlwklq wkh revhuyhg udqjh,1

65Qrwh krzhyhu wkdw wklv surshuw| pd| qrw krog li doo wkh zhdowk zdv qrw oltxlg1 Lq wkdw
fdvh/ wkh ohyhudjh udwlr pd| eh ohvv wkdq 41
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wudqvdfwlrq0vshfl�f dqg lqghshqghqw ri wkh ohqjwk ri wkh frqwudfw1
Krzhyhu/ qrw vxusulvlqjo|/ wklv lv qrw wkh rqo| zd| wr dffrxqw iru wkhvh

idfwv1 Iru h{dpsoh/ li wkh surgxfwlrq ixqfwlrq zhuh frqfdyh udwkhu wkdq
olqhdu/ wkh ulfk zrxog eh ohvv ohyhudjhg wkdq wkh srru +vlqfh glplqlvklqj
uhwxuqv vhwv lq dw kljk ohyhov ri lqyhvwphqw,1 Dv d uhvxow/ wkh lqwhuhvw udwh
wkh| idfh zloo whqg wr eh orzhu1 Zkloh wkh| duh ohvv ohyhudjhg/ wkh devroxwh
dprxqw wkdw wkh ulfk eruurz pd| vwloo eh kljkhu1 Kljk ohyhov ri fuhglw zloo
wkhuhiruh eh dvvrfldwhg zlwk orzhu lqwhuhvw udwhv1 Vlplodu sdwwhuqv pd| dulvh
li/ iru h{dpsoh/ lw lv fkhdshu wr prqlwru wkh ulfk ehfdxvh/ vd|/ wkh ulfk vkduh
forvhu vrfldo wlhv zlwk wkrvh zkr duh ohqglqj1

Lq dq| fdvh/ wkhuh lv qr uhdvrq zk| zh vkrxog frq�qh rxuvhoyhv wr prg0
hov ri h{ dqwh prudo kd}dug1 H{ srvw prudo kd}dug +eruurzhuv zkr wu| wr
dyrlg uhsd|lqj, lv fohduo| dq lpsruwdqw dvshfw ri fuhglw pdunhwv dqg vr lv
dgyhuvh vhohfwlrq166 Wkhuh duh dovr rwkhu zd|v wr prgho h{ dqwh prudo kd}0
dug= Kropvwurp0Wluroh +4<<9, ghyhors d prgho zkhuh wkh eruurzhu zdqwv
wr sxw lq ohvv h�ruw udwkhu wkdq wdnh wrr pxfk ulvn1 Pdq| ri wkh edvlf suh0
glfwlrqv ri rxu prgho vkrz xs lq wkhvh prghov dv zhoo1 Qrw vxusulvlqjo|/ ohvv
ohyhudjhg eruurzhuv/ doo hovh ehlqj wkh vdph/ whqg wr eh ehwwhu fuhglw ulvnv
dqg idfh orzhu lqwhuhvw udwhv dw wkh vdph ohyho ri eruurzlqj1 Frqvhtxhqwo|/
ulfkhu eruurzhuv zloo kdyh wkhlu lqlwldo dgydqwdjh frpsrxqghg e| wkh zrun0
lqjv ri wkh fuhglw pdunhw1 Kljk lqwhuhvw udwhv/ dv ehiruh/ pdnh wkh eruurzhu
pruh olnho| wr plvehkdyh lq wkhvh prghov dv zhoo167 Wklv/ lq wxuq/ whqgv
wr udlvh wkh lqwhuhvw udwh +hlwkhu ehfdxvh ghidxow ehfrphv pruh olnho| ru eh0
fdxvh pruh prqlwrulqj lv fdoohg iru,1 Wkhuhiruh/ zkdw L fdoo wkh pxowlsolhu
surshuw| ri lqwhuhvw udwhv�qdpho| wkh idfw wkdw vpdoo lqfuhdvhv lq wkh frvwv
ri ohqglqj fdq ohdg wr d odujh lqfuhdvh lq wkh lqwhuhvw udwh�rxjkw wr eh wuxh
lq wkhvh rwkhu prghov dv zhoo1 Ilqdoo|/ zkloh wkh frvw ri prqlwrulqj lv uduho|
irupdoo| lqwurgxfhg lqwr wkhvh prghov +Kropvwurp0Wluroh/ 4<<9/ ehlqj dq
lpsruwdqw h{fhswlrq,/ lw lv lqwxlwlyho| fohdu wkdw wkh vkdsh ri wkh prqlwrulqj
frvw ixqfwlrq zloo sod| d fuxfldo uroh dqg d �{hg frvw ri prqlwrulqj zloo kdyh
dq h�hfw vlplodu wr wkh rqh glvfxvvhg deryh1

Rqh pljkw hyhq zdqw wr yhqwxuh eh|rqg prghov zkhuh wkh eruurzhu
lv wkh pdlq vrxufh ri prudo kd}dug1 Wkh sdshu e| Kropvwurp dqg Wluroh/
phqwlrqhg deryh/ zruulhv derxw wkh lqfhqwlyhv ri lqwhuphgldulhv lq wkh fuhglw

66Kduw0Prruh +4<<7, lv wkh ehvw0nqrzq prgho ri h{ srvw prudo kd}dug lq wkh fuhglw
pdunhw/ zkloh Vwljolw} dqg Zhlvv +4<;4, lv wkh fodvvlf uhihuhqfh rq dgyhuvh vhohfwlrq1

67Wkrxjk dv srlqwhg rxw lq Djklrq0Edqhumhh0Slnhww| +4<<<,/ lq prghov ri h{ srvw prudo
kd}dug/ wkhuh lv d srvvleoh frxqwhuydlolqj h�hfw frplqj iurp wkh idfw wkdw kljk lqwhuhvw
udwhv pdnh lw pruh fuhgleoh iru wkh ohqghu wr sxw d orw ri h�ruw lqwr sxuvxlqj uhfdoflwudqw
eruurzhuv1
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pdunhw1 Wkh| dujxh wkdw wkhvh sureohpv wudqvodwh lqwr d ixuwkhu fuhglw
frqvwudlqw/ wklv wlph dw wkh ohyho ri wkh lqwhuphgldu|1 Pruhryhu/ wkh w|slfdo
lqwhuphgldu| lv odujh/ dqg li wkh lqwhuphgldu| lwvhoi kdv wkh uljkw lqfhqwlyhv/
lwv djhqwv zkr gr wkh dfwxdo exvlqhvv ri ohqglqj�wkh ordq r!fhuv dqg fuhglw
dssudlvhuv ri wkh zruog�pd| qrw/ vlqfh zkdw wkh| kdyh dw vwdnh shuvrqdoo|
lv rqo| d yhu| vpdoo sduw ri wkh dprxqw ri prqh| wkh| frqwuro1 Wkh vroxwlrq
lv w|slfdoo| wr uhvwulfw wkh grpdlq wkh| frqwuro= Vwulqjhqw exuhdxfudw uxohv
derxw zkdw ordq r!fhuv fdq dqg fdqqrw gr/ duh d ihdwxuh ri fuhglw pdunhw
lqwhuphgldulhv wkh zruog ryhu1 Wklv/ ri frxuvh/ frphv dw d frvw1 Fuhglw
ghflvlrqv ehfrph exuhdxfudwl}hg dqg w|slfdoo| pxfk ohvv uhvsrqvlyh wr doo
exw wkh kdughvw lqirupdwlrq1 Dvvhvvphqwv ri wkh txdolw| ri wkh surmhfw dqg
mxgjhphqwv derxw ixwxuh sur�wdelolw|/ erwk uhodwlyho| vriw lqirupdwlrq/ zloo
whqg wr kdyh olwwoh lpsdfw rq zkr jhwv fuhglw1 Wr wkh h{whqw wkdw rwkhu
lqvwlwxwlrqv/ vxfk dv yhqwxuh fdslwdolvwv/ gr qrw slfn xs wkh vodfn/ wklv zloo
kxuw qhz hqwudqwv dqg wkh prvw udglfdo lghdv1 Wklv sureohp pd| dovr eh
prvw vhulrxv zkhuh wkh edqnlqj vhfwru lv grplqdwhg e| wkh sxeolf vhfwru/
jlyhq wkdw wkhuh lv douhdg| d whqghqf| wrzdugv exuhdxfudwl}dwlrq dqg exfn0
sdvvlqj168

Ri frxuvh pxfk pruh zrun +vlpxodwlrqv/ hwf1, lv fdoohg iru ehiruh zh
fdq eh vxuh wkdw wkhvh dowhuqdwlyh wkhrulhv fdq jhqhudwh wkh uljkw rughuv ri
pdjqlwxgh1 Exw lq rqh vhqvh wkhuh lv qr uhdvrq wr srvh wkhvh dv dowhuqdwlyhv1
Doo ri wkhp zrunlqj wrjhwkhu fdq jhqhudwh d odujhu djjuhjdwh h�hfw/ dqg
odujh djjuhjdwh h�hfwv duh fohduo| lpsruwdqw lq jlylqj uhohydqfh wr wklv fodvv
ri wkhrulhv1 Krzhyhu/ iurp wkh srlqw ri ylhz ri dfwxdoo| ghvljqlqj srolf| lw
lv lpsruwdqw wr nqrz h{dfwo| zkhuh wkh frqvwudlqw olhv1 Lw lv dovr/ erwk iurp
wkh srlqw ri ylhz ri pdfur0uhohydqfh dqg plfur0srolf| ghvljq/ lpsruwdqw
wr lghqwli| wkh h{dfw vwuxfwxuh ri wkh fuhglw frqvwudlqw1 Lv wkh dprxqw ri
fuhglw wkdw d eruurzhu fdq jhw sulpdulo| d ixqfwlrq ri wkh eruurzhu*v zhdowk
dqg klv h{shfwhg sur�wdelolw|/ dv rxu prgho vxjjhvwv/ ru lv lw wkh fdvh wkdw
sur�wdelolw| lv odujho| ljqruhg/ dv wkh vlpsoh exuhdxfudwlf prgho vnhwfkhg
deryh zrxog vxjjhvwB Krz lpsruwdqw lv wkh glvwlqfwlrq/ ljqruhg lq rxu
dqdo|vlv ehwzhhq zhdowk dqg oltxlg zhdowk�rqh dgglwlrqdo uhdvrq zk| wkh
srru pd| vx�hu lv wkdw wkhlu zhdowk pd| eh ohvv oltxlgB69 Lv wkh eruurzhu*v

68Iru hylghqfh wkdw wklv lv d yhu| uhdo sureohp/ vhh Edqhumhh dqg Gx r +5334,1 Wkhuh duh
dovr orwv ri dqhfgrwhv wkdw vxssruw wklv ylhz= Lw lv vdlg/ iru h{dpsoh/ wkdw Lqgldq edqnhuv
lq wkh 4<;3v dqg hduo| 4<<3v zhuh sx}}ohg e| krz wkh| frxog mxvwli| ohqglqj wr vriwzduh
frpsdqlhv/ vlqfh wkhlu rqo| uhdo dvvhwv zhuh wkhlu vwd� dqg zrun0lq0surjhvv zdv olqhv ri
frgh rq wkh frpsxwhu1

69Wkh zrun e| Vzdplqdwkdq/ douhdg| flwhg/ vxjjhvwv wkdw wklv pd| lqghhg eh dq lp0
sruwdqw glvwlqfwlrq1 Wkh uhtxluhphqw wkdw wkh zhdowk eh khog dv oltxlg froodwhudo dovr
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zhdowk wkh nh| lqjuhglhqw ru lv lw klv lqyhqwrulhv/ dv lq wkh fodvvlf prghov
ri lqyhqwru| �qdqflqjB6: Wkh dqvzhu wr hdfk ri wkhvh txhvwlrqv kdv pdq|
lpsruwdqw udpl�fdwlrqv/ dqg fduhixo hpslulfdo uhvhdufk rq wkh whfkqrorj| ri
ohqglqj uhpdlqv rqh ri wkh lpshudwlyhv ri wkh gd|1

Wkhph 4= Wkh revhuyhg sdwwhuqv lq fuhglw pdunhwv�orz gh0
idxow udwhv/ kljk dqg kljko| yduldeoh lqwhuhvw udwhv dqg fuhglw olplwv
wkdw lqfuhdvh zlwk zhdowk�vxjjhvw wkdw frqwudfwlqj lq fuhglw pdu0
nhwv lv kljko| lpshuihfw dqg prqlwrulqj lv yhu| lpsruwdqw1 Wklv
vxjjhvwv wkdw wkhuh zloo eh xqghu0lqyhvwphqw/ dqg d vljql�fdqw
sduw ri wkh rxwsxw surgxfhg zloo eh zdvwhg rq prqlwrulqj1 Wkh
hduqlqjv jds ehwzhhq wkh ulfk dqg wkh srru zloo eh dpsol�hg e|
wkh fdslwdo pdunhw lpshuihfwlrq dqg wklv zloo eh sduwlfxoduo| wkh
fdvh li/ dv vhhpv sodxvleoh/ wkhuh duh �{hg frvwv ri prqlwrulqj1

7 Wkh G|qdplfv ri Zhdowk Dffxpxodwlrq

Rqh lpsruwdqw phvvdjh iurp wkh suhylrxv vhfwlrq lv wkdw wkh srru duh dw
d glvdgydqwdjh lq wkh fuhglw pdunhw1 Krzhyhu/ dv zh kdyh vhhq/ wkh h{dfw
irup ri wkh glvdgydqwdjh whqgv wr ghshqg rq wkh whfkqrorjlhv ri surgxfwlrq
dqg prqlwrulqj1 Iru h{dpsoh/ lq wkh fdvh zkhuh wkhuh duh frqvwdqw uhwxuqv
lq erwk surgxfwlrq dqg prqlwrulqj/ wkh glvdgydqwdjh wdnhv wkh irup ri d
sursruwlrqdo uhgxfwlrq lq wkh dprxqw wkh| lqyhvw zlwk qr gl�huhqfh lq wkh
lqwhuhvw udwh ru wkh fkrlfh ri surmhfwv/ zkhuhdv d prgho zlwk d �{hg frvw
ri prqlwrulqj jhqhudwhv yduldwlrqv lq wkh lqwhuhvw udwh dqg lq wkh fkrlfh
ri surmhfwv1 Lq wkh vkruw uxq/ krzhyhu/ doo yhuvlrqv ri wkh fdslwdo pdunhw
lpshuihfwlrq kdyh wkh frpprq lpsolfdwlrq wkdw wkh srru zloo eh xqghu0
uhzdughg iru wkhlu wdohqw1

Wkh orqjhu uxq lpsolfdwlrqv ri wkh gl�huhqw prghov duh/ krzhyhu/ srwhq0
wldoo| yhu| gl�huhqw1 Wr vhh wklv/ lpdjlqh d zruog zkhuh wkhuh lv rqh jrrg
surgxfhg dqg d srsxodwlrq ri lghqwlfdo shrsoh zkr hdfk olyh iru rqh shulrg
dqg dozd|v kdyh rqh fklog1 Hdfk shuvrq vwduwv olih zlwk dq hqgrzphqw wkdw
khu sduhqw jdyh khu1 Khu olih lv vlpsoh/ yhujlqj rq wkh gude1 Dw wkh ehjlqqlqj
ri khu olih/ vkh fkrrvhv dprqj lqfrph hduqlqj rssruwxqlwlhv1 Khu fkrlfhv zloo
eh wr hlwkhu lqyhvw lq d surgxfwlyh rssruwxqlw| ru wr ohqg rxw wkh prqh|1

fuhdwhv d ghpdqg iru froodwhudol}deoh dvvhwv dqg vkliwv lq wkh uhodwlyh sulfh ri wkhvh dvvhwv
ehfrph lpsruwdqw +vhh Nl|rwdnl dqg Prruh/ 4<<:/ iru d pdfurhfrqrplf prgho edvhg rq
wklv sduwlfxodu uhodwlyh sulfh vkliw,1

6:Edvhg suhvxpdeo| rq wkh lghd wkdw ordqv kdyh wr eh ixoo| froodwhudol}hg dqg lqyhqwrulhv
fdq vhuyh dv froodwhudo1 Fohduo| wkh sodxvlelolw| ri wklv prgho ghshqgv rq krz hdv| lw lv wr
dwwdfk lqyhqwrulhv1
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Wkh h{dfw whfkqrorj| ri surgxfwlrq zloo eh glvfxvvhg odwhu/ exw lw frxog eh
wkrxjkw ri hlwkhu dv lqyhvwlqj lq ohduqlqj d vnloo/ vwduwlqj d exvlqhvv ru hyhq
sdwhqwlqj ru surprwlqj d qhz lghd1 Dw wkh hqg ri wkh shulrg/ vkh ghflghv
rq zkdw wr gr zlwk khu uhdol}hg lqfrph/ zklfk frqvlvwv ri khu lqyhvwphqw
hduqlqjv soxv dq hqgrzphqw h � vkh fdq ohdyh lw wr khu fklog ru hdw lw khu0
vhoi1 Iru vlpsolflw|/ dvvxph wkdw vkh kdv Free0Grxjodv0olnh suhihuhqfhv ryhu
frqvxpswlrq +f, dqg ehtxhvw +e,=

X+f> e, @ D^f�3qeq`> 3 ? � ? 4>D A 31

Vlqfh vkh doorfdwhv khu hqg0ri0shulrg zhdowk ehwzhhq wkhvh wzr xvhv/ wklv
lpphgldwho| lpsolhv wkdw li khu hqg0ri0shulrg lqfrph +ru zhdowk, lv |=

f @ +4� �,|> e @ �|1

Shrsoh eruurz wr lqyhvw pruh wkdq zkdw wkh| zhuh eruq zlwk1 Dvvxph wkdw
wkh fuhglw pdunhw lv h{dfwo| dv prghohg lq wkh suhylrxv vhfwlrq1

Wkhvh dvvxpswlrqv wrjhwkhu gh�qh d vlpsoh g|qdplf surfhvv wkdw pdsv
Z|/ wkh zhdowk ri dq lqglylgxdo iurp wkh fxuuhqw jhqhudwlrq +zklfk lv htxdo
wr wkh ehtxhvw kh uhfhlyhg,/ lqwr wkh zhdowk ri klv fklog/ Z|n�1 Wkh h{dfw
vkdsh ri wklv pds zloo ghshqg rq zkdw zh dvvxph derxw whfkqrorj|/ zklfk
lv zkdw zh wxuq wr qrz1

Iluvw frqvlghu wkh fdvh zkhuh erwk wkh surgxfwlrq whfkqrorj| dqg wkh
prqlwrulqj whfkqrorj| duh ixoo| olqhdu1 Lq wklv fdvh zh nqrz wkdw wkh rswlpdo
ohyhudjh udwlr/ wkh rswlpdo ohyho ri prqlwrulqj/ dqg wkh rswlpdo fkrlfh ri s
duh doo lqghshqghqw ri wkh lqyhvwru*v zhdowk1 Wr vlpsoli| olih/ dvvxph wkdw
wkh rswlpdo fkrlfh ri s lv 41 Ghqrwh wkh prqlwrulqj frvw uhtxluhg wr vxvwdlq
wklv e| p +shu groodu ohqw,1 Ilqdoo|/ dvvxph wkdw wkh surgxfwlrq whfkqrorj|
wdnhv wkh irup I +N, @ H+4,N dqg wkdw wkh rswlpdo ohyhudjh udwlr lv �1 Lq
wklv fdvh/ wkh pds iurp fxuuhqw zhdowk wr ixwxuh zhdowk lv jlyhq e|

Z|n� @ �^h. �Z|`/

zkhuh � @ H+4,�� +�� 4,+�.p,1
Lq wkh fdvh zkhuh �� ? 4/ wklv lv d surfhvv wkdw frqyhujhv wr d zhdowk

ohyho �h@+4� ��,= Hyhu| g|qdvw| hqgv xs zlwk wkh vdph zhdowk lq wkh orqj
uxq1 Rq wkh rwkhu kdqg/ lq wkh fdvh zkhuh �� � 4 qr g|qdvw| hyhu frqyhujhv
exw lq wkh orqj uxq wkh zhdowk ri hyhu| g|qdvw| jurzv dw wkh vdph udwh dqg
hyhu|rqh ehfrphv h{wuhpho| zhdowk|1 Wkhuh duh qr sryhuw| wudsv lq wklv
prgho16; Wkh g|qdplfv ri zhdowk lq wklv prgho duh vkrzq lq Iljxuh 41

6;Krzhyhu/ wklv prgho lv frqvlvwhqw zlwk glyhujhqfh dfurvv frxqwulhv= Wkrvh frxqwulhv
wkdw kdyh d ehwwhu �qdqfldo v|vwhp/ dqg wkhuhiruh d orzhu 6/ zloo jurz idvwhu1
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Lqvhuw Iljxuh 4 khuh1

Wkh prgho ehkdyhv lq pxfk wkh vdph zd| zkhq wkh surgxfwlrq dqg
prqlwrulqj whfkqrorjlhv duh vwulfwo| frqyh{ +l1h1/ erwk ixqfwlrqv duh vwulfwo|
frqfdyh,1 D vlpsoh zd| wr vhh wklv lv wr qrwh wkdw wkh srru dozd|v kdyh wkh
rswlrq ri fkrrvlqj wkh vdph ohyhudjh udwlr dv wkh ulfk1 Li wkh| zhuh wr fkrrvh
wkh vdph ohyhudjh udwlr/ wkh| zrxog dfwxdoo| sd| ohvv lq lqwhuhvw wkdq wkh
ulfk/ vlqfh wkh| kdyh d kljkhu pdujlqdo surgxfw ri fdslwdo dqg prqlwrulqj
wkhp lv hdvlhu +glplqlvklqj uhwxuqv lq prqlwrulqj,1 Wkhlu qhw uhwxuq shu
groodu ri wkhlu zhdowk zrxog wkhuhiruh eh kljkhu dqg dv d uhvxow/ wkh zhdowk
ri wkh srru zloo jurz idvwhu wkdq wkdw ri wkh ulfk16<

Wklqjv fkdqjh vljql�fdqwo| zkhq dw ohdvw rqh ri wkh whfkqrorjlhv vwrsv
ehlqj frqyh{1 Wr wdnh dq h{dpsoh/ dvvxph wkdw wkh surgxfwlrq whfkqrorj|
uhpdlqv zkdw lw zdv lq wkh suhylrxv h{dpsoh exw lqwurgxfh d �{hg frvw ri
prqlwrulqj1 Xqghu wkhvh dvvxpswlrqv wkh htxdwlrq uhsuhvhqwlqj wkh hyrox0
wlrq ri zhdowk iru wkrvh zkr fdq eruurz fdq eh zulwwhq lq wkh irup=

Z|n� @ �^h.H+4,N| � +N| �Z|,u`>@ �h. ��+Z|,+H+4,�U,1

Dv vkrzq lq wkh suhylrxv vhfwlrq/ zkhq wkhuh lv d �{hg frvw ri prqlwrulqj
U lv frqvwdqw exw � lv dq lqfuhdvlqj ixqfwlrq ri zhdowk dqg frqyhujhv wr d
� dv zhdowk frqwlqxhv wr jr xs1 Iru zhdowk ehorz vrph Z W/ shrsoh gr qrw
eruurz dqg wkhlu zhdowk hyroyhv dffruglqj wr

Z|n� @ �h. �Z|H+4,1

Lw lv hdv| wr vhh wkdw wklv jhqhudwhv d pds zklfk kdv wkh frqyh{ vkdsh lq
�jxuh 51

Lqvhuw Iljxuh 5 khuh

Wkh zhdowk g|qdplfv lpsolhg e| wklv slfwxuh duh yhu| gl�huhqw iurp
wkrvh jhqhudwhg e| wkh olqhdu prgho1 Wkh ulfk jhw ulfkhu doo wkh wlph exw wkh
srru frqyhujh wr d vwhdg| vwdwh dw iZ 1 Krzhyhu/ lw lv qrw qhffhvvdu| wkdw
lqhtxdolw| jurzv zlwkrxw d erxqg= Lw lv vwudljkwiruzdug wr dgg wr wklv prgho

6<Wklv fodlp grhv ghshqg lq dq lpsruwdqw zd| rq wkh idfw wkdw wkhuh lv rqo| rqh w|sh
ri lqyhvwphqw1 Prrnkhumhh dqg Ud| +5333, vkrz wkdw li wkhuh duh pdq| dowhuqdwlyh w|shv
ri lqyhvwphqw dqg wkh hfrqrp| qhhgv doo ri wkhp/ orqj uxq lqhtxdolw| pd| eh lqhylwdeoh
lq d zruog ri lpshuihfw fdslwdo pdunhwv/ hyhq li doo wkh lqglylgxdo whfkqrorjlhv duh frqyh{
dqg shrsoh duh iruzdug0orrnlqj lq wkhlu vdylqjv ghflvlrqv1
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d whfkqrorjlfdo olplw rq lqyhvwphqw/ N1 Lw lv hdvlo| fkhfnhg wkdw zkdw wklv
grhv lv wr uhgxfh wkh dprxqw eruurzhg e| wkrvh zkr zrxog kdyh rwkhuzlvh
lqyhvwhg pruh wkdq N1 Hyhqwxdoo|/ zkhq vrphrqh*v zhdowk h{fhhgv N/ wkh|
zloo vwrs eruurzlqj dqg vwduw ohqglqj/ zklfk fdxvhv wkh Z|n� vfkhgxoh wr
wdnh wkh irup

Z|n� @ �^h.H+4,N . +Z| �N,�`1

Dv orqj dv �� ? 4/ wklv lpsolhv wkdw zhdowk zloo uhpdlq erxqghg= E| wkh idfw
wkdw wkh fxuyh lv frqwlqxrxv/ lw iroorzv wkdw lw pxvw eh V0vkdshg1 Ghshqglqj
rq wkh sdudphwhuv/ wklv prgho kdv hlwkhu rqh ru wkuhh vwhdg| vwdwhv/ ri zklfk
wkh wzr h{wuhph rqhv duh vwdeoh1 Zkhq wkhuh duh wzr vwdeoh vwhdg| vwdwhv/
wkh srru frqyhujh wr wkh orzhu rqh dqg wkh ulfk wr wkh xsshu/ uh hfwlqj wkh
idfw/ qrwhg deryh/ wkdw zkhq wkhuh lv d �{hg frvw ri prqlwrulqj wkh srru
hduq d orzhu uhwxuq rq wkhlu zhdowk1

Lqvhuw Iljxuh 6 khuh1

Wklv lv wkh fodvvlf sryhuw| wuds vlwxdwlrq= Wkh srru uhpdlq srru dqg
wkh ulfk vwd| ulfk1 Yhuvlrqv ri wklv vwru| kdyh ehhq wrog lq pdq| sdshuv/
lqfoxglqj Jdoru dqg ]hlud +4<<6,/ Gdvjxswd dqg Ud| +4<;9,/ dqg Edqhumhh
dqg Qhzpdq +4<<7,/ wkrxjk wkh| hdfk kdyh d gl�huhqw qdph iru wkh lq0
yhvwphqw= hgxfdwlrq lq Jdoru0]hlud> khdowk lq Gdvjxswd0Ud|> dqg fdslwdo lq
Edqhumhh0Qhzpdq1 Erwk Jdoru0]hlud dqg Gdvjxswd0Ud| kdyh h{solflw qrq0
frqyh{lwlhv lq wkh surgxfwlrq ixqfwlrq zkloh Edqhumhh0Qhzpdq lqwurgxfhv
wkh qrq0frqyh{lw| lqwr wkh whfkqrorj| ri ohqglqj1 Prdy +4<<<, suhvhqwv d
voljkwo| gl�huhqw yhuvlrq ri wkh dujxphqw zklfk uholhv rq qrq0frqyh{lwlhv lq
zkdw rqh pljkw fdoo wkh ehtxhvw whfkqrorj|173

Ri frxuvh wkhuh duh jrrg uhdvrqv qrw wr wdnh sryhuw| wudsv olwhudoo|1 Wkh
yhu| oxfn| dqg wkh yhu| wdohqwhg dprqj wkh srru zloo suredeo| pdqdjh
wr hvfdsh wkhlu edfnjurxqg/ dqg vrph ri wkh ulfk zloo vxuho| pdqdjh wr
vtxdqghu wkhlu sdwulprq|1 Wkh urexvw lpsolfdwlrq ri wklv prgho lv udwkhu
wkdw hfrqrplf prelolw| zloo eh vorz1 Dq hfrqrp| wkdw vwduwv zlwk d orw
ri srru shrsoh zloo uhpdlq erwk srru dqg xqhtxdo iru d yhu| orqj wlph1
Wklv/ krzhyhu/ udlvhv wkh txhvwlrq ri zkhwkhu/ lq wkh hqg/ wklv prgho lv yhu|
gl�huhqw iurp wkh prgho zkhuh doo wkh whfkqrorjlhv duh frqyh{ dqg wkhuh lv
qr sryhuw| wuds/ exw wkh fdslwdo pdunhwv duh h{wuhpho| lqh!flhqw�diwhu doo

73 Lq whupv ri rxu qrwdwlrq/ wkh dvvxpswlrq kh pdnhv lv wkdw wkh dprxqw ehtxhdwkhg lv
d vwulfwo| frqyh{ ixqfwlrq ri hqg0ri0shulrg lqfrph ryhu vrph udqjh/ zkhuhdv zh kdyh vr
idu dvvxphg wkdw lw lv d olqhdu ixqfwlrq1 Lw lv hdv| wr vhh wkdw wklv fdq jhqhudwh d sryhuw|
wuds�hvvhqwldoo| wkh ulfk ehqh�w iurp wkh idfw wkdw ulfk sduhqwv ohdyh ehtxhvwv wkdw duh
glvsursruwlrqdwho| odujh uhodwlyh wr wkhlu zhdowk1
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zkhq fdslwdo pdunhwv gr qrw zrun yhu| zhoo/ frqyhujhqfh fdq wdnh d yhu|
orqj wlph1

P| ylhz lv wkdw lw lv qhyhuwkhohvv zruwk glvwlqjxlvklqj ehwzhhq wkhvh wzr
prghov ehfdxvh wkh irupv ri prelolw| wkdw wkh| shuplw duh udwkhu gl�huhqw1
Wkh frqyh{ prgho suhglfwv d vorz dqg vwhdg| ulvh iru doo wkh srru zklfk
fxoplqdwhv lq wkhlu fdwfklqj xs zlwk wkh ulfk +ru li wkhuh lv qr frqyhujhqfh/
wkh| vwloo ehfrph yhu|/ yhu| ulfk,1 Wkh prelolw| lq wkh prgho zlwk qrq0
frqyh{lwlhv/ e| frqwudvw/ frphv iurp wkrvh zkr duh hlwkhu yhu| wdohqwhg ru
yhu| oxfn|1 Lq rwkhu zrugv/ lw wdnhv wkh irup ri odujh mxpsv e| d uhodwlyho|
ihz shrsoh174 Wklv gl�huhqfh dovr vkrzv xs lq wkh vkdsh ri wkh orqj uxq
glvwulexwlrqv1 Lq wkh frqyh{ prgho/ prvw shrsoh lq wkh orqj uxq zloo eh
�plggoh0fodvv� zlwk vrph rxwolhuv zkr duh hlwkhu yhu| oxfn| ru yhu| xqoxfn|1
E| frqwudvw/ lq wkh rwkhu prgho prvw shrsoh zloo hlwkhu eh ulfk ru srru1

Wkhph 5= Prghov zkhuh doo wkh nh| whfkqrorjlhv�wkh sur0
gxfwlrq whfkqrorj|/ wkh prqlwrulqj whfkqrorj| dqg wkh ehtxhvw
whfkqrorj|�duh doo olqhdu ru frqyh{ whqg wr idyru orqj uxq frqyhu0
jhqfh= Wkrvh ri frpsdudeoh wdohqw zloo hduq frpsdudeoh dprxqwv
lq wkh orqj uxq dqg wkh orqj uxq glvwulexwlrq ri lqfrph zloo uh0
 hfw wkh glvwulexwlrq ri delolwlhv lq wkh srsxodwlrq1 E| frqwudvw/
prghov zkhuh dw ohdvw rqh ri wkhvh whfkqrorjlhv lv qrq0frqyh{ fdq
jhqhudwh sryhuw| wudsv dw wkh ohyho ri wkh lqglylgxdo1 Shrsoh zkr
vwduw srru vwd| srru/ dqg wkhuhiruh htxdoo| deoh shrsoh pd| hduq
yhu| gl�huhqw dprxqwv hyhq lq wkh orqj uxq1

71314 Hqgrjhqrxv Vdylqjv dqg Sryhuw| Wudsv

Wkh rqh reylrxvo| xqvdwlvidfwru| dvshfw ri rxu prgho vr idu lv wkh prgholqj
ri ehtxhvw ghflvlrqv1 Zkloh wkh zd| zh kdyh prghohg wkhp lv h{wuhpho|
frqyhqlhqw dqg wkhuh lv qr jrrg uhdvrq/ hlwkhu hpslulfdo ru d sulrul/ wr
vzlwfk wr ixoo �Eduur� suhihuhqfhv/ wkhuh duh fohduo| fdvhv zkhuh rxu prgho
vhhpv d elw vwudlqhg1 Lq wkh vshfl�f h{dpsoh lq wkh suhylrxv vhfwlrq zkhuh
prqlwrulqj kdv d �{hg frvw/ wkh udwh ri uhwxuq rq ehjlqqlqj0ri0shulrg zhdowk
+l1h1/ ehtxhvwv, ydulhv hqruprxvo| dqg wkrvh zkr vwduw zlwk pruh zloo/ ryhu
d udqjh/ hduq d kljkhu uhwxuq1 Lw lv wkhuhiruh sodxvleoh wkdw sduhqwv zloo wdnh
wklv lqwr dffrxqw zkhq sodqqlqj wkhlu ehtxhvwv1

Wr vhh zkdw fkdqjhv zkhq zh doorz iru hqgrjhqrxv vdylqjv ghflvlrqv/
74Sdxovrq dqg Wrzqvhqg +5333, dqg Mhrqj dqg Wrzqvhqg +5333, pdnh d uhodwhg exw

gl�huhqw glvwlqfwlrq ehwzhhq prghov +vxfk dv Hydqv dqg Mrydqrylf/ 4<;<, zkhuh srru fds0
lwdo pdunhwv kxuw wkh prvw wdohqwhg shrsoh dqg prghov +vxfk dv Oor|g0Hoolv dqg Ehuqkdugw/
5333, zkhuh srru fdslwdo pdunhwv kxuw prvw wkh ohdvw wdohqwhg1
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frqvlghu d prgl�fdwlrq ri rxu edvlf prgho wkdw pdnhv wkh djhqwv lq�qlwho|0
olyhg dqg hqgrzv wkhp zlwk wkh vwdqgdug iruzdug0orrnlqj suhihuhqfhv1 Lq
wkh fdvh zkhuh wkh surgxfwlrq whfkqrorj| lv frqyh{ dqg fuhglw pdunhwv duh
devhqw/ wklv lv d vshfldo fdvh ri wkh prgho vwxglhg e| Orxu| +4<;4, zkhuh kh
vkrzhg wkdw wkhuh lv frqyhujhqfh ghvslwh wkh fuhglw pdunhwv ehlqj devhqw1
Lqghhg/ dv hpskdvl}hg e| Fdvhool dqg Yhqwxud +4<<9,/ wkh suhvhqfh ri h�hf0
wlyh fuhglw pdunhwv lq vxfk dq hqylurqphqw pd| dfwxdoo| vorz ru hyhq vwrs
frqyhujhqfh1 Wkh srlqw lv wkdw srru fdslwdo pdunhwv fdq dfw dv d vsxu wr
vdylqjv/ vlqfh wkh| pdnh lw pruh lpsruwdqw wr kdyh rqh*v rzq zhdowk dqg
wklv h�hfw lv vwurqjhvw iru wkh srru/ vlqfh fdslwdo lv prvw surgxfwlyh lq wkhlu
kdqgv1 E| frqwudvw/ zkhq fdslwdo pdunhwv duh shuihfw wkh pdujlqdo surgxfw
ri fdslwdo lv htxdol}hg hyhu|zkhuh dqg wkh srru kdyh qr pruh lqfhqwlyh wr
vdyh wkdq wkh ulfk175

Zkhq zh frpelqh wklv prgho ri vdylqjv zlwk d qrq0frqyh{ prqlwrulqj
whfkqrorj|/ wklqjv fkdqjh gudpdwlfdoo|1 Dv qrwhg deryh/ wkh udwh ri uhwxuq
rq vdylqjv lv qrz orzhu iru wkh srru wkdq iru wkrvh zkr duh vrphzkdw ulfkhu1
Wklv lv hvshfldoo| wuxh ri wkh yhu| srru/ zkr fdqqrw eruurz dw doo1 Dv d
uhvxow/ wkh ulfk +ru dw ohdvw wkh plggoh fodvvhv/ vlqfh wkh yhu| ulfk dovr hduq
orz uhwxuqv rq wkhlu vdylqjv, zloo vdyh d kljkhu sursruwlrq ri wkhlu lqfrph
wkdq wkh srru/ zklfk uhlqirufhv wkh sryhuw| wuds176

Wkhph 6= Li vdylqjv ghflvlrqv duh edvhg rq ixwxuh ehqh�wv/
fdslwdo pdunhw lpshuihfwlrqv fdq dfwxdoo| surprwh vdylqjv dqg
frqyhujhqfh1 Krzhyhu/ li wkh whfkqrorj| ri surgxfwlrq ru prql0
wrulqj lv qrq0frqyh{/ wkh hqfrxudjhphqw h�hfw pd| rqo| rshudwh
rq wkh uhodwlyho| zhdowk|1 Wkh srruhvw jhw orz uhwxuqv iurp fds0
lwdo dqg wkhuhiruh zloo vdyh uhodwlyho| olwwoh/ zklfk pd| uhlqirufh
wkh sryhuw| wuds1

71315 Hqgrjhqrxv Sulfhv dqg Froohfwlyh Sryhuw| Wudsv

Rqh lpsolfdwlrq ri wkhuh ehlqj d sryhuw| wuds dw wkh ohyho ri wkh lqglylgxdo
lv wkdw wkhuh lv dovr d froohfwlyh sryhuw| wuds= dq hfrqrp| wkdw vwduwv zlwk
d orw ri sryhuw| zloo hqg xs zlwk d orw ri sryhuw|1 Froohfwlyh sryhuw| wudsv
fdq/ krzhyhu/ h{lvw lq prghov zlwk lpshuihfw fuhglw pdunhwv/ hyhq zkhq wkhuh
duh qr lqglylgxdo0ohyho sryhuw| wudsv1 Wklv srlqw/ �uvw qrwhg e| Edqhumhh

75Dv srlqwhg rxw e| Jkdwdn/ Pruhool dqg Vmrvwurp +5333,/ lw fdq dovr dfw dv d vsxu wr
kdug zrun/ dv d zd| wr dffxpxodwh fdslwdo1

76Wklv lv vwulfwo| rqo| wuxh li zh dvvxph wkdw wkh dyhudjh vdylqjv udwh iru wkh hfrqrp|
lv vwloo q/ exw qrz wkh srru dqg wkh ulfk kdyh gl�huhqw vdylqjv udwhv1
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dqg Qhzpdq +4<<6,/77 uholhv rq wkh idfw wkdw lq d zruog zkhuh shrsoh duh
fuhglw0frqvwudlqhg/ idfwru sulfhv ghshqg rq wkh zhdowk glvwulexwlrq +vlqfh
wkh ghpdqg iru idfwruv ghshqgv rq zkr kdv krz pxfk zhdowk,1 Exw wkh
zhdowk glvwulexwlrq lq dq| hfrqrp| ghshqgv rq idfwru sulfhv�wklv wzr0zd|
lqwhudfwlrq fuhdwhv wkh srvvlelolw| ri pxowlsoh vwhdg| vwdwhv1

Wr vhh h{dfwo| krz wklv pljkw kdsshq/ frqvlghu d yduldqw ri wkh prgho
ghyhorshg deryh zlwk olqhdu surgxfwlrq dqg prqlwrulqj whfkqrorjlhv1 Wkh
rqh idfwru sulfh lq wkdw prgho zdv wkh frvw ri fdslwdo/ zklfk/ vr idu/ zh
wrrn dv jlyhq1 Wr hqgrjhql}h wkh lqwhuhvw udwh/ dvvxph wkdw wkh vxsso| ri
fdslwdo frphv iurp d �{hg iudfwlrq ri wkh srsxodwlrq zkr fdqqrw lqyhvw
lq wkh olqhdu whfkqrorj|1 Dvvxph wkdw lq hyhu| jhqhudwlrq/ d iudfwlrq �
duh kdqglfdsshg lq wklv zd|/ exw wklv dwwulexwh lv qhlwkhu fruuhodwhg ryhu
wlph qru fruuhodwhg zlwk wkhlu zhdowk1 Wkhvh shrsoh +dqg hyhu|rqh hovh,
gr kdyh dq dowhuqdwlyh lqyhvwphqw srvvlelolw| zklfk/ iru zdqw ri d ehwwhu
ghvfulswlrq/ zh zloo fdoo �odqg�= Wkh uhwxuq iurp lqyhvwlqj lq odqg lv jlyhq
e| d vwulfwo| frqfdyh surgxfwlrq ixqfwlrq K+j�N,/ zkhuh hN lv wkh dyhudjh
dprxqw lqyhvwhg lq odqg e| hdfk lqyhvwru zkr lqyhvwv lq odqg1 Vlqfh wklv lv
d frpsohwho| vdih lqyhvwphqw lw zloo hduq wkh vdih udwh/ �/ rq wkh pdujlqdo
xqlw/ l1h1/ � @ K �+� hN,1 Wklv doorzv xv wr zulwh � @ �+ hN,> �� ? 31 Wkh uhvw ri
wkh dydlodeoh zhdowk lq wkh hfrqrp| zloo eh lqyhvwhg lq wkh olqhdu surgxfwlrq
whfkqrorj|1 Lq rwkhu zrugv/ li Z lv wkh shu fdslwd zhdowk lq wkh hfrqrp|/
dqg li N ghqrwhv wkh dyhudjh dprxqw wkdw hdfk lqyhvwru sxwv lqwr wkh olqhdu
surgxfwlrq whfkqrorj|/ wkh pdunhw fohdulqj frqglwlrq iru wkh fuhglw pdunhw
zloo eh=

� hN @ Z � +4� �,N @ Z � +4� �,�+�+ hN,,Z / +<,

zkhuh �+�, lv wkh rswlpdo ohyhudjh udwlr iurp wkh srlqw ri ylhz ri eruurzhuv
lq dq hfrqrp| zkhuh wkh frvw ri fdslwdo lv �1

Krz derxw wkh hyroxwlrq ri zhdowk lq wklv hfrqrp|B Jlyhq doo wkh dv0
vxpswlrq wkdw kdyh ehhq douhdg| pdgh/ wklv wxuqv rxw wr eh txlwh vwudljkw0
iruzdug=

Z |n� @ �^h.K+� hN+Z |,, . +Z | � � hN+Z |,,+�H+s+�+ hN,,,�P+�+ hN,,,`/

zkhuh s+�, lv wkh rswlpdo fkrlfh ri s zkhq wkh frvw ri fdslwdo lv � dqg
P+�, lv wkh fruuhvsrqglqj ohyho ri prqlwrulqj shu xqlw ri fdslwdo1 Iurp
htxdwlrq </ zkhq Z jrhv xs/ hN dovr jrhv xs/ exw ohvv wkdq sursruwlrqdoo|
vlqfh � jrhv grzq dqg � jrhv xs1 Lq rwkhu zrugv/ dv wkh hfrqrp| jhwv
ulfkhu/ d kljkhu dqg kljkhu sursruwlrq ri lwv zhdowk zloo eh lqyhvwhg lq wkh

77Wkhuh fdq dovr eh froohfwlyh sryhuw| wudsv lq prghov zkhuh wkhuh duh qr fuhglw pdunhw
lpshuihfwlrqv/ li/ iru h{dpsoh/ wkhuh duh shhu jurxs h{whuqdolwlhv +vhh Gxuodxi/ 4<<9,1
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olqhdu surgxfwlrq whfkqrorj|1 Vlqfh wkh qhw uhwxuq wr wkh olqhdu surgxfwlrq
whfkqrorj|/ �H+s+�,,�P+�,/ lv juhdwhu wkdq � +iurp htxdwlrq :, wkh dyhudjh
uhwxuq rq fdslwdo pd| jr xs dv d uhvxow ri wkh vkliw ehwzhhq wkh wzr vhfwruv1
Wklv whoov xv wkdw wkh Z |n�+Z |, pds qhhg qrw eh frqfdyh1 Lq sduwlfxodu/
lw fdq kdyh wkh V0vkdsh ghslfwhg lq Iljxuh 71 Wklv lv prvw olnho| li lw lv wkh
fdvh wkdw dw orz ohyhov ri Z | prvw ri wkh fdslwdo lv lqyhvwhg lq odqg/ exw
zkhq Z | jrhv xs eh|rqg d fhuwdlq srlqw/ wkh pdujlqdo surgxfw ri fdslwdo
lqyhvwhg lq odqg idoov r� yhu| txlfno| dqg/ dv d uhvxow/ doo dgglwlrqdo fdslwdo
lv doorfdwhg wr wkh dowhuqdwlyh whfkqrorj|1

Wkh V0vkdsh lq Iljxuh 7 jhqhudwhv zkdw rqh pljkw fdoo d froohfwlyh
sryhuw| wuds1 Qr lqglylgxdo lq wklv hfrqrp| lv hyhu wudsshg lq sryhuw|
vlqfh doo wkh whfkqrorjlhv duh frqyh{1 Qhyhuwkhohvv/ hfrqrplhv wkdw vwduw
srru vwd| srru1 Wklv lv ehfdxvh fdslwdo lv h{shqvlyh lq wkhvh hfrqrplhv dqg
zh nqrz iurp deryh wkdw zkhq fdslwdo lv h{shqvlyh lw lv pruh olnho| wr eh
xvhg zdvwhixoo| +rxu Surshuw|4,1

Wklv dujxphqw lv dq lqvwdqfh ri d yhu| jhqhudo srlqw= Lq doo ri wkhvh
prghov/ wkh glvwulexwlrq ri zhdowk ghwhuplqhv wkh sdwwhuq ri lqyhvwphqw/
zklfk lq wxuq ghwhuplqhv wkh ghpdqg iru ydulrxv idfwruv/ wkh idfwru sulfhv/
dqg hyhqwxdoo| wkh qh{w shulrg*v glvwulexwlrq ri zhdowk1 Vlqfh wkh h�hfw ri
ghpdqg rq idfwru sulfhv lv xvxdoo| qrq0olqhdu/ wkh pds iurp wkh suhvhqw
glvwulexwlrq ri zhdowk wr wkh ixwxuh glvwulexwlrq vr jhqhudwhg zloo w|slfdoo|
dovr eh kljko| qrq0olqhdu/ dqg wkhuhiruh wkhuh lv qr uhdvrq wr h{shfw xqltxh
vwhdg| vwdwhv lq g|qdplf prghov zlwk hqgrjhqrxv sulfh ghwhuplqdwlrq178

Lqghhg/ wkhuh lv qr suhvxpswlrq wkdw wkhvh g|qdplf surfhvvhv qhfhvvdulo|
frqyhujh wr d vwhdg| vwdwh= Djklrq/ Edqhumhh dqg Slnhww| +4<<<, dqg Djklrq/
Edffkhwwd dqg Edqhumhh +4<<<, jhqhudwh hqgrjhqrxv f|fohv iurp prghov ri
wklv fodvv1

Wklv w|sh ri dujxphqw fdq dovr eh pdgh xvlqj rwkhu sulfhv= Edqhumhh dqg
Qhzpdq +4<<6, jhqhudwh wklv w|sh ri pxowlsolflw| edvhg rq wkh hqgrjhqhlw|
ri zdjhv1 Kljk zdjh hfrqrplhv/ lq wkhlu dujxphqw/ doorz wkh fkloguhq ri wkh
srru wr ehfrph hqwuhsuhqhxuv/ zlwk wkh uhvxow wkdw wkh ghpdqg iru oderu
dqg zdjhv uhpdlqv kljk1

Zkdw lv nh| lq doo ri wkhvh fdvhv lv d shuyhuvh sulfh h�hfw= Lq wkh suhvhqfh
ri fdslwdo pdunhw lpshuihfwlrqv/ sulfh fkdqjhv fdq kdyh srzhuixo zhdowk
h�hfwv zklfk pdnh lw srvvleoh wkdw dq lqfuhdvh lq wkh sulfh dfwxdoo| ohdgv
wr dq lqfuhdvh lq wkh h{fhvv ghpdqg1 Wkxv/ lq wkh mxvw0phqwlrqhg sdshu e|
Edqhumhh dqg Qhzpdq dq lqfuhdvh lq wkh zdjh udlvhv wkh ghpdqg iru fdslwdo/
zkloh lq wkh h{dpsoh uhsuhvhqwhg lq Iljxuh 7/ d ulvh lq wkh lqwhuhvw udwh udlvhv

78Iru d pruh hoderudwh glvfxvvlrq ri wklv srlqw/ vhh Edqhumhh dqg Qhzpdq +4<<6,1
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wkh h{fhvv ghpdqg iru fdslwdo1
Shuyhuvh sulfh h�hfwv duh/ krzhyhu/ qr jxdudqwhh wkdw joredo frqyhujhqfh

zloo idlo1 Djklrq dqg Erowrq +4<<:,/ zkr zhuh wkh �uvw wr dqdo|}h d g|qdplf
prgho ri h{dfwo| wklv fodvv +l1h1/ zlwk fuhglw pdunhw lpshuihfwlrqv dqg dq
hqgrjhqrxv lqwhuhvw udwh,/ kdg irfxvvhg rq wkh fdvh zkhuh wkhuh zdv joredo
frqyhujhqfh1 Wkhlu srlqw zdv wkdw wkh surfhvv ri frqyhujhqfh lqyroyhg d
Nx}qhwv0olnh vhtxhqfh ri lqfuhdvlqj dqg wkhq ghfuhdvlqj lqhtxdolw|1 Rxu
h{dpsoh deryh lv lqvsluhg e| wkh zrun ri Slnhww| +4<<:, zkr vkrzhg wkdw wkh
Djklrq0Erowrq prgho fdq/ xqghu vxlwdeoh sdudphwulf dvvxpswlrqv/ jhqhudwh
pxowlsoh vwhdg| vwdwhv179 Wkh nh| gl�huhqfh vhhpv wr frph iurp dvvxpswlrqv
derxw wkh hodvwlflw| ri ghpdqg iru fdslwdo= Lq Djklrq0Erowrq wkh ghpdqg
iru fdslwdo lv uhodwlyho| hodvwlf dqg wkhuhiruh wkhuh duh qr vkdus fkdqjhv lq
wkh lqwhuhvw udwh1 Dv d uhvxow/ wkh hfrqrp| lv dozd|v txlwh vwdeoh17:

Wkhph 7= Wkhuh fdq eh froohfwlyh sryhuw| wudsv hyhq zkhq
wkhuh duh qr lqglylgxdo sryhuw| wudsv1 Wklv lv prvw olnho| wr eh
wkh fdvh li wkh vxsso| dqg ghpdqg iru idfwruv duh qrw wrr sulfh0
hodvwlf1

714 Wdnlqj Vwrfn= Krz Sodxvleoh Duh Sryhuw| WudsvB

Wkhuh duh wzr sduwv wr wkh dqvzhu wr wklv txhvwlrq1 Iluvw/ duh wkh dvvxps0
wlrqv ri wkh sryhuw| wuds prgho sodxvleohB Vhfrqg/ gr wkh lpsolfdwlrqv ri
wkh prgho fruuhvsrqg wr vrphwklqj zh revhuyhB Wkhvh duh dgguhvvhg rqh
e| rqh1

Rqh nh| dvvxpswlrq ri wkh prgho ri wkh sryhuw| wuds dw wkh ohyho ri dq
lqglylgxdo lv d qrq0frqyh{lw| lq hlwkhu wkh surgxfwlrq ixqfwlrq/ wkh prql0
wrulqj ixqfwlrq ru wkh ehtxhvw ixqfwlrq1 Ri wkh wkuhh/ qrq0frqyh{lwlhv lq wkh
ehtxhvw ixqfwlrq duh shukdsv wkh hdvlhvw wr grfxphqw1 Hpslulfdo hylghqfh

79 Lq Slnhww|*v h{dpsoh +dv lq rxu*v,/ pxowlsoh vwhdg| vwdwhv dulvh ehfdxvh kljk lqwhu0
hvw udwhv duh lqh!flhqw dqg wklv lqh!flhqf| uhgxfhv wkh vxsso| ri fdslwdo/ dqg wkhuhiruh
wkh lqwhuhvw udwh jrhv xs1 Lqwhuhvwlqjo|/ Pdwvx|dpd +5333, zkr surylghv dq dowhuqdwlyh
dujxphqw iru pxowlsoh vwhdg| vwdwhv lq wklv fodvv ri prghov/ uholhv rq dq dujxphqw wkdw
dvvrfldwhv kljk lqwhuhvw udwhv zlwk h!flhqw vwhdg| vwdwhv1 Udlvlqj wkh lqwhuhvw udwh lq klv
prgho doorzv wkh srru wr dffxpxodwh zhdowk idvwhu +vlqfh wkh| whqg wr eh ohqghuv, dqg
wklv lqfuhdvhg zhdowk doorzv pruh srru shrsoh wr wudqvlwlrq idvwhu lqwr ehlqj lqyhvwruv/
udlvlqj wkh ghpdqg iru fdslwdo dqg wkh lqwhuhvw udwh1 Lq rwkhu zrugv/ zkloh erwk Slnhww|
dqg Pdwvx|dpd exlog wkhlu dujxphqw rq wkh idfw wkdw lq wklv w|sh ri prgho wkh h{fhvv
ghpdqg iru fdslwdo fdq jr xs zkhq wkh lqwhuhvw udwh jrhv xs/ lq Pdwvx|dpd wklv kdsshqv
ehfdxvh wkh ghpdqg iru fdslwdo jrhv xs zkloh lq Slnhww| lw lv wkh vxsso| wkdw jrhv grzq1

7:Zkloh kljk lqwhuhvw udwhv duh w|slfdoo| dvvrfldwhg zlwk xqghughyhorsphqw�zklfk lv
zkdw Slnhww|*v prgho whoov xv�qhlwkhu ri wkhvh prghov lv lqwhqghg wr eh �wdnhq wr wkh
gdwd�1
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iurp pdq| RHFG frxqwulhv vxssruwv wkh ylhz wkdw ehtxhvwv duh d ox{xu|
jrrg1 Rqo| wkh ulfkhu shrsoh ohdyh ehtxhvwv ri dq| vljql�fdqw vl}h vr wkdw
wkh ehtxhvw ixqfwlrq/ dw ohdvw ryhu d udqjh/ lv fohduo| frqyh{1

Qrq0frqyh{lwlhv lq surgxfwlrq duh fhuwdlqo| yhu| sodxvleoh1 Prvw pd0
fklqhv kdyh d plqlpxp h!flhqw vfdoh/ dqg zkloh uhqwdo pdunhwv fdq dpholr0
udwh wklv sureohp/ wkh| surylgh/ dw ehvw/ dq lpshuihfw vxevwlwxwh17; Lq wkh
fdvh zkhuh wkh jrrg ehlqj surgxfhg lv d xvdeoh hgxfdwlrq/ wkhuh duh vhyhudo
srwhqwldo vrxufhv ri qrq0frqyh{lwlhv= Ohduqlqj wkh ohwwhuv ri wkh doskdehw
lv suredeo| xvhixo rqo| zkhq lw wudqvodwhv lqwr wkh delolw| wr uhdg vlpsoh
vhqwhqfhv1 Iru wklv uhdvrq/ wkh �uvw ihz |hduv ri hgxfdwlrq pd| qrw jhqhu0
dwh dq| uhwxuqv/ xqohvv lqvwuxfwlrq lv frqwlqxhg ixuwkhu1 Wklv lv zkdw Fdug
dqg Nuxhjhu +4<<5, �qg lq X1V1 gdwd= Wkh �uvw �yh |hduv ri hgxfdwlrq kdyh
qr gluhfw uhwxuq1 Lq wkh X1V1/ ri frxuvh/ yhu| ihz shrsoh sodq wr jhw ohvv
wkdq �yh |hduv ri hgxfdwlrq/ exw iru vrph ghyhorslqj frxqwulhv wklv pd| eh
dq lpsruwdqw qrq0frqyh{lw|1 Dqjulvw dqg Nuxhjhu +4<<<,/ rqfh djdlq xvlqj
X1V1 gdwd/ �qg vljql�fdqw mxpsv lq wkh uhwxuq wr hgxfdwlrq dw vfkrro frp0
sohwlrq dqg froohjh frpsohwlrq1 Fdvh dqg Ghdwrq +4<<<, dovr uhsruw wkdw
wkh uhodwlrq ehwzhhq zdjhv dqg |hduv ri vfkrrolqj iru eodfn Vrxwk Diulfdqv
vwduwv uhodwlyho|  dw dqg ehfrphv vwhhshu1 Krzhyhu Svdfkdursrxorv +4<<7,/
frqfoxghv lq idyru ri frqfdylw|/ edvhg rq udqjh ri vwxglhv iurp doo ryhu wkh
zruog dqg Gx r +5334, �qgv dq hvvhqwldoo| olqhdu uhodwlrqvkls edvhg rq gdwd
iurp Lqgrqhvld1 Dvvhvlqj wkh uhodwlyh phulwv ri wkhvh vwxglhv lv eh|rqg wkh
vfrsh ri wklv sdshu exw lw lv fohdu wkdw wkh gh�qlwlyh sdshu rq wkh lpsruwdqw
lvvxh ri qrq0frqyh{lw| lq hgxfdwlrq lv |hw wr eh zulwwhq1 Qrwh krzhyhu wkdw
lq dq| fdvh wkh idfw wkdw wkhuh d qrq0frqyh{lw| lv rqo| lqwhuhvwlqj li lw lv
odujh hqrxjk wr eh d kxugoh iru d vljql�fdqw qxpehu ri shrsoh= Lghdoo|/ zh
zrxog olnh hylghqfh wkdw doorzv xv wr vfdoh wkh zhdowk glvwulexwlrq dprqj
srwhqwldo lqyhvwruv lq dq lqgxvwu| wr wkh vl}h ri wkh qrq0frqyh{lw| lq wkdw
lqgxvwu|1 Wklv zrxog doorz xv wr dqvzhu txhvwlrqv vxfk dv= Zkdw iudfwlrq
ri wkh srsxodwlrq ri srwhqwldo lqyhvwruv lq wklv lqgxvwu| duh vx!flhqwo| srru
wkdw wkh qrq0frqyh{lw| lv uhohydqw iru wkhpB

Wkh vlwxdwlrq lq wkh fdvh ri wkh prqlwrulqj whfkqrorj| lv hyhq zruvh
ehfdxvh yhu| olwwoh lv dfwxdoo| nqrzq1 Dohhp rqo| uhsruwv wkh dyhudjh prq0
lwrulqj frvw iru wkh hqwluh srsxodwlrq/ zklfk grhv qrw whoo xv krz wkh frvw
fkdqjhv zlwk wkh dprxqw eruurzhg1 Wkhuh duh fhuwdlqo| d sulrul jrrg uhd0
vrqv wr vxvshfw wkdw vrph sduw ri wkh frvw�vxfk dv wkh frvw ri phhwlqj wkh
�uvw wlph zlwk wkh srwhqwldo eruurzhu�lv d �{hg frvw1 Pruhryhu/ dv douhdg|
glvfxvvhg/ �{hg frvwv surylgh d qdwxudo h{sodqdwlrq ri wkh revhuyhg sdwwhuqv

7;Pdfklqhv wkdw uhtxluh fduhixo pdlqwhqdqfh duh w|slfdoo| qrw dydlodeoh iru uhqw1
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lq fuhglw pdunhwv1 Exw zh fhuwdlqo| qhhg gluhfw hylghqfh derxw wkh vl}h ri
wkh frvwv wkdw duh lqfxuuhg e| wkh ohqghu dw gl�huhqw vwdjhv ri klv uhodwlrqvkls
zlwk eruurzhuv dqg krz wkdw ydulhv dfurvv eruurzhuv1

Wkhuh lv dovr dq d sulrul dujxphqw djdlqvw qrq0frqyh{lwlhv1 Ohkqhuw
+4<<;, kdv dujxhg wkdw zkhuhyhu wkhuh duh qrq0frqyh{lwlhv/ shrsoh vkrxog
sduwlflsdwh lq orwwhulhv/ zklfk zloo pdnh doo ri wkhp ehwwhu r� dqg holpl0
qdwh erwk wkh qrq0frqyh{lw| dqg wkh sryhuw| wuds1 Wklv lv qrw dv idqflixo
dv lw pljkw vhhp1 Pdq| srru shrsoh wkurxjkrxw wkh zruog sduwlflsdwh lq
URVFDv/ zklfk/ lw kdv ehhq dujxhg/ duh d w|sh ri sulydwh orwwhu| ghvljqhg
wr ghdo zlwk qrq0frqyh{lwlhv17< Krzhyhu/ URVFDv w|slfdoo| kdyh wkh ihd0
wxuh wkdw doo sduwlflsdqwv jhw wr �zlq� ryhu d uhodwlyho| vkruw shulrg ri wlph
+dw prvw d |hdu, zklfk lv ihdvleoh zkhq wkh qrq0frqyh{lw| lv ri wkh rughu ri
pdjqlwxgh ri d |hdu*v vdylqjv iru wkh dyhudjh sduwlflsdqw exw qrw iru odujhu
qrq0frqyh{lwlhv1 Wklv pd| uh hfw wkh idfw wkdw shrsoh duh xqzloolqj wr orvh
d odujh dprxqw ri prqh| lq d vlqjoh orwwhu|/ shukdsv ehfdxvh wkhuh lv orvv0
dyhuvlrq ru uhjuhw lq wkhlu suhihuhqfhv1 Pruhryhu/ wkh dujxphqw rqo| dssolhv
wr wkh qrq0frqyh{lwlhv lq surgxfwlrq dqg prqlwrulqj1 Zkdw lv ghvfulehg dv
d qrq0frqyh{lw| lq wkh ehtxhvw whfkqrorj| lv dfwxdoo| d vlpsoh qrq0olqhdulw|
dqg lv qrw vxemhfw wr wklv fulwlflvp1

Wkhuh lv dovr wkh srvvlelolw| wkdw dv wkh hfrqrp| ehfrphv ulfkhu dqg
ulfkhu +wkurxjk d surfhvv ri whfkqrorjlfdo xsjudglqj/ iru h{dpsoh,/ wkh qrq0
frqyh{lwlhv zloo ehfrph ohvv dqg ohvv lpsruwdqw1 Iru wklv wr eh wuxh/ wkh
ohyho ri wkh qrq0frqyh{lw| pxvw jurz ohvv idvw wkdq wkh lqfrph ri wkh dyhudjh
shuvrq= Wklv lv xqolnho| wr eh wuxh li/ iru h{dpsoh/ wkh qrq0frqyh{ frvw lv d
oderu frvw +wkh frvw ri prqlwrulqj/ iru h{dpsoh,1 Pruhryhu/ wkh surfhvv ri
whfkqrorjlfdo xsjudglqj lv riwhq dffrpsdqlhg e| dq lqfuhdvh lq wkh vl}h ri
wkh �{hg frvw1

Qrq0frqyh{lwlhv/ e| wkhpvhoyhv/ gr qrw jxdudqwhh wkdw wkhuh lv d sryhuw|
wuds1 Zkdw zh qhhg iru dq lqglylgxdo ohyho sryhuw| wuds/ wr sxw lw fuxgho|/ lv
hylghqfh wkdw wkh pds iurp fxuuhqw zhdowk wr ixwxuh zhdowk lv vwhhs hqrxjk
wr fxw wkh 78� olqh pruh wkdq rqfh1 Wklv fdq eh d wrxjk fulwhulrq wr phhw1
Iru h{dpsoh/ Gdvjxswd +4<<6, kdv dujxhg/ edvhg rq hylghqfh iurp vwxglhv e|
elrorjlvwv dqg qxwulwlrqlvwv ri wkh h�hfwv ri pdoqxwulwlrq/ wkdw wkh uhodwlrq
ehwzhhq wkh sduhqw*v khdowk +klv sur{| iru zhdowk, dqg wkh fklog*v khdowk
whqgv wr eh kljko| qrq0olqhdu dqg w|slfdoo| lqfoxghv d qrq0frqyh{ vhfwlrq1
Zkloh wklv lv lpsruwdqw hylghqfh/ lw lv qrw hqrxjk wr hvwdeolvk wkh h{lvwhqfh
ri d sryhuw| wuds dv lqwhusuhwhg khuh183 Wkh sureohp lv wkdw wkh dydlodeoh

7<Vhh Ehvoh|/ Frdwh dqg Orxu| +4<<6,1
83Gdvjxswd +4<<:, vxjjhvwv d pruh lqfoxvlyh gh�qlwlrq ri d sryhuw| wuds lq uhvsrqvh wr
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hvwlpdwhv ri wkh hodvwlflw| ri lqfrph zlwk uhvshfw wr qxwulwlrq dqg khdowk/
dv zhoo dv wkh hodvwlflw| ri qxwulwlrq zlwk uhvshfw wr lqfrph whqg wr eh ohvv
wkdq 4/84 vxjjhvwlqj wkdw wkhuh fdqqrw eh dq lqglylgxdo ohyho sryhuw| wuds185

Rq wkh rwkhu kdqg/ lw fdq eh dujxhg wkdw wklv lv ri frxuvh rqo| rqh ri
pdq| phfkdqlvpv wkdw jr lqwr wkh pds iurp fxuuhqw wr ixwxuh zhdowk1 Wkh
txhvwlrq wkhq lv zkhwkhu wkhvh phfkdqlvpv whqg wr uhlqirufh hdfk rwkhu
ru fdqfho hdfk rwkhu rxw�qrwh wkdw wkh| fdq fdqfho hdfk rwkhu rxw hyhq
li wkhuh lv qr dfwxdo lqwhudfwlrq ehwzhhq wkh ydulrxv phfkdqlvpv/ vlpso|
wkurxjk d surfhvv ri dyhudjlqj186 Wklv vhhpv wr eh dq lpsruwdqw duhd iru
ixwxuh uhvhdufk1

Wkh rwkhu sloodu ri wklv fodvv ri wkhrulhv duh zhdowk h�hfwv rq lqyhvw0
phqw1 Wkh hylghqfh rq zhdowk h�hfwv rq dffhvv wr fuhglw kdv douhdg| ehhq
glvfxvvhg dw vrph ohqjwk dqg lw pd| eh suhvxphg wkdw wkhvh wudqvodwh lqwr
zhdowk h�hfwv rq lqyhvwphqw1 Krzhyhu/ lw lv qrw fohdu wkdw wkh fdxvdo idfwru
khuh lv qhfhvvdulo| zhdowk udwkhu wkdq vrph fruuhodwh ri zhdowk1 Pruh gluhfw
hylghqfh lv qrz dydlodeoh iurp vwxglhv ri �upv lq wkh X1V1/87 vkrzlqj wkdw
�upv wkdw jhw srvlwlyh fdvk0 rz vkrfnv lqyhvw pruh/ hyhq diwhu frqwuroolqj
iru fkdqjhv lq wkhlu surgxfwlyh rssruwxqlwlhv1 Lq whupv ri ghyhorslqj frxq0
wu| gdwd/ wkhuh lv d uhfhqw vwxg| e| Mhrqj dqg Wrzqvhqg +5333,/ edvhg rq
gdwd iurp Wkdlodqg/ zklfk vkrzv wkdw wkh suredelolw| ri rzqlqj d qrq0idup
exvlqhvv lv ohvv wkdq 43( lq wkh erwwrp ghfloh dqg ryhu 63( lq wkh wrs
ghfloh188 Lw qrw fohdu/ krzhyhu/ wkdw wkh hqwluh h�hfw wkh| �qg lv dwwulexwdeoh
wr wkh gluhfw h�hfw ri zhdowk udwkhu wkdq wkh h�hfw ri fkdudfwhulvwlfv wkdw duh
fruuhodwhg zlwk zhdowk1 Edqhumhh dqg Gx r +5334, xvh d fkdqjh lq gluhfwhg
ohqglqj srolflhv lq Lqgld dv d qdwxudo h{shulphqw wr hvwlpdwh wkh h�hfw ri
juhdwhu dffhvv wr zrunlqj fdslwdo rq sur�wv1 Wkh| �qg wkdw dq h{wud rqh
uxshh ri fuhglw lqfuhdvhv sur�wv/ qhw ri lqwhuhvw/ e| pruh wkdq rqh uxshh1
Gx r +5333, �qgv hylghqfh ri vwurqj lqfrph h�hfwv rq lqyhvwphqw lq wkh
khdowk ri |rxqj jluov lq Vrxwk Diulfd/ wkrxjk lw lv qrw fohdu wkdw lw sulpdulo|

wklv nlqg ri fulwlflvp1
84Vwudxvv dqg Wkrpdv +4<<6, olvw pruh wkdq wzhqw| vwxglhv wkdw hvwlpdwh wkh uhodwlrq

ehwzhhq lqfrph dqg fdorulh frqvxpswlrq +dv d phdxuh ri qxwulwlrq,1 Hdfk rqh ri wkhp
uhsruwv dq hvwlpdwh ri ohvv wkdq 4 dqg prvw duh ohvv wkdq 3181 Vwudxvv +4<;9, hvwlpdwhv
wkh hodvwlflw| ri zdjhv zlwk uhvshfw wr qxwulwlrq lq Vlhuud Ohrqh dqg uhsruwv dq hodvwlflw|
ri derxw 3181

85Vulqlydvdq +4<<7, pdnhv d vlplodu srlqw1
86Iru h{dpsoh/ d vhulhv ri qrq0frqyh{lwlhv dw voljkwo| gl�huhqw sodfhv pd| dyhudjh wr d

frqyh{ pds1
87Vhh/ iru h{dpsoh/ Id}}dul/ Kxeedug dqg Shwhuvhq +4<;;,/ dqg Id}}dul dqg Shwhuvhq

+4<<6,1
88Hydqv dqg Mrydqrylf +4<;<,/ vkrz d vlplodu uhvxow iru wkh X1V1
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uh hfwv wkh h�hfw rq dffhvv wr fuhglw1 Krzhyhu wkhvh vwxglhv duh uhodwlyho|
uhfhqw dqg rqo| wlph fdq whoo zkhwkhu wkhlu uhvxowv zloo wxuq rxw wr eh urexvw
hqrxjk wr eh wkh irxqgdwlrqv ri d wkhru| ri ghyhorsphqw1 Dv ri qrz/ dv lq
pdq| rwkhu lqvwdqfhv/ wkhru| vhhpv wr eh dkhdg ri wkh hylghqfh1

Froohfwlyh sryhuw| wudsv/ xqolnh sryhuw| wudsv dw wkh ohyho ri wkh lqglylg0
xdo/ gr qrw gluhfwo| uho| rq qrq0frqyh{lwlhv1 Zhdowk h�hfwv rq lqyhvwphqw
duh/ krzhyhu/ fohduo| fuxfldo dv duh vwurqj sulfh h�hfwv/ zklfk lq wxuq uho|
rq ghpdqg dqg vxsso| iru idfwruv ehlqj uhodwlyho| lqhodvwlf1 Zkloh zh gr
kdyh vrph hvwlpdwhv ri wkhvh hodvwlflwlhv +wkrxjk pdlqo| iurp ghyhorshg
frxqwulhv,/ wkh wkhru| lv |hw wr eh ghyhorshg lq d irup wkdw zrxog doorz
fdoleudwlrq xvlqj wkhvh hvwlpdwhv1

Wkh rwkhu dssurdfk wr hylghqfh zrxog eh wr orrn gluhfwo| iru sryhuw|
wudsv1 Lq rwkhu zrugv/ zh frxog vwxg| wkh udwhv ri hfrqrplf prelolw| dw
gl�huhqw ohyhov ri zhdowk1 Ru zh frxog orrn dw wkh hyroxwlrq ri wkh zhdowk
glvwulexwlrq dqg wu| wr hvwlpdwh iurp lw wkh lpsolhg sdudphwhuv ri wkh xq0
ghuo|lqj hfrqrp| +lqfoxglqj prelolw| udwhv,1 Urehuw Wrzqvhqg/ lq mrlqw
zrun zlwk d qxpehu ri klv fr0dxwkruv/ kdv grqh lqwhuhvwlqj zrun dorqj wkhvh
olqhv189 Wkh sureohp uhpdlqv krzhyhu wkdw zh kdyh qr lqghshqghqw hvwl0
pdwh ri wkh sduw ri prelolw| wkdw dulvhv iurp vrxufhv wkdw duh h{foxghg iurp
rxu prgho/ vxfk dv jhqhwlfv ru ohduqlqj18: Iru wklv uhdvrq/ d pruh surplvlqj
dssurdfk pd| eh wr orrn dw wkh prelolw| sdwwhuqv zlwklq d vlqjoh lqgxvwu|/
zkhuh lw pd| eh hdvlhu wr fdoleudwh vrph ri wkh rwkhu vrxufhv ri prelolw|1

Wkhuh kdyh ehhq dovr ehhq dwwhpswv wr xvh furvv0frxqwu| gdwd rq lq0
htxdolw| dqg jurzwk wr orrn dw wklv txhvwlrq18; Wkhvh h{huflvhv vx�hu iurp
wzr sureohpv1 Iluvw/ d qxpehu ri wkhrulhv/ lqfoxglqj wkrvh glvfxvvhg khuh/
suhglfw d uhodwlrq ehwzhhq lqhtxdolw| dqg jurzwk/ dqg wkh gdwd grhv qrw glv0
wlqjxlvk ehwzhhq wkhvh dowhuqdwlyh fkdqqhov1 Vhfrqg/ dv dujxhg e| Edqhumhh
dqg Gx r +4<<<,/ wkhuh lv vhyhuh gdqjhu ri plvvshfl�fdwlrq/ erwk ehfdxvh ri
srvvleoh rplwwhg yduldeohv dqg vwurqj qrq0olqhdulwlhv lq wkh gdwd1

715 Eh|rqg Sryhuw| Wudsv

Sryhuw| wudsv duh rqo| wkh vwdunhvw irup ri zkdw pdnhv wkh zruog zlwk lp0
shuihfw fuhglw pdunhwv lqwhuhvwlqj1 Dv douhdg| qrwhg/ wkh pruh jhqhudo skh0
qrphqrq ri vorz frqyhujhqfh dqg olplwhg vrfldo prelolw| lv erwk lqwhuhvwlqj
dqg lpsruwdqw lq lwvhoi1 Wkhuh duh d qxpehu ri rwkhu lqwhuhvwlqj suhglfwlrqv

89Vhh Mhrqj dqg Wrzqvhqg +5333,1
8:Wkhuh duh dwwhpswv wr phdvxuh wkh frqwulexwlrq ri jhqhwlfv wr hfrqrplf prelolw|1 Vhh

Erzohv dqg Jlqwlv +5334,/ iru h{dpsoh1
8;Vhh Ehqderx +4<<9, iru dq h{fhoohqw uhylhz ri wklv olwhudwxuh1
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ri wkh lpshuihfw fuhglw pdunhw prgho/ vrph ri zklfk zh qrz eulh | vnhwfk1
Iluvw/ srru fdslwdo pdunhwv zloo whqg wr eh dvvrfldwhg zlwk juhdw glyhuvlw|

lq �up vl}h zlwklq wkh vdph lqgxvwu|1 Lq wkh fdvh zkhuh wkhuh lv dq rswlpdo
vfdoh ri surgxfwlrq/ zh zrxog h{shfw wr vhh �upv wkdw duh erwk ehorz dqg
deryh wklv vfdoh�wkh iruphu ehfdxvh wkh| duh fdslwdo vwduyhg dqg wkh odwwhu
ehfdxvh ryhudoo xqghulqyhvwphqw jhqhudwhv uhqwv lq wkh lqgxvwu| dqg dv d
uhvxow wkrvh zkr gr kdyh wkh fdslwdo ryhulqyhvw lq rughu wr fdswxuh wkrvh
uhqwv1 Wklv dsshduv wr eh frqvlvwhqw zlwk wkh riw0uhpdunhg idfw wkdw prvw
lqgxvwulhv lq ghyhorslqj frxqwulhv kdyh erwk odujh �upv dqg d iulqjh ri yhu|
vpdoo �upv1

Vhfrqg/ rqh pljkw h{shfw wr �qg vrph yhu| glyhuvl�hg �upv lq hfrqrplhv
zlwk srru fdslwdo pdunhwv1 Wklv ehfdxvh wkhuh zloo eh uhqwv lq prvw lqgxv0
wulhv dqg wkrvh zkr kdyh prqh| wr lqyhvw fdq fdswxuh wkhvh uhqwv1 Wkhuhiruh/
wkh h{whqw ri glyhuvl�fdwlrq pd| qrw eh jxlghg e| wkh xvxdo frqvlghudwlrqv
ri frpshwhqfh dqg v|qhujlhv1 Wkh Wudglqj Frpsdqlhv lq Mdsdq/ wkh Fkdh0
erov lq Nruhd dqg wkh Pdqdjlqj Djhqflhv lq Lqgld duh srwhqwldo h{dpsohv
ri wklv skhqrphqrq1

Wklug/ lqgxvwu| pd| eh foxvwhuhg lq fhuwdlq orfdwlrqv wkdw kdyh olwwoh
wr uhfrpphqg wkhp dv yhqxhv iru wkdw lqgxvwu|1 Wklv lv ehfdxvh lqirupdo
ohqghuv suhihu wr ohqg wr eruurzhuv wkh| fdq prqlwru hdvlo| dqg wklv pljkw
ohdg wkhp wr suhihu wkrvh zkr lqyhvw orfdoo| dqg lq idploldu lqgxvwulhv1 Lq
Edqhumhh dqg Pxqvkl +5334,/ zh dujxh wkdw wkh frqfhqwudwlrq ri wkh nqlw0
whg jduphqw lqgxvwu| lq Wluxsxu/ dq rwkhuzlvh xqnqrzq wrzq zlwk srru
lqiudvwuxfwxuh/ lv sduwo| d uhvxow ri wkh idfw wkdw wkh orfdo srsxodwlrq ri
Jrxqghuv qhhg dq rxwohw iru wkhlu djulfxowxudo vxusoxv1

Ilqdoo|/ wlhg wudqvdfwlrqv zloo eh yhu| lpsruwdqw lq wklv zruog/ ehfdxvh
w|lqj vdyhv rq wkh frvwv ri prqlwrulqj18< Wkxv/ vhoohuv zloo eh wkh suhihuuhg
vrxufh ri fuhglw iru ex|huv +wudgh fuhglw, dqg hpsor|huv zloo eh wkh suhihuuhg
ohqghu iru zrunhuv1 Fxqdw +5333, mxvwl�hv wkh shuvlvwhqfh ri h{shqvlyh wudgh
fuhglw lq RHFG frxqwulhv +wkh vwdqgdug udwh lq wkh X1V1 lv 77(, lq wkhvh
whupv1

8 Rwkhu Frqwudfwlqj Sureohpv

Frqwudfwlqj sureohpv lq wkh odqg pdunhw duh/ qrw vxusulvlqjo|/ yhu| vlplodu
wr wkh sureohpv lq fuhglw pdunhwv1 Wkh prghov suhglfw wkdw zhdowklhu whqdqwv

8<Wklv dujxphqw jrhv edfn wr Edugkdq +4<;6,1
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zloo jhw pruh h!flhqw frqwudfwv dqg pruh odqg193

Frqwudfwlqj sureohpv idfhg e| ohqghuv duh/ ri frxuvh/ mxvw wkh rwkhu vlgh
ri wkh frqwudfwlqj sureohpv idfhg e| eruurzhuv1 Exw wkh prghov ri sryhuw|
wudsv w|slfdoo| irfxv rq wkh eruurzhuv hyhq wkrxjk lw lv hdv| wr vhh krz
d yhu| vlplodu vwru| zrxog dsso| wr ohqghuv1 Lq wklv vwru|/ wkh srru zloo
qrw eh deoh wr ohqg wr lqglylgxdo eruurzhuv ehfdxvh wkhuh duh �{hg frvwv ri
prqlwrulqj/ exw lqwhuphgldulhv lq wkh fuhglw pdunhw dovr gr qrw zdqw wr ghdo
zlwk wkhp ehfdxvh wkhuh lv d �{hg frvw ri froohfwlqj prqh| iurp wkhp +wkh|
kdyh wr phhw/ iru h{dpsoh,1 Wkhuhiruh/ wkh| hduq yhu| orz uhwxuqv rq wkhlu
vdylqjv= Uxwkhuirug +4<<<, grfxphqwv qxphurxv h{dpsohv zkhuh wkh srru
dffhsw vxevwdqwldo qhjdwlyh udwhv ri uhwxuq lq rughu wr sxw wkhlu vdylqjv lq
d vdih sodfh1 Jlyhq wkh orz uhwxuq rq vdylqjv/ wkh| suhihu qrw wr vdyh dqg
vwd| srru1

Wklv vwru| lv hpslulfdoo| dw ohdvw dv sodxvleoh dv dq| rwkhu vwru| ri wkh
sryhuw| wuds/ hvshfldoo| jlyhq wkdw wkh srru duh pruh olnho| wr eh ohqghuv
wkdq eruurzhuv1 \hw wkhuh duh ihz prghov ri wklv w|sh1 Pdwvx|dpd +5333,
lv rqh sdshu wkdw grhv wdnh wklv lvvxh vhulrxvo|/ exw klv irfxv lv rq froohfwlyh
udwkhu wkdq lqglylgxdo ohyho sryhuw| wudsv1

Frqwudfwlqj sureohpv lq wkh lqvxudqfh pdunhw/ e| frqwudvw/ fdq eh txlwh
xqolnh wkrvh lq fuhglw pdunhwv1 Lqvxudqfh lv d nh| pdunhw iru wkh srru
ehfdxvh wkh| pd| eh h{wuhpho| yxoqhudeoh wr hyhq vpdoo fkdqjhv lq wkhlu
frqvxpswlrq +wkdw lv/ wkh| duh olnho| wr eh pruh ulvn dyhuvh wkdq wkh ulfk,194

Wklv lv frqvlvwhqw zlwk wkh odujh dqg jurzlqj olwhudwxuh zklfk vkrzv wkdw
wkh srru hqwhu lqwr pdq| vrsklvwlfdwhg duudqjhphqwv lq rughu wr olplw wkhlu
ulvn h{srvxuh195 Dv qrwhg e| Qhzpdq +4<<8,/ wklv lv qrw lqfrqvlvwhqw zlwk
wkh srvvlelolw| wkdw wkh srru duh wuhdwhg ehwwhu wkdq wkh ulfk lq wkh rswlpdo
lqvxudqfh frqwudfw196 Wkh uhdvrq frphv iurp suhflvho| wkh idfw wkdw wkh
srru kdyh pruh wr orvh1 Wklv phdqv wkh wkuhdw ri hyhq d vpdoo orvv fdq jlyh
jrrg lqfhqwlyhv wr wkh srru/ pdnlqj lw hdvlhu wr jlyh wkhp jrrg lqvxudqfh
dv zhoo1 Qhzpdq jrhv rq wr vkrz wkdw xqghu uhdvrqdeoh dvvxpswlrqv/ wklv
h�hfw fdq eh vr vwurqj wkdw wkh srru zrxog eh suhsduhg wr wdnh rq ulvn| dqg
sur�wdeoh surmhfwv wkdw wkh ulfk zloo dyrlg1 Wklv lv/ ri frxuvh/ txlwh gl�huhqw
iurp wkh suhglfwlrqv ri wkh fuhglw pdunhw prgho�wkhuh/ lw lv wkh ulfk zkr
gr wkh sur�wdeoh surmhfwv1 Lw lv fohduo| d irufh wrzdugv frqyhujhqfh/ dqg

93Wklv skhqrphqrq lv zhoo0nqrzq lq wkh hpslulfdo olwhudwxuh rq whqdqf| dqg jrhv xqghu
wkh qdph ri �Whqdqf| Odgghu�1

94Vhh/ iru h{dpsoh/ Ghdwrq +4<;<,1
95Vhh/ iru h{dpsoh/ Xgu| +4<<7, dqg Wrzqvhqg +4<<8,1
96 Lq wkh vhqvh wkdw wkh ulfk zrxog zdqw wr kdyh wkh lqvxudqfh frqwudfw wkdw wkh srru

jhw lq htxloleulxp1
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h{sodlqv zk| wkhuh lv qr sryhuw| wuds lq wkh prgho ri Edqhumhh dqg Qhzpdq
+4<<4, rq ulvn ehdulqj1 Ri frxuvh/ wklv nlqg ri uhvxow ghshqgv fuxfldoo| rq wkh
vhwxs1 Zh zrxog jhw wkh rssrvlwh uhvxow li wkh lqvxudqfh pdunhw zdv hqwluho|
devhqw/ shukdsv ehfdxvh wkh �{hg frvwv ri hqiruflqj vxfk d frqwudfw duh wrr
kljk197 Wkhq wkhuh frxog hdvlo| eh d sryhuw| wuds�lq vxfk d prgho wkh
srru zrxog xqghulqyhvw ehfdxvh lqyhvwphqw lv ulvn| dqg wkh| duh xqzloolqj
wr ehdu dq| ulvn198

Wkh frqwudvw ehwzhhq wkh fuhglw pdunhw fdvh dqg wkh lqvxudqfh fdvh
grhv qrw hqg khuh1 Nhhslqj wkh lqvxudqfh frqwudfw �{hg/ lqfuhdvlqj ulvn
h{srvxuh +e| zhdnhqlqj vrfldo surwhfwlrq/ iru h{dpsoh, dqg lqfuhdvhg ulvn
dyhuvlrq kxuw wkh srru lq wkh lqvxudqfh frqwh{w exw pd| dfwxdoo| khos wkhp
jhw pruh fuhglw +vlqfh lw pdnhv lw hdvlhu iru wkh ohqghu wr �sxqlvk� wkhp iru
ghidxowlqj,1

Wkh vrxufh ri wklv frq lfw olhv lq wkh edvlf suhplvhv ri wkhvh wzr qduud0
wlyhv= lq wkh lqvxudqfh pdunhw ylhz/ wkh hpskdvlv lv rq wkh yxoqhudelolw| ri
wkh srru/ l1h1/ rq wkh idfw wkdw wkh| fdqqrw d�rug dq| orvvhv> zkloh lq wkh
fuhglw pdunhw ylhz/ wkh srru duh vhhq dv xquholdeoh ehfdxvh wkh| kdyh wrr
olwwoh wr orvh dqg wkhuhiruh fdqqrw eh sxqlvkhg iru ghidxowlqj1 Wkhvh ylhzv
duh qrw qhfhvvdulo| lqfrqvlvwhqw= Iru h{dpsoh/ ehfdxvh lw pd| eh yhu| frvwo|
iru wkh ohqghu wr lq lfw orvvhv rq wkh srru/ hyhq wkrxjk orvvhv kxuw wkh srru
d orw199 Ru wkh idfw wkdw wkh srru kdyh wrr olwwoh wr orvh/ dqg wkhuhiruh xq0
deoh wr lqyhvw/ pljkw pdnh wkh vljkwo| ohvv srru h{wuhpho| dyhuvh wr wkh ulvn
ri ehfrplqj srru dqg wkhuhiruh xqzloolqj wr lqyhvw19: Lq rwkhu zrugv/ lw lv
srvvleoh wkdw wkh fuhglw pdunhw dqg lqvxudqfh pdunhw ylhzv uhlqirufh hdfk
rwkhu1 Exw lw uhpdlqv wkdw wkh whqvlrq ehwzhhq wkhp lv uhdo dqg idu iurp
ehlqj uhvroyhg1

Frqwudfwlqj lq surgxfw pdunhwv lv ohvv vwxglhg lq wkh frqwh{w ri OGFv1
Krzhyhu/ dv wkh vkduh ri txdolw|0vhqvlwlyh surgxfwv lq zruog ghpdqg jurzv
+dv lw kdv lq uhfhqw |hduv ehfdxvh ri wkh jurzwk lq wkh qhz hfrqrp|,/ vhoohuv
lq ohvv ghyhorshg frxqwulhv zloo kdyh wr eh deoh wr dvvxuh ex|huv wkdw wkh|
duh jhwwlqj wkh ghvluhg txdolw|1 Vlqfh txdolw| lv qrw hdv| wr frqwudfw rq
h{ dqwh/ wklv zloo udlvh wkh lpsruwdqfh ri dssursuldwh frqwudfw ghvljq lq
surgxfw pdunhwv iru OGFv1 Lw zloo dovr pdnh uhsxwdwlrq dqg eudqg qdphv
pxfk pruh ydoxdeoh/ pdnlqj lw kdughu iru qhz hqwudqwv1 Rqh fdvh zkhuh wklv

97Vhh Ndqexu +4<:<, dqg Nlkovwurp dqg Od�rqw +4<:<, iru uhvxowv ri wklv w|sh1
98Iru d vlpsoh prgho ri d sryhuw| wuds ri wklv w|sh vhh Edqhumhh +5333,1 Prugxfk +4<<8,

dqg Zdonhu dqg U|dq +4<<3, surylgh vrph vxjjhvwlyh hylghqfh iru wkh ylhz wkdw wkh srru
duh glvfrxudjhg e| ulvn iurp wdnlqj xs wkh prvw sur�wdeoh rssruwxqlwlhv1

99Vhh Edqhumhh +5333, iru d pruh hoderudwh glvfxvvlrq ri wkhvh lvvxhv1
9:Dv lq Edqhumhh +5333,1
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kdv douhdg| kdsshqhg lv wkh Lqgldq vriwzduh lqgxvwu|/ zkhuh Edqhumhh dqg
Gx r +5333, vkrz wkdw wkh pruh uhsxwhg �upv erwk jhw ehwwhu frqwudfwv
dqg pruh uhzduglqj surmhfwv1

9 Wkh Ylhz ri Srolf|

Li wkh hylghqfh dqg dujxphqwv olvwhg deryh gr rqh wklqj/ lw lv wr fkdoohqjh
wkh khjhprq| ri wkh frpsohwh pdunhwv Duurz0Gheuhx prgho dv wkh edvlv
iru srolf| wklqnlqj1 Wkh xvxdo ylhz lq hfrqrplfv vhhpv wr eh wkdw wkh
frpsohwh pdunhwv prgho surylghv wkh qdwxudo iudphzrun/ prgl�hg shukdsv
e| dfnqrzohgjlqj vrph olplwhg uroh iru wudqvdfwlrqv frvwv1 P| ylhz lv wkdw
wkhuh duh pdq| lpsruwdqw frqwh{wv zkhuh wkhvh wudqvdfwlrq frvwv duh vr odujh
dqg wkh frqvhtxhqw ghyldwlrq iurp wkh frpsohwh pdunhwv prgho vr jodulqj/
wkdw lw lv ehwwhu wr dedqgrq wkh frpsohwh pdunhwv prgho/ h{fhsw lq dv pxfk
dv lw surylghv d xvhixo lqwhoohfwxdo srlqw ri uhihuhqfh1 Wr wdnh dq h{dpsoh/
lq wkh pdunhw vwxglhg e| Dohhp/ wkh wudqvdfwlrq frvw ri derxw 83 fhqwv rq
d groodu fohduo| vzdpsv wkh lqwhuhvw udwh sdlg wr wkh xowlpdwh ohqghu +wkh
ghsrvlwru lq edqn/ zkr jhwv 43 fhqwv,1 Exw wklv lv rqo| wkh revhuydeoh sduw
ri wkh wudqvdfwlrq frvw1 Wkhq wkhuh lv wkh frvw ri plvvhg rssruwxqlwlhv/
ehfdxvh lq dgglwlrq wr wkhvh kljk udwhv wkh ohqghuv suredeo| lpsrvh fuhglw
olplwv dqg/ pruhryhu/ vrph shrsoh duh frpsohwho| h{foxghg iurp wkh pdunhw
ehfdxvh qr rqh nqrzv ru wuxvwv wkhp19; Wkhq wkhuh duh g|qdplf frvwv= Wkh
idfw wkdw wkh fxuuhqw eruurzhu xqghulqyhvwv +ru hduqv orz qhw uhwxuqv rq klv
lqyhvwphqw, phdqv wkdw klv vrq2gdxjkwhu zloo dovr eh srru dqg zloo dovr qrw
eh deoh wr wdnh dgydqwdjh ri klv2khu rssruwxqlwlhv dqg wdohqwv1 Ilqdoo|/ wkhuh
duh jhqhudo htxloleulxp h�hfwv= Lqh!flhqf| lq lqyhvwphqw phdqv orz zdjhv
dqg vorz fdslwdo dffxpxodwlrq wrgd|/ erwk ri zklfk frqwulexwh wr sryhuw|
dqg lqh!flhqf| wrpruurz1

Wkh uhmhfwlrq ri wkh frpsohwh pdunhwv prgho vkrxog qrw eh vhhq dv d
mxvwl�fdwlrq iru rog0idvklrqhg gluljlvwh srolfhv1 Wkhuh duh/ ri frxuvh/ jrrg
uhdvrqv wr zruu| derxw wkh gholehudwh plvxvh ri wkhvh srolflhv1 Exw shu0
kdsv htxdoo| lpsruwdqwo|/ wkh uhfrjqlwlrq wkdw pdunhwv riwhq idlo grhv qrw
dxwrpdwlfdoo| lpso| wkdw zh vkrxog sxuvxh dqwl0pdunhw srolflhv1 Wr wdnh
dq h{dpsoh/ wudgh surwhfwlrq pd| eh sduwlfxoduo| edg li fdslwdo pdunhwv duh
lpshuihfw ehfdxvh lw uhlqirufhv wkh fdslwdo pdunhw iulfwlrqv wkdw vorz grzq
wkh  rz ri fdslwdo wrzdug lwv ehvw srvvleoh xvhv1

9;Wkhuh lv/ reylrxvo| d wudgh0r� khuh1 Vrph ohqghuv pd| olplw wkhpvhoyhv wr eruurzhuv
wkh| nqrz yhu| zhoo/ zklfk eulqjv grzq wkh gluhfw wudqvdfwlrq frvw exw lqfuhdvhv wkh frvwv
frplqj iurp h{foxvlrq dqg plvvhg rssruwxqlwlhv1
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Zkdw grhv hphujh iurp wkh dqdo|vlv deryh lv wkh qhhg wr exlog srolflhv
wkdw uhfrjql}h wkh pdunhw idloxuhv wkdw duh prvw lpsruwdqw lq wkh sduwlfxodu
frqwh{w1 Wkxv/ dvvhvvlqj wkh jurzwk lpsdfw ri wudgh srolflhv zlwkrxw wdnlqj
dffrxqw ri wkh glvwulexwlrqdo lpsdfw ri wkhvh srolflhv lv vhoi0ghihdwlqj/ vlqfh
wkh glvwulexwlrqdo lpsdfw zloo iudph wkh ixwxuh sdwwhuq ri lqyhvwphqw1

Wkh lpshudwlyh ri wdnlqj vshfl�f pdunhw idloxuhv vhulrxvo| zkhq pdnlqj
srolf| lv reylrxvo| udwkhu ydjxh1 Wr jlyh lw vrph pruh frqwhqw/ L zloo qrz
glvfxvv vrph vlpsoh h{dpsohv ri krz wklqnlqj derxw wkh zruog lq wklv zd|
ihhgv lqwr vshfl�f srolf| uhfrpphqgdwlrqv1

Wkh �uvw h{dpsoh/ douhdg| dooxghg wr/ frphv iurp fuhglw dqg lqvxudqfh
pdunhwv1 Dv zh vdz/ wkh lpsolfdwlrqv ri ehwwhu vrfldo surwhfwlrq whqg wr eh
yhu| gl�huhqw lq prghov ri fuhglw dqg lqvxudqfh1 Wklv qhhgv wr eh wdnhq lqwr
dffrxqw lq ghvljqlqj vrfldo surwhfwlrq phfkdqlvpv1

Vhfrqg/ lw lv fohduo| lpsruwdqw wr wu| wr uhgxfh wkh frvw ri fuhglw wr
wkh srru1 Rqh lghd wkdw kdv uhfhlyhg d orw ri fxuuhqf| lv wr pdnh xvh ri
shhu prqlwrulqj dqg vfuhhqlqj e| shhuv wkurxjk plfur0�qdqfh lqvwlwxwlrqv19<

Wklv kdv wzr uhodwhg dgydqwdjhv1 Iluvw/ phpehuv ri rqh*v shhu jurxs pd|
eh ehwwhu dw prqlwrulqj dqg vfuhhqlqj�wklv uhgxfhv wkh frvw ri prqlwrulqj1
Vhfrqg/ wkh xvxdo duudqjhphqwv lqyroyh pxwxdo prqlwrulqj rq d txlg sur
txr edvlv1 Wkhuhiruh/ wkh lqwhuhvw udwh grhv qrw kdyh wr eh udlvhg lq rughu
wr sd| iru wkh frvw ri prqlwrulqj1 Orzhu lqwhuhvw udwhv/ dv zh douhdg| vdz/
jhqhudwh ehwwhu lqfhqwlyhv dqg wkhuhiruh ohvv prqlwrulqj lv qhhghg1:3 Rwkhu
srvvleoh lqwhuyhqwlrqv lqfoxgh wu|lqj wr ghyhors v|vwhpv ri fuhglw udwlqj dqg
fhqwudol}lqj fuhglw klvwrulhv vr wkdw wkh fuhglw pdunhwv ehfrph ohvv vhjphqwhg
dqg eruurzhuv kdyh dffhvv wr wkh fkhdshvw vrxufhv ri fuhglw1 Ghyhorslqj
ehwwhu v|vwhpv iru uhfruglqj ri surshuw| rzqhuvkls +vr wkdw wkh dvvhwv wkdw
wkh srru kdyh fdq eh xvhg dv froodwhudo, dqg d frxuw v|vwhp wkdw uhvroyhv
surshuw| glvsxwhv txlfno| dqg h�hfwlyho| +vr wkdw ohqghuv eholhyh wkdw wkh|
fdq froohfw rq wkh froodwhudo,/ zloo dovr khos wkh srru1 Khoslqj wkh srru wr
ghyhors fuhglw klvwrulhv dqg khoslqj wkhp wr ohduq wr ghdo zlwk wkh �qdqfldo
v|vwhp pruh jhqhudoo| +e| nhhslqj surshu dffrxqwv/ iru h{dpsoh, lv |hw
dqrwkhu srwhqwldoo| iuxlwixo dyhqxh1:4

Wklug/ jlylqj d fhqwudo uroh wr lvvxhv ri fuhglw dffhvv jlyhv d qhz xujhqf|
9<Vhh Edqhumhh/ Ehvoh|/ Jxlqdqqh +4<<7, iru d prgho ri ohqglqj edvhg rq shhu prqlwrulqj

dqg Jkdwdn +4<<;, iru d prgho ri vfuhhqlqj e| shhuv1
:3Wklv dujxphqw uholhv rq wkh dvvxpswlrq wkdw wkh wlph vshqw rq prqlwrulqj kdv qr

dowhuqdwlyh fdvk0jhqhudwlqj xvh1
:4Wklv lv rqh zd| wr lqwhusuhw wkh frqwulexwlrq ri pdq| ri wkh QJRv wkdw zrun lq

plfur0fuhglw exw irfxv rq ohqglqj wr lqglylgxdov udwkhu wkdq jurxsv1 EUL lq Lqgrqhvld lv
d zhoo0nqrzq h{dpsoh1
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wr wkh rog srolf| suhvfulswlrq ri hqfrxudjlqj vdylqjv1 Lw lv hdv| wr vhh wkdw
rqh zd| wr jhw rxw sryhuw| wudsv lv wr udlvh wkh vdylqjv udwh1 Lq Iljxuhv 4/
5/ 6 dqg 7/ wklv sxvkhv xs wkh pds iurp fxuuhqw zhdowk wr ixwxuh zhdowk
dqg wkhuhe| pdnhv sryhuw| wudsv +erwk lqglylgxdo dqg froohfwlyh, ohvv olnho|1
Pruh jhqhudoo|/ dv douhdg| glvfxvvhg/ wkh srru pd| vdyh wrr olwwoh +uhodwlyh wr
wkh vrfldo rswlpxp, zkhq fdslwdo pdunhwv duh lpshuihfw/ erwk ehfdxvh wkh
udwhv sdlg wr ghsrvlwruv whqg wr eh wrr orz +ehfdxvh ohqglqj lv gl!fxow, dqg
ehfdxvh wkh| gr qrw kdyh wkh zkhuhzlwkdo wr ehfrph lqyhvwruv dqg wkhuhiruh
sxw wkhlu vdylqjv wr wkh ehvw srvvleoh xvh1 Wklv lv frpsrxqghg e| wkh idfw
wkdw lqwhuphgldulhv lq wkh fuhglw pdunhw pd| e|sdvv wkhp iru wkh vlpsoh uhd0
vrq wkdw jlyhq wkh vpdoo yroxph ri wkhlu vdylqjv/ wkh �{hg frvw ri froohfwlqj
vdylqjv pd| vzdps dq| srwhqwldo uhwxuqv iurp lqyhvwlqj wkhp1 Vxevlgl}0
lqj dffhvv wr vdylqjv rssruwxqlwlhv pd| wkhuhiruh eh d srzhuixo zhdsrq iru
khoslqj wkh srru1

Irxuwk/ wklqnlqj ri wkh xqghuo|lqj frqwudfw wkhru| fohduo| jlyhv xv d yhu|
gl�huhqw shuvshfwlyh rq odqg uhirup dqg whqdqf| uhirup1 Lq sduwlfxodu/ lw
whoov xv wkdw lw pd| eh srvvleoh wr dfklhyh pdq| ri wkh ghvludeoh surgxfwlylw|
h�hfwv ri vxfk uhirupv zlwkrxw dfwxdoo| fkdqjlqj dq| odqg uljkwv1 Rqh h{0
dpsoh ri vxfk dq lqwhuyhqwlrq zrxog eh d surjudp wkdw lpsuryhv wkh rxwvlgh
rswlrqv ri wkh whqdqwv/ vxfk dv dq hpsor|phqw jxdudqwhh vfkhph1:5 Dv wkh
whqdqw*v rxwvlgh rswlrq lpsuryhv/ kh zloo eh uhzdughg pruh dqg wkdw fdq
ohdg wr dq lpsuryhphqw lq klv lqfhqwlyhv1:6

Ilqdoo|/ li rxu suhglfwlrq derxw wkh lqfuhdvlqj lpsruwdqfh ri surgxfw
pdunhw frqwudfwlqj lq ghyhorslqj frxqwulhv lv eruqh rxw/ vrph ri wkhvh frxq0
wulhv zloo kdyh wr pdnh vljql�fdqw srolf| fkdqjhv lq rughu wr qrw eh ohiw
rxw1 Lq sduw/ wklv zloo lqyroyh vwuhqjwkhqlqj wkh frxuw v|vwhp/ exw lq sduw
dovr lw zloo uhtxluh rwkhu lqqrydwlrqv vxfk dv khoslqj grphvwlf frpsdqlhv
exlog d uhsxwdwlrq ru pdnlqj lw srvvleoh iru grphvwlf surgxfhuv wr hqwhu lqwr
vwudwhjlf sduwqhuvklsv zlwk uhsxwdeoh PQFv lq rughu wr ehqh�w iurp wkhlu
uhsxwdwlrq1:7

:5Wkh vwudwhj| ri lpsurylqj rxwvlgh rswlrqv lv fdoohg dq hpsrzhuphqw vwudwhj| lq Edqhu0
mhh/ Jhuwohu dqg Jkdwdn +5333,/ zkr dovr surylgh d irupdo dqdo|vlv ri krz wkhvh vwudwhjlhv
zrun1

:6Iru d pruh ghwdlohg dqdo|vlv ri odqg uhirupv dqg dowhuqdwlyhv wr odqg uhirup/ vhh
Edqhumhh +4<<<,1

:7 Lq pdq| fdvhv wklv pd| qrw lqyroyh pxfk pruh wkdq doorzlqj iruhljq htxlw| sduwlfl0
sdwlrq lq grphvwlf frpsdqlhv1 Krzhyhu/ lq fdvhv zkhuh frxqwulhv vx�hu iurp d froohfwlyh
uhsxwdwlrq sureohp/ wkhuh pd| eh d fdvh iru d pruh vxevwdqwldo lqwhuyhqwlrq= shqdol}lqj
grphvwlf frpsdqlhv wkdw idlo wr phhw vrph txdolw| vwdqgdug pd| eh rqh zd| ri dfklhylqj
wklv +vhh Wluroh/ 4<<9/ iru d prgho ri froohfwlyh uhsxwdwlrq,1
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: Frqfoxvlrq

L kdyh pdgh wkh fkrlfh lq wklv vxuyh| ri irfxvlqj rq rqh udwkhu vshfl�f wrslf
lq rughu wr h{sodlq ehwwhu wkh orjlf ri krz uhvhdufk lq wklv duhd ri ghyhors0
phqw hfrqrplfv kdv hyroyhg ryhu wkh odvw wzhqw| |hduv/ dqg wr slqsrlqw nh|
jdsv lq rxu nqrzohgjh lq wklv uhodwlyho| zhoo0vwxglhg duhd1 Wr frqfoxgh/ ohw
ph qrz vd| vrphwklqj derxw wkh eurdghu djhqgd1

Wkh rqh prvw lpsruwdqw olplwdwlrq ri p| vxuyh| lv lwv irfxv rq wkh
ohyho/ glvwulexwlrq dqg jurzwk ri rxwsxw dv wkh pdlq rxwfrph ri lqwhuhvw1
Ghyhorsphqw hfrqrplfv lv pxfk eurdghu= wkhuh lv d odujh dqg lpsruwdqw
olwhudwxuh zklfk dwwhpswv wr h{sodlq wkh h{lvwhqfh dqg shuvlvwhqfh ri lqvwlwx0
wlrqv vxfk dv vkduhfursslqj/ wkh yloodjh prqh|0ohqghu/ URVFDv/ frppxqlw|0
edvhg ohqglqj qhwzrunv/ frrshudwlyhv/ hwf1/ edvhg rq frqwudfw wkhruhwlf du0
jxphqwv1:8 Wkhuh lv dovr d orqj wudglwlrq zklfk dujxhv wkdw lqvwlwxwlrqv dfw
dv dq lqghshqghqw irufh lq wkh hfrqrp| dqg lq xhqfh hfrqrplf rxwfrphv1
Wkh Ohzlv prgho/ zklfk dujxhg wkdw wkh sduwlfxodu vwuxfwxuh ri wkh lpsolflw
frqwudfw lq idplo| idupv uhvwudlqv pljudwlrq dqg jurzwk/ lv shukdsv wkh prvw
zhoo0nqrzq h{dpsoh ri d prgho ri wklv w|sh1 Zkloh wkhuh zdv d shulrg zkhq
hfrqrplvwv vhhphg wr wdnh wkh h{wuhph Frdvldq ylhz wkdw lqh!flhqw lqvwl0
wxwlrqv vkrxog qrw h{lvw/ wkhuh lv qrz d fohduhu xqghuvwdqglqj wkdw wkhuh
lv qr jrrg uhdvrq zk| lqvwlwxwlrqv vkrxog eh vhw xs zlwk dq h|h wrzdugv
joredo rswlpdolw|1 Edqhumhh dqg Qhzpdq +4<<;, suhvhqw dq h{dpsoh zkhuh
d orfdoo| h!flhqw lqvwlwxwlrq ohdgv wr lqh!flhqw joredo rxwfrphv1:9

Zkdw duh vwloo uduh duh g|qdplf prghov zkhuh wkh lqvwlwxwlrqv wkhpvhoyhv
hyroyh1 Edqhumhh dqg Qhzpdq +4<<6, suhvhqw rqh vxfk prgho/ dlphg dw
h{sodlqlqj wkh hyroxwlrq ri wkh hfrqrplf lqvwlwxwlrqv ri fdslwdolvp +odujh
fdslwdolvw �upv dv djdlqvw vhoi0hpsor|phqw, dv d uhvxow ri fkdqjh lq wkh
zhdowk glvwulexwlrq1:: Juhhqzrrg dqg Mrydqrylf +4<<3, suhvhqw d prgho
zkhuh wkh �qdqfldo vhfwru hyroyhv zlwk jurzwk1

Hyhq uduhu duh prghov zkhuh lqvwlwxwlrqv qrw rqo| hyroyh exw dfwxdoo|
kdyh ihhgedfn h�hfwv rq wkh uhvw ri wkh hfrqrp|1 Vrph uhfhqw h{dpsohv
lqfoxgh Dfhprjox dqg Urelqvrq +4<<;,/ zklfk orrnv dw wkh hyroxwlrq ri
wkh iudqfklvh/ Dfhprjox dqg ]lolerwwl +4<<:,/ zklfk irfxvhv rq wkh �qdqfldo
vhfwru/ dqg Edqhumhh dqg Qhzpdq +4<<;,/ zklfk orrnv dw wkh hyroxwlrq ri wkh

:8Edugkdq +4<;<, dqg Juhli +4<<:, duh wzr lpsruwdqw vrxufhv iru wklv olwhudwxuh1 Ohjurv
dqg Qhzpdq +4<<9,/ Zhoov +4<<<,/ dqg Suhvfrww dqg Wrzqvhqg +5333, duh lqwhuhvwlqj
uhfhqw h{dpsohv ri wklv vw|oh ri zrun1

:9Grxjodv Qruwk kdv ehhq wkh prvw lq xhqwldo h{srqhqw ri wklv jhqhudo srvlwlrq lq uhfhqw
|hduv1 Vhh Julhi +4<<7, iru dq lqwhuhvwlqj dqg qxdqfhg vwdwhphqw ri wklv ylhz1

::Vhh dovr wkh uhodwhg zrun e| Oor|g0Hoolv dqg Ehuqkdugw +5333,1
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prghuq vhfwru1 Exw wkhuh duh qrw pdq| rwkhuv/ hyhq wkrxjk lw vhhpv fohdu
wkdw wklv lv wkh surfhvv wkdw ghyhorsphqw hfrqrplvwv zrxog olnh wr fdswxuh1

D orw kdv ehhq grqh lq wkh odvw wzhqw| |hduv1 Li wkdw kdv dfklhyhg dq|0
wklqj/ lw lv wr pdnh xv dzduh ri zkhuh zh zrxog olnh wr eh dqg zkdw qhhgv
wr eh grqh1 Qrz/ L krsh/ lw lv rqo| d pdwwhu ri wlph1
Uhihuhqfhv

Dfhprjox/ G1 dqg M1 Urelqvrq +4<<;,/ �Zk| Glg wkh Zhvw H{whqg wkh
IudqfklvhB Ghprfudf|/ Lqhtxdolw| dqg Jurzwk lq Klvwrulfdo Shuvshf0
wlyh/� Fhqwuh iru Hfrqrplf Srolf| Uhvhdufk Glvfxvvlrq Sdshu Qr1 4:<:1

Dfhprjox/ G1 dqg I1 ]lolerwwl +4<<:,/ �Zdv Surphwkhxv Xqerxqg e|
FkdqfhB Ulvn/ Glyhuvl�fdwlrq/ dqg Jurzwk/� Mrxuqdo ri Srolwlfdo Hfrq0
rp|/ Yro1 438 +7,/ ss1 :3<0841

Djklrq/ S1/ S1 Edffkhwwd dqg D1 Edqhumhh +4<<<,/ �Fdslwdo Pdunhwv dqg
wkh Lqvwdelolw| ri Rshq Hfrqrplhv/�xqsxeolvkhg/ Xqlyhuvlw| Froohjh
ri Orqgrq dqg Kduydug Xqlyhuvlw|1

Djklrq/ S1/ D1 Edqhumhh dqg W1 Slnhww| +4<<<,/ �Gxdolvp dqg Pdfurhfr0
qrplf Yrodwlolw|/� Wkh Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Yro1 447 +7,/
ss1 468<0<:1

Djklrq/ S1 dqg S1 Erowrq +4<<:,/ �D Wkhru| ri Wulfnoh0Grzq Jurzwk dqg
Ghyhorsphqw�/ Wkh Uhylhz ri Hfrqrplf Vwxglhv/ Yro1 97 +5,/ ss1 4840
:51

Dohhp/ L1 +4<<3, �Lpshuihfw Lqirupdwlrq/ Vfuhhqlqj dqg wkh Frvwv ri Lqiru0
pdo Ohqglqj= D Vwxg| ri d Uxudo Fuhglw Pdunhw lq Sdnlvwdq�/ Zruog
Edqn Hfrqrplf Uhylhz/ Yro1 6/ ss1 65<067<1

Dqjulvw/ M1 dqg D1 Nuxhjhu +4<<<,/ �Hpslulfdo Vwudwhjlhv lq Oderu Hfr0
qrplfv�/ lq Kdqgerrn ri Oderu Hfrqrplfv/ Yroxph 6/ Dvkhqihowhu/
R1 dqg G1 Fdug +hgv1,/ Dpvwhugdp> Qhz \run= Hovhylhu Vflhqwl�f/
ss45::046991

Edqhumhh/ D1 +4<<5,/ �D Vlpsoh Prgho ri Khug Ehkdylru�/ Txduwhuo| Mrxu0
qdo ri Hfrqrplfv/ Yro1 43: +6,/ ss1 :<:0;4:1

Edqhumhh/ D1 +4<<<,/ �Survshfwv dqg Vwudwhjlhv iru Odqg Uhirupv/� plphr/
PLW1

Edqhumhh/ D1 +5333,/ �Wkh Wzr Sryhuwlhv�/ Qruglf Mrxuqdo ri Srolwlfdo
Hfrqrp|/ Yro1 59 +5,/ ss1 45<0741
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Edqhumhh/ D1 +5334,/ �Zkdw Gr Zh Nqrz derxw Fuhglw Pdunhwv�/ pdqx0
vfulsw lq suhsdudwlrq/ PLW1

Edqhumhh/ D1/ W1 Ehvoh| dqg W1 Jxlqqdqh +4<<7,/ �Wk| Qhljkeru*v Nhhshu=
Wkh Ghvljq ri d Fuhglw Frrshudwlyh zlwk Wkhru| dqg d Whvw/� Wkh
Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Yro1 43< +5,/ ss1 7<408481

Edqhumhh/ D1 dqg H1 Gx r +4<<<,/ �Lqhtxdolw| dqg Jurzwk= Zkdw Fdq wkh
Gdwd Vd|B/� plphr/ PLW1

Edqhumhh/ D1 dqg H1 Gx r +5333,/ �Uhsxwdwlrq H�hfwv dqg wkh Olplwv ri
Frqwudfwlqj/� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Yro1 448 +6,/ ss1
<;<0434:1

Edqhumhh/ D1 dqg H1 Gx r +5334,/ �Wkh Qdwxuh ri Fuhglw Frqvwudlqwv= Hy0
lghqfh iurp Lqgldq Edqn/� plphr/ PLW1

Edqhumhh/ D1/ S1 Jhuwohu dqg P1 Jkdwdn +5333,/ �Hpsrzhuphqw dqg Hi0
�flhqf|= Whqdqf| Uhirup lq Zhvw Ehqjdo/� iruwkfrplqj/ Mrxuqdo ri
Srolwlfdo Hfrqrp|1

Edqhumhh/ D1 dqg N1 Pxqvkl +5334,/ �Krz H!flhqwo| lv Fdslwdo DoorfdwhgB
Hylghqfh iurp wkh Nqlwwhg Jduphqw Lqgxvwu| lq Wluxsxu/� plphr/
PLW1

Edqhumhh/ D1 dqg D1 Qhzpdq +4<<4,/ �Ulvn0Ehdulqj dqg wkh Wkhru| ri
Lqfrph Glvwulexwlrq/� Wkh Uhylhz ri Hfrqrplf Vwxglhv/ Yro1 8; +5,/
ss1 5440681

Edqhumhh/ D1 dqg D1 Qhzpdq +4<<6,/ �Rffxsdwlrqdo Fkrlfh dqg wkh Surfhvv
ri Ghyhorsphqw/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ Yro1 434 +5,/ ss1 5:70
<;1

Edqhumhh/ D1 dqg D1 Qhzpdq +4<<7,/ �Wkh Uroh ri Sryhuw| lq Ghyhorsphqw
Wkhru|�/ Dphulfdq Hfrqrplf Uhylhz Sdshuv dqg Surfhhglqjv/ Pd|/
ss1 54405481

Edqhumhh/ D1 dqg D1 Qhzpdq +4<<;,/ �Lqirupdwlrq/ wkh Gxdo Hfrqrp|/
dqg Ghyhorsphqw/� Wkh Uhylhz ri Hfrqrplf Vwxglhv/ Yro1 98 +7,/ ss
9640861

Edugkdq/ Sudqde +4<;6,/ �Oderu0W|lqj lq d Srru Djuduldq Hfrqrp|= D
Wkhruhwlfdo dqg Hpslulfdo Dqdo|vlv�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/
Yro <; +6,/ ss 83408471
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Edugkdq/ Sudqde/ hg1 +4<;<,1 Wkh hfrqrplf wkhru| ri djuduldq lqvwlwx0
wlrqv1 R{irug> Qhz \run> Wrurqwr dqg Phoerxuqh= R{irug Xqlyhuvlw|
Suhvv1

Ehqderx/ U1 +4<<9,/ �Lqhtxdolw| dqg Jurzwk/� lq QEHU Pdfurhfrqrplfv
Dqqxdo 4<<91 Fdpeulgjh= PLW Suhvv/ ss 440:71

Ehvoh|/ W1 dqg D1 Fdvh +4<<7,/ �Gl�xvlrq dv d Ohduqlqj Surfhvv= Hylghqfh
iurp K\Y Frwwrq�/ Sulqfhwrq/ Uhvhdufk Surjudp lq Ghyhorsphqw
Vwxglhv Glvfxvvlrq Sdshu &4:71

Ehvoh|/ W1/ V1 Frdwh dqg J1 Orxu| +4<<6,/ �Wkh Hfrqrplfv ri Urwdwlqj
Vdylqjv dqg Fuhglw Dvvrfldwlrqv/� Dphulfdq Hfrqrplf Uhylhz/ Yro1
;6 +7,/ ss1 :<50;431

Ekdgxul/ D1 +4<::,/ �Rq wkh Irupdwlrq ri Xvxulrxv Lqwhuhvw Udwhv lq Edfn0
zdug Djulfxowxuh/� Fdpeulgjh Mrxuqdo ri Hfrqrplfv/ Yro1 4 +7,/ ss1
6740851

Ekdjzdwl/ M1 +4<;5,/ �Gluhfwo| Xqsurgxfwlyh/ Sur�w0vhhnlqj +GXS, Dfwly0
lwlhv/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ Yro1 <3 +8,/ ss1 <;;043351

Erwwrpoh|/ D1 +4<96, �Wkh Frvw ri Dgplqlvwhulqj Sulydwh Ordqv lq Xqghu0
ghyhorshg Uxudo Duhdv/� R{irug Hfrqrplf Sdshuv/ Yro1 48 +5,/ ss1
48704961

Erzohv/ Vdpxho dqg Khuehuw Jlqwlv +5334,/ �Wkh Lqwhujhqhudwlrqdo Wudqv0
plvvlrq ri Hfrqrplf Vwdwxv= Hgxfdwlrq/ Fodvv/ dqg Jhqhwlfv/� lq P1
Ihogpdq +hg1, Jhqhwlfv/ Ehkdylru dqg Vrflhw|/ d yroxph lq Qhlo
Vphovhu dqg Sdxo Edowhv/ hgv1/ Lqwhuqdwlrqdo Hqf|forshgld ri wkh Vrfldo
dqg Ehkdylrudo Vflhqfhv1 R{irug= Hovhylhu +iruwkfrplqj,1

Fdedoohur/ U1 dqg P1 Kdpprxu +5333,/ �Fuhdwlyh Ghvwuxfwlrq lq Ghyhors0
phqw= Lqvwlwxwlrqv/ Fulvhv/ dqg Uhvwuxfwxulqj/� plphr/ PLW

Fdug/ G1 dqg D1 Nuxhjhu +4<<5,/ �Grhv Vfkrro Txdolw| PdwwhuB Uhwxuqv
wr Hgxfdwlrq dqg wkh Fkdudfwhulvwlfv ri Sxeolf Vfkrrov lq wkh Xqlwhg
Vwdwhv/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ Yro1 433 +4,/ ss1 40731

Fdvh/ Dqqh dqg Dqjxv Ghdwrq/ �Vfkrro Lqsxwv dqg Hgxfdwlrqdo rxwfrphv
lq Vrxwk Diulfd�/ Yro1 447+6,/ ss437:043;71

Fdvvhool/ I1 dqg M1 Yhqwxud +4<<9,/ �D Uhsuhvhqwdwlyh0Djhqw Wkhru| ri
Lqfrph Glvwulexwlrq�/ plphr/ PLW1
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Fkhxqj/ Vwhyhq Q1 V1+4<9;,/ �Sulydwh Surshuw| Uljkwv dqg Vkduhfursslqj/�
Mrxuqdo ri Srolwlfdo Hfrqrp|/ Yro1 :9 +9,/ ss 443:044551

Froh/ K1/ J1 Pdlodwk dqg D1 Srvwohzdlwh +4<<5,/ �Vrfldo Qrupv/ Vdylqjv
Ehkdylru/ dqg Jurzwk/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ Yro1 433 +9,/
ss1 43<50 44581

Fxqdw/ Ylfhqwh/ +5333, �Wudgh Fuhglw= Vxssolhuv dv Ghew Froohfwruv dqg
Lqvxudqfh Surylghuv�/ OVH0IPJ glvfxvvlrq sdshu1

Gdv0Jxswd/ D1 Uhsruwv rq Lqirupdo Fuhglw Pdunhwv lq Lqgld= Vxppdu|1
Qhz Ghokl= Qdwlrqdo Lqvwlwxwh ri Sxeolf Ilqdqfh dqg Srolf|/ 4<;<1

Gdvjxswd/ S1 +4<<6,/ Dq Lqtxlu| lqwr Zhoo0Ehlqj dqg Ghvwlwxwlrq/ R{irug=
R{irug Xqlyhuvlw| Suhvv1

Gdvjxswd/ S1 +4<<:, �Sryhuw| Wudsv/� lqDgydqfhv lq Hfrqrplfv dqg Hfrqr0
phwulfv= Wkhru| dqg dssolfdwlrqv1 Vhyhqwk Zruog Frqjuhvv1 Yroxph
51 Nuhsv/ G1 dqg N1 Zdoolv +hgv1,/ Hfrqrphwulf Vrflhw| Prqrjudskv/
Qr1 5:1 Fdpeulgjh> Qhz \run dqg Phoerxuqh= Fdpeulgjh Xqlyhuvlw|
Suhvv/ ss 447048<1

Gdvjxswd/ S1 dqg G1 Ud| +4<;9,/ �Lqhtxdolw| dv d Ghwhuplqdqw ri Pdoqx0
wulwlrq dqg Xqhpsor|phqw= Wkhru|�/ Hfrqrplf Mrxuqdo/ Yro1 <9/ ss
4344043671

Ghdwrq/ Dqjxv +4<;<,/ �Vdylqj lq Ghyhorslqj Frxqwulhv= Wkhru| dqg Uh0
ylhz�/ lq Surfhhglqjv ri wkh Zruog Edqn Dqqxdo Frqihuhqfh rq Gh0
yhorsphqw Hfrqrplfv 4<;<1 Ilvfkhu/ V1 dqg G1 gh Wud| +hgv1,/ Zdvk0
lqjwrq/ G1F1= Zruog Edqn/ ss 940<91

Gldprqg/ Grxjodv +4<;<, �Uhsxwdwlrq Dftxlvlwlrq lq Ghew Pdunhwv� Mrxu0
qdo ri Srolwlfdo Hfrqrp|/ Yro1 <:+7,/ ss1 ;5;0951

Gx r/ Hvwkhu +5333,/ �Judqgprwkhuv dqg Judqggdxjkwhuv= Rog Djh Shq0
vlrq dqg Lqwud0Krxvhkrog Doorfdwlrq lq Vrxwk Diulfd/� QEHUZrunlqj
Sdshu &;3941

Gx r/ Hvwkhu +5334,/ �Vfkrrolqj dqg Oderu pdunhw Frqvhtxhqfhv ri Vfkrro
Frqvwuxfwlrq lq Lqgrqhvld= Hylghqfh iurp dq Xqxvxdo Srolf| H{shul0
phqw�/ Dphulfdq Hfrqrplf Uhylhz/ <4+7,/ :<80;461

Gxuodxi/ Vwhyhq1 +4<<9,/ �D Wkhru| ri Shuvlvwhqw Lqfrph Lqhtxdolw|/� Mrxu0
qdo ri Hfrqrplf Jurzwk/ Yro1 4 +4,/ ss1 :80<61
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Hydqv/ G1 dqg E1 Mrydqrylf +4<;<,/ �Dq Hvwlpdwhg Prgho ri Hqwuhsuhqhxu0
ldo Fkrlfh xqghu Oltxlglw| Frqvwudlqwv/� Mrxuqdo ri Srolwlfdo Hfrqrp|/
Yro1 <: +7,/ ss ;3;05:1

Idifkdpsv/ Pdufho +5333,/ �Hwkqlflw| dqg Fuhglw lq Diulfdq Pdqxidfwxu0
lqj/� Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ Yro1 94/ ss1 53805681

Id}}dul/ V1/ J1 Kxeedug dqg E1 Shwhuvhq +4<;;,/ �Ilqdqflqj Frqvwudlqwv
dqg Frusrudwh Lqyhvwphqw/� Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|/
Yro1 3 +4,/ ss 47404<81

Id}}dul/ V1 dqg E1 Shwhuvhq +4<<6,/ �Zrunlqj Fdslwdo dqg Il{hg Lqyhvw0
phqw= Qhz Hylghqfh rq Ilqdqfldo Frqvwudlqwv/� Udqg Mrxuqdo ri Hfr0
qrplfv/ Yro1 57 +6,/ ss 65;06751

Jdoru/ R1 dqg M1 ]hlud +4<<6,/ �Lqfrph Glvwulexwlrq dqg Pdfurhfrqrplfv�/
Uhylhz ri Hfrqrplf Vwxglhv/ Yro1 93 +4,/ ss 680851

Jkdwdn/ Pdlwuhhvk +5333,/ �Vfuhhqlqj e| wkh Frpsdq| \rx Nhhs= Mrlqw
Oldelolw| Ohqglqj dqg wkh Shhu Vhohfwlrq H�hfw/� Hfrqrplf Mrxuqdo/
Yro1 443 +798,/ ss1 9340641

Jkdwdn/ Vxeudwd1 Uxudo Prqh| Pdunhwv lq Lqgld1 Ghokl/ Lqgld= PdfPloodq
Frpsdq| ri Lqgld/ 4<:91

Jkdwdn/ P1/ P1 Pruhool dqg W1 Vmrvwurp +5333,/ �G|qdplf Lqfhqwlyhv Rf0
fxsdwlrqdo Prelolw|/ dqg wkh Dphulfdq Guhdp�/ plphr1

Jkdwh/ Sudekx1 Lqirupdo Ilqdqfh= Vrph Ilqglqjv iurp Dvld1 R{irug>
Qhz \run> Wrurqwr dqg Krqj Nrqj= R{irug Xqlyhuvlw| Suhvv iru wkh
Dvldq Ghyhorsphqw Edqn/ 4<<51

Jloo/ D1 dqg X1 F1 Vlqjk +4<<:,/ �Ilqdqfldo Vhfwru Uhirupv/ Udwh ri Lqwhu0
hvw dqg wkh Uxudo Fuhglw Pdunhwv= Wkh Uroh ri Lqirupdo Ohqghuv lq
Sxqmde/� Lqgldq Mrxuqdo ri Dssolhg Hfrqrplfv/ Yro1 9 +7,/ ss1 6:0981

Juhhqzrrg/ M1 dqg E1 Mrydqrylf +4<<3,/ �Ilqdqfldo Ghyhorsphqw/ Jurzwk/
dqg wkh Glvwulexwlrq ri Lqfrph�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ Yro1
<; +8,/ ss 43:90443:1

Juhli/ D1 +4<<7,/ �Fxowxudo Eholhiv dqg wkh Rujdql}dwlrq ri Vrflhw|= D
klvwrulfdo dqg wkhruhwlfdo uh hfwlrq rq froohfwlylvw dqg lqglylgxdolvw
vrflhwlhv/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ Yro1 435+8,/ ss <450<831
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Juhli/ D1 +4<<:, �Plfurwkhru| dqg Uhfhqw Ghyhorsphqwv lq wkh Vwxg|
ri Hfrqrplf Lqvwlwxwlrqv wkurxjk Hfrqrplf Klvwru|/� lq Dgydqfhv
lq Hfrqrplfv dqg Hfrqrphwulfv= Wkhru| dqg dssolfdwlrqv1 Vhyhqwk
Zruog Frqjuhvv1 Yroxph 51 Nuhsv/ G1 dqg N1 Zdoolv +hgv1,/ Hfrqr0
phwulf Vrflhw| Prqrjudskv/ Qr1 5:1 Fdpeulgjh> Qhz \run dqg Pho0
erxuqh= Fdpeulgjh Xqlyhuvlw| Suhvv/ ss :<04461

Kduw/ R1 dqg M1 Prruh +4<<7,/ �D Wkhru| ri Ghew Edvhg rq wkh Lqdolhq0
delolw| ri Kxpdq Fdslwdo/� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Yro1 43<
+7,/ ss1 ;740:<1

Kropvwurp/ E1 dqg M1 Wluroh +4<<9,/ �Prgholqj Djjuhjdwh Oltxlglw|/� Dphu0
lfdq Hfrqrplf Uhylhz/ Yro1 ;9 +5,/ ss1 4;:0<41

Luidq/ P1/ hw do1 Wkh vwuxfwxuh ri lqirupdo fuhglw pdunhw lq Sdnlvwdq1 Uh0
vhdufk Uhsruw/ qr1 49;1 Lvodpdedg= Sdnlvwdq Lqvwlwxwh ri Ghyhorsphqw
Hfrqrplfv/ 4<<<1

Md�hh/ G1 ) W1 Uxvvhoo +4<:9,/ �Lpshuihfw Lqirupdwlrq/ Xqfhuwdlqw|/ dqg
Fuhglw Udwlrqlqj/� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Yro1 <3 +7,/ ss1
9840991

Mhrqj/ K1 dqg U1 Wrzqvhqg +5333,/ �Dq Hydoxdwlrq ri Prghov ri Jurzwk
dqg Lqhtxdolw|�/ plphr/ Xqlyhuvlw| ri Fklfdjr1

Mrkqvrq/ G1 J1 +4<83,/ �Uhvrxufh doorfdwlrq xqghu vkduh frqwudfwv/ � Mrxu0
qdo ri Srolwlfdo Hfrqrp|/ Yro1 8; +5,/ ss 4440456 1

Ndqexu/ V1 +4<:<,/ �Ri Ulvn Wdnlqj dqg wkh Shuvrqdo Glvwulexwlrq ri Lq0
frph�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ Yro1 ;:/ ss :9<0:<:1

Nlkovwurp/ U1 dqg M1 Od�rqw +4<:<,/ �D Jhqhudo Htxloleulxp Hqwuhsuh0
qhxuldo Wkhru| ri Ilup Irupdwlrq Edvhg rq Ulvn Dyhuvlrq�/ Mrxuqdo
ri Srolwlfdo Hfrqrp|/ Yro1 ;:/ ss :4<07;1

Nl|rwdnl/ Q1 dqg M1 Prruh +4<<:,/ �Fuhglw F|fohv/� Mrxuqdo ri Srolwlfdo
Hfrqrp|/ Yro1 438 +5,/ ss1 544057;1

Nuhphu/ P1 +4<<6,/ �Wkh R0Ulqj Wkhru| ri Hfrqrplf Ghyhorsphqw�/ Txdu0
whuo| Mrxuqdo ri Hfrqrplfv/ Yro1 43; +6,/ ss 88408:81

Nuxhjhu/ D1/ +4<:7,/ �Wkh Srolwxfdo Hfrqrp| ri wkh Uhqw0vhhnlqj Vrflhw|�/
Dphulfdq Hfrqrplf Uhylhz/ Yro1 97 +6,/ ss1 5<406361
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Ohjurv/ S1 dqg D1 Qhzpdq +4<<9,/ �Zhdowk H�hfwv/ Glvwulexwlrq/ dqg wkh
Wkhru| ri Rujdql}dwlrq�/ Mrxuqdo ri Hfrqrplf Wkhru|/ Yro1 :3 +5,/
ss 6450741

Ohkqhuw/ D1 +4<<;,/ �Dvvhw Srrolqj/ Fuhglw Udwlrqlqj/ dqg Jurzwk/� Il0
qdqfh dqg Hfrqrplf Glvfxvvlrq Sdshu 4<<;085/ Erdug ri Jryhuqruv ri
wkh Ihghudo Uhvhuyh V|vwhp1

Ohkqhuw/ D1/ H1 Oljrq dqg U1 Wrzqvhqg +4<<<,/ �Oltxlglw| Frqvwudlqwv dqg
Lqfhqwlyh Frqwudfwv/� Pdfurhfrqrplf G|qdplfv/ Yro1 6 +4,/ ss1 407:1

Ohzlv/ Z1D1 +4<87,/ �Hfrqrplf Ghyhorsphqw zlwk Xqolplwhg Vxssolhv ri
Oderu/� Wkh Pdqfkhvwhu Vfkrro/ Yro1 55/ ss1 46<04<41

Oor|g0Hoolv/ K1 dqg G1 Ehuqkdugw +5333,/ �Hqwhusulvh/ Lqhtxdolw| dqg Hfr0
qrplf Ghyhorsphqw�/ Wkh Uhylhz ri Hfrqrplf Vwxglhv/ Yro1 9: +4,/
ss 47:09;1

Orxu|/ J1 +4<;4,/ �Lqwhujhqhudwlrqdo Wudqvihuv dqg wkh Glvwulexwlrq ri
Hduqlqjv/� Hfrqrphwulfd/ Yro1 7< +7,/ ss1 ;7609:1

Pdwvx|dpd/ N1 +5333,/ �Hqgrjhqrxv Lqhtxdolw|/� Uhylhz ri Hfrqrplf
Vwxglhv/ Yro1 9: +7,/ ss1 :7608<1

PfPloodq/ M1 dqg F1 Zrrgux� +4<<<,/ �Lqwhu�up Uhodwlrqvklsv dqg Lqiru0
pdo Fuhglw lq Ylhwqdp/� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Yro1 447
+7,/ ss1 45;8046531

Prdy/ Rphu +4<<<,/ �Lqfrph Glvwulexwlrq dqg Pdfurhfrqrplfv= Frqyh{
Whfkqrorj| dqg wkh Uroh ri Lqwhujhqhudwlrqdo Wudqvihuv/� plphr/ Kh0
euhz Xqlyhuvlw|1

Prrnkhumhh/ G1 dqg G1 Ud| +5333,/ �Shuvlvwhqw Lqhtxdolw|�/ plphr/ Ervwrq
Xqlyhuvlw|1

Prugxfk/ M1 +4<<8,/ �Lqfrph Vprrwklqj dqg Frqvxpswlrq Vprrwklqj�
Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ Yro1 < +6,/ ss 4360471

Pxqvkl/ Ndlydq +5333,/ �Vrfldo Ohduqlqj lq d Khwhurjhqhrxv Srsxodwlrq=
Whfkqrorj| Gl�xvlrq lq wkh Lqgldq Juhhq Uhyroxwlrq/� plphr/ Xql0
yhuvlw| ri Shqqv|oydqld1

Pxusk|/ N1/ D1 Vkohlihu dqg U1 Ylvkq| +4<;<,/ �Lqgxvwuldol}dwlrq dqg wkh
Elj Sxvk/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ Yro1 <: +8,/ ss 43360591
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Pxuvklg/ N1 +4<<5,/ �Lqirupdo Fuhglw Pdunhwv lq Edqjodghvk Djulfxowxuh=
Edqh ru ErrqB� lq Vxvwdlqdeoh Djulfxowxudo Ghyhorsphqw= Wkh uroh ri
lqwhuqdwlrqdo frrshudwlrq= Surfhhglqjv ri wkh 54vw Lqwhuqdwlrqdo Frq0
ihuhqfh ri Djulfxowxudo Hfrqrplvwv/ khog dw Wrn|r/ Mdsdq/ 5505< Dxjxvw
4<<41 Doghuvkrw/ X1N1= Gduwprxwk> Eurrn�hog/ Yw= Dvkjdwh1

Qhzpdq/ D1 +4<<8,/ �Ulvn0Ehdulqj dqg cNqljkwldq* Hqwuhsuhqhxuvkls�/
plphr/ Froxpeld Xqlyhuvlw|1

Qxuvnh/ U1 +4<86,/ Sureohpv ri Fdslwdo Irupdwlrq lq Xqghughyhorshg Frxq0
wulhv1 Qhz \run= R{irug Xqlyhuvlw| Suhvv1

Sdxovrq/ D1 dqg U1 Wrzqvhqg +5333,/ �Hqwuhsuhqhxuvkls dqg Oltxlglw|
Frqvwudlqwv lq Uxudo Wkdlodqg�/ plphr1

Slnhww|/ W1 +4<<:,/ �Wkh G|qdplfv ri wkh Zhdowk Glvwulexwlrq dqg wkh Lq0
whuhvw Udwh zlwk Fuhglw Udwlrqlqj�/ Wkh Uhylhz ri Hfrqrplf Vwxglhv/
Yro1 97 +5,/ ss 4:60;<1

Svdfkdusrxorv/ J1 +4<<7,/ �Uhwxuqv wr Lqyhvwphqw lq Hgxfdwlrq= D Joredo
Xsgdwh�/ Zruog Ghyhorsphqw/ Yro1 55+<,/ ss4658046761

Suhvfrww/ H1 dqg U1 Wrzqvhqg +5333,/ �Lqhtxdolw|/ Ulvn Vkdulqj/ dqg wkh
Erxqgdulhv ri Froohfwlyh Rujdql}dwlrqv/� plphr1

Urvhqvwhlq0Urgdq/ S1 +4<76,/ �Sureohpv ri Lqgxvwuldol}dwlrq ri Hdvwhuq dqg
Vrxwk0hdvwhuq Hxursh/� Hfrqrplf Mrxuqdo/ Yro1 86/ ss 53505441

Uxwkhuirug/ V1 +4<<<,/ �Wkh Srru dqg Wkhlu Prqh|= Dq hvvd| derxw �qdq0
fldo vhuylfhv iru srru shrsoh�/ plphr1

Vfkxow}/ W1 +4<97,/ Wudqviruplqj Wudglwlrqdo Djulfxowxuh1 QhzKdyhq= \doh
Xqlyhuvlw| Suhvv1

Vulqlydvdq/ W1 Q1 +4<<7,/ �Ghvwlwxwlrq= D Glvfrxuvh/� Mrxuqdo ri Hfrqrplf
Olwhudwxuh/ Yro1 65 +7,/ ss1 4;750881

Vwljolw}/ M1 +4<:7,/ �Lqfhqwlyhv dqg Ulvn Vkdulqj lq Vkduhfursslqj/� Wkh
Uhylhz ri Hfrqrplf Vwxglhv/ Yro1 74 +5,/ ss 54<0881

Vwljolw}/ M1 +4<<3,/ �Shhu Prqlwrulqj dqg Fuhglw Pdunhwv/� Zruog Edqn
Hfrqrplf Uhylhz/ Yro1 7 +6,/ ss 6840991
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Vwljolw}/ M1 dqg D1 Zhlvv +4<;4,/ �Fuhglw Udwlrqlqj lq Pdunhwv zlwk Lp0
shuihfw Lqirupdwlrq/� Dphulfdq Hfrqrplf Uhylhz/ Yro1 :4 +6,/ ss
6<607431

Vwudxvv/ Mrkq +4<;9,/ �Grhv Ehwwhu Qxwulwlrq Udlvh Idup Surgxfwlylw|�/
Mrxuqdo ri Srolwlfdo Hfrqrp|/ Yro1 <7+5,/ ss1 5<:06531

Vwudxvv/ Mrkq dqg Gxqfdq Wkrpdv +4<<6, �Kxpdq Uhvrxufhv= Hpslulfdo
Prgholqj ri Krxvhkrog dqg Idplo| Ghflvlrqv�/ lq Kdqgerrn ri Ghyho0
rsphqw Hfrqrplfv/ +hg, W1Q1 Vulqlydvdq dqg Mhuh Ehkupdq/ Qruwk0
Kroodqg Hovhylhu1

Vzdplqdwkdq/ Pdgkxud +4<<4,/ �Vhjphqwdwlrq/ Froodwhudo Xqghuydoxdwlrq/
dqg wkh Udwh ri Lqwhuhvw lq Djuduldq Fuhglw Pdunhwv= Vrph Hylghqfh
iurp Wzr Yloodjhv lq Vrxwk Lqgld/� Fdpeulgjh Mrxuqdo ri Hfrqrplfv/
Yro1 48/ ss1 49404:;1

Wlpehuj/ Wkrpdv dqg F1Y1 Dl|du +4<;7,/ �Lqirupdo Fuhglw Pdunhwv lq
Lqgld�/ Hfrqrplf Ghyhorsphqw dqg Fxowxudo Fkdqjh/ Yro1 66 +4,/ ss
7608<1

Wluroh/ Mhdq +4<<9,/ �D Wkhru| ri Froohfwlyh Uhsxwdwlrqv +zlwk Dssolfd0
wlrqv wr wkh Shuvlvwhqfh ri Fruuxswlrq dqg wr Ilup Txdolw|,/� Uhylhz
ri Hfrqrplf Vwxglhv/ Yro1 96 +4,/ ss1 40551

Wrzqvhqg/ U1 +4<<8,/ �Ilqdqfldo V|vwhpv lq Qruwkhuq Wkdl Yloodjhv�/ Wkh
Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Yro1 443 +7,/ ss 43440791

Xgu|/ Fkulvwrskhu +4<<7,1 �Ulvn dqg Lqvxudqfh lq d Uxudo Fuhglw Pdunhw=
Dq Hpslulfdo Lqyhvwljdwlrq lq Qruwkhuq Qljhuld/� Uhylhz ri Hfrqrplf
Vwxglhv/ Yro1 94+6,/ ss 7<808591

Zdonhu/ W1 dqg M1 U|dq +4<<3,/ Yloodjh dqg Krxvhkrog Hfrqrplhv lq Lqgld*v
Vhpl0dulg Wurslfv/ Edowlpruh dqg Orqgrq= Mrkqv Krsnlqv Xqlyhuvlw|
Suhvv1

Zhoov/ Urelq +4<<<,/ �Lqirupdwlrq/ Dxwkrulw| dqg Lqwhuqdo Jryhuqdqfh ri
wkh Ilup/� plphr/ Sulqfhwrq1
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