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Iruwkfrplqj Mrxuqdo ri Hfrqrplf Shuvshfwlyhv +Dxjxvw 5334,W

�Ot|iBW|� Oderudwru| dqg �hog vwxglhv ri wlph suhihuhqfh �qg wkdw glvfrxqw udwhv

duh pxfk juhdwhu lq wkh vkruw0uxq wkdq lq wkh orqj0uxq1 K|shuerolf glvfrxqw ixqfwlrqv fdswxuh

wklv surshuw|1 Wklv sdshu suhvhqwv vlpxodwlrqv ri wkh vdylqjv dqg dvvhw doorfdwlrq fkrlfhv ri

krxvhkrogv zlwk k|shuerolf suhihuhqfhv1 Wkh ehkdylru ri wkh k|shuerolf krxvhkrogv lv frp0

sduhg wr wkh ehkdylru ri h{srqhqwldo krxvhkrogv1 Wkh k|shuerolf krxvhkrogv krog uhodwlyho|

pruh looltxlg zhdowk dqg uhodwlyho| ohvv oltxlg zhdowk1 Wkh k|shuerolf krxvhkrogv eruurz pxfk

pruh iuhtxhqwo| lq wkh uhyroylqj fuhglw pdunhw1 Wkh k|shuerolf krxvhkrogv h{klelw juhdwhu

frqvxpswlrq0lqfrph frpryhphqw dqg h{shulhqfh d juhdwhu gurs lq frqvxpswlrq durxqg uhwluh0

phqw1 Wkh k|shuerolf vlpxodwlrqv pdwfk revhuyhg frqvxpswlrq dqg edodqfh vkhhw gdwd pxfk

ehwwhu wkdq wkh h{srqhqwldo vlpxodwlrqv1

MHO fodvvl�fdwlrq= G<4 +Lqwhuwhpsrudo Frqvxphu Fkrlfh> Olihf|foh Prghov dqg Vdylqj,/ H54

+Frqvxpswlrq> Vdylqj,

WJhrujh0Pdulrv Dqjhohwrv lv Dvvlvwdqw Surihvvru ri Hfrqrplfv/ Pdvvdfkxvhwwv Lqvwlwxwh ri Whfkqrorj|/
Fdpeulgjh/ Pdvvdfkxvhwwv1 Gdylg Odlevrq lv Sdxo Vdfn Dvvrfldwh Surihvvru ri Srolwlfdo Hfrqrp|/ Kduydug
Xqlyhuvlw|/ Fdpeulgjh/ Pdvvdfkxvhwwv1 Dqguhd Uhshwwr lv Dvvlvwdqw Surihvvru ri Lqgxvwuldo Hqjlqhhulqj
Xqlyhuvlw| ri Fkloh/ Vdqwldjr/ Fkloh1 Mhuhp| Wredfpdq lv d judgxdwh vwxghqw lq hfrqrplfv/ Kduydug
Xqlyhuvlw|/ Fdpeulgjh/ Pdvvdfkxvhwwv1 Vwhskhq Zhlqehuj lv d judgxdwh vwxghqw lq hfrqrplfv/ Kduydug
Xqlyhuvlw|/ Fdpeulgjh/ Pdvvdfkxvhwwv1 Zh uhfhlyhg khosixo dgylfh iurp Gdylg Dowlj/ Rud}lr Dwwdqdvlr/ Fkulv
Fduuroo/ Fkulvwrskhu Kduulv/ Juhj Pdqnlz/ Mrqdwkdq Sdunhu dqg vhplqdu dxglhqfhv dw Kduydug Xqlyhuvlw|/
Xqlyhuvlw| ri Fdoliruqld Vdq Glhjr/ Xqlyhuvlw| ri Fklfdjr/ dqg wkh Qdwlrqdo Exuhdx Hfrqrplf Uhvhdufk1
Zh duh sduwlfxoduo| judwhixo iru wkh wkrxjkwixo dqg ghwdlohg hglwruldo jxlgdqfh ri Eudg Gh Orqj/ Wlprwk|
Wd|oru/ dqg Plfkdho Zdogpdq1 Hgglh Qlnroryd/ dqg Odxud Vhuedq surylghg h{fhoohqw uhvhdufk dvvlvwdqfh1
Odlevrq dfnqrzohgjhv �qdqfldo vxssruw iurp wkh Qdwlrqdo Vflhqfh Irxqgdwlrq +VEU0<843<;8,/ wkh Qdwlrqdo
Lqvwlwxwh rq Djlqj +U340DJ049938,/ wkh PdfDuwkxu Irxqgdwlrq dqg wkh Rolq Irxqgdwlrq> dqg Uhshwwr/
iurp GLG0Xqlyhuvlgdg gh Fkloh/ IRQGHF\W +4<<3337,/ Ixqgdfl�rq Dqghv dqg dq lqvwlwxwlrqdo judqw wr
FHD iurp wkh Khzohww Irxqgdwlrq1
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Rxu suhihuhqfhv iru wkh orqj0uxq whqg wr frq�lfw zlwk rxu vkruw0uxq ehkdylru1 Zkhq sodqqlqj

iru wkh orqj0uxq/ zh lqwhqg wr phhw rxu ghdgolqhv/ h{huflvh uhjxoduo|/ dqg hdw khdowkixoo|1 Exw

lq wkh vkruw0uxq zh kdyh olwwoh lqwhuhvw lq uhylvlqj pdqxvfulswv/ mrjjlqj rq wkh vwdlupdvwhu/ dqg

vnlsslqj wkh fkrfrodwh vrx��h �d od prgh1 Ghod| ri judwl�fdwlrq lv d qlfh orqj0whup jrdo/ exw lqvwdqw

judwl�fdwlrq lv glvfrqfhuwlqjo| whpswlqj1

Wklv jds ehwzhhq orqj0uxq lqwhqwlrqv dqg vkruw0uxq dfwlrqv lv dssduhqw dfurvv d zlgh udqjh

ri ehkdylruv/ lqfoxglqj vdylqj fkrlfhv1 D 4<<: vxuyh| irxqg wkdw wkuhh txduwhuv ri uhvsrqghqwv

+:9 shufhqw, eholhyh wkh| vkrxog eh vdylqj pruh iru uhwluhphqw1 Orrnlqj rqo| dw uhvsrqghqwv

zkr eholhyhg wkh| zhuh dw dq djh zkhuh _|rx vkrxog eh vhulrxvo| vdylqj douhdg|/% wkh vxuyh|

irxqg wkdw 88 shufhqw uhsruwhg ehlqj _Ehklqg% lq wkhlu vdylqjv dqg rqo| 9 shufhqw uhsruwhg ehlqj

_Dkhdg% +Idundv dqg Mrkqvrq/ 4<<:,1 Wkh uhsruw rq wkh vxuyh| frqfoxghg= _^W`kh jdsv ehwzhhq

shrsoh*v dwwlwxghv/ lqwhqwlrqv/ dqg ehkdylru duh wurxeolqj dqg wkuhdwhq lqfuhdvhg lqvhfxulw| dqg

glvvdwlvidfwlrq iru shrsoh zkhq wkh| uhwluh1 Dphulfdqv duh vlpso| qrw grlqj zkdw orjlf � dqg wkhlu

rzq uhdvrqlqj � vxjjhvwv wkh| vkrxog eh grlqj1%

D 4<<6 Oxqw} Zheehu2Phuuloo O|qfk vxuyh| irxqg vlplodu dqvzhuv zkhq ede| errphuv zhuh

dvnhg _Zkdw shufhqwdjh ri |rxu dqqxdo krxvhkrog lqfrph gr |rx wklqn |rx vkrxog vdyh iru uh0

wluhphqwB% dqg _Zkdw shufhqwdjh ri |rxu dqqxdo krxvhkrog lqfrph duh |rx qrz vdylqj iru uh0

wluhphqwB% Wkh phgldq uhsruwhg vkruwidoo zdv 43 shufhqw ri lqfrph dqg wkh phdq jds zdv 4414

shufhqw +Ehuqkhlp/ 4<<8,1

Vxfk vxuyh| hylghqfh uhvrqdwhv zlwk srsxodu dqg surihvvlrqdo �qdqfldo sodqqlqj dgylfh1 Ilqdq0

fldo sodqqhuv vhhp wr uhfrjql}h vhoi0frqwuro olplwv zkhq wkh| dgylvh frqvxphuv wr _xvh zkdwhyhu

phdqv srvvleoh wr uhpryh d vhw dprxqw ri prqh| iurp |rxu edqn dffrxqw hdfk prqwk ehiruh |rx

kdyh d fkdqfh wr vshqg lw% +Udqnlq/ 4<<6,1

Wkhvh revhuydwlrqv vxjjhvw wkdw krxvhkrogv kdyh vhoi0frqwuro sureohpv/ exw wklv frqfoxvlrq lv

whpshuhg e| grxewv derxw wkh txdolw| ri wkh hylghqfh1 Prvw ri wkh gdwd ghvfulehg deryh lv hlwkhu
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dqhfgrwdo ru edvhg rq dwwlwxglqdo vxuyh| txhvwlrqv1 E| frqwudvw/ doprvw doo pdlqvwuhdp hfrqrplf

dqdo|vlv irfxvhv rq frqvxphu ehkdylru/ qrw frqvxphu dwwlwxghv derxw dpeljxrxv frqfhswv olnh zkdw

shrsoh eholhyh wkh| vkrxog eh grlqj1

Lq wklv sdshu/ zh uhsruw qhz ehkdylrudo hylghqfh wkdw vhoi0frqwuro sureohpv lpsruwdqwo| lq�x0

hqfh vdylqjv fkrlfhv +vhh dovr Wkdohu dqg Vkhiulq/ 4<;4/ dqg Wkdohu/ 4<<5,1 Zh dgrsw d frqfhswxdo

iudphzrun wkdw lqwhjudwhv d vwdqgdug hfrqrplf wkhru| ri olih0f|foh sodqqlqj zlwk d sv|fkrorjlfdo

prgho ri vhoi0frqwuro1 Wklv lqwhjudwhg prgho surylghv d sduvlprqlrxv irupdo iudphzrun lq zklfk

wr hydoxdwh wkh txdqwlwdwlyh h�hfwv ri vhoi0frqwuro sureohpv1

Zh exlog rxu prghoolqj iudphzrun rq wkuhh sulqflsohv1 Iluvw/ rxu prgho dgrswv wkh vwdqgdug

dvvxpswlrqv ri prghuq frqvxpswlrq prghov/ lqfoxglqj wkh lghdv wkdw frqvxphuv kdyh xqfhuwdlq

ixwxuh oderu lqfrph dqg idfh oltxlglw| frqvwudlqwv lq wkh vhqvh wkdw wkh| kdyh olplwhg delolw| wr eru0

urz djdlqvw wklv ixwxuh oderu lqfrph +Fduuroo/ 4<<5/ 4<<:/ wklv lvvxh> Ghdwrq/ 4<<4> ]hoghv/ 4<;<e,1

Vhfrqg/ zh h{whqg wkh frqvxpswlrq olwhudwxuh e| doorzlqj rxu vlpxodwhg frqvxphuv wr eruurz rq

fuhglw fdugv dqg e| lqfoxglqj d sduwldoo| looltxlg dvvhw lq wkh frqvxphuv* phqx ri lqyhvwphqw rswlrqv1

Wklug/ zh dvvxph wkdw frqvxphuv kdyh erwk d vkruw0uxq suhihuhqfh iru lqvwdqwdqhrxv judwl�fdwlrq

dqg d orqj0uxq suhihuhqfh wr dfw sdwlhqwo|1 Wklv frpelqdwlrq ri wlph suhihuhqfhv lv xvxdoo| fdoohg

_k|shuerolf% glvfrxqwlqj +Dlqvolh/ 4<<5,/ vlqfh jhqhudol}hg k|shuerodv zhuh �uvw xvhg wr fdswxuh

vxfk lqwhuwhpsrudo suhihuhqfhv +Fkxqj dqg Khuuqvwhlq 4<94,1

K|shuerolf glvfrxqwlqj jhqhudwhv wkh vhoi0frqwuro sureohp wkdw prwlydwhv rxu dqdo|vlv1 Zkhq

wzr uhzdugv duh erwk idu dzd| lq wlph/ ghflvlrq0pdnhuv dfw uhodwlyho| sdwlhqwo|1 Iru h{dpsoh/ d

zrunhu suhihuv d wzhqw| plqxwh euhdn lq 434 gd|v/ udwkhu wkdq d �iwhhq plqxwh euhdn lq 433 gd|v1

Exw zkhq erwk uhzdugv duh eurxjkw iruzdug lq wlph/ suhihuhqfhv h{klelw d uhyhuvdo/ uh�hfwlqj pruh

lpsdwlhqfh> wkh vdph shuvrq suhihuv d �iwhhq plqxwh euhdn uljkw qrz/ udwkhu wkdq d wzhqw| plqxwh

euhdn wrpruurz1 Idu lq dgydqfh/ wkh frqvxphu suhihuv wr eh sdwlhqw ehwzhhq w dqg w. 4/ zdlwlqj

wkh h{wud gd| iru wkh h{wud �yh plqxwhv ri euhdn wlph1 Exw/ zkhq gdwh w dfwxdoo| duulyhv/ wkh

frqvxphu*v suhihuhqfhv kdyh vzlwfkhg/ dqg wkh frqvxphu qrz suhihuv wr dfw lpsdwlhqwo|/ wdnlqj wkh
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vkruwhu euhdn lpphgldwho|1

Wklv w|sh ri suhihuhqfh cfkdqjh*/ ru g|qdplf lqfrqvlvwhqf|/ lv uh�hfwhg lq pdq| frpprq h{sh0

ulhqfhv1 Vxfk uhyhuvdov vkrxog eh zhoo xqghuvwrrg e| hyhu|rqh zkr zlooixoo| vhwv wkh dodup forfn

wkh qljkw ehiruh/ rqo| wr uhshdwhgo| suhvv wkh vqrr}h exwwrq wkh pruqlqj diwhu � dqg hyhq ehwwhu

xqghuvwrrg e| dq|rqh zkr jrhv rxw ri wkhlu zd| wr sxw wkhlu dodup forfn rq wkh rwkhu vlgh ri wkh

urrp1 K|shuerolf frqvxphuv zloo uhsruw d jds ehwzhhq wkhlu orqj0uxq jrdov dqg wkhlu vkruw0uxq eh0

kdylru1 Wkh| zloo qrw dfklhyh wkhlu ghvluhg ohyho ri _wdujhw vdylqjv/% vlqfh vkruw0uxq suhihuhqfhv iru

lqvwdqwdqhrxv judwl�fdwlrq xqghuplqh wkh frqvxphuv* h�ruwv wr lpsohphqw sdwlhqw orqj0uxq sodqv1

Wkh k|shuerolf glvfrxqwlqj prgho jhqhudwhv qxphurxv hpslulfdo suhglfwlrqv wkdw glvwlqjxlvk wkh

prgho iurp wkh vwdqgdug prgho zlwk h{srqhqwldo glvfrxqwlqj1 Iluvw/ krxvhkrogv zlwk k|shuerolf

glvfrxqw ixqfwlrqv zloo krog wkhlu zhdowk lq dq looltxlg irup/ vlqfh vxfk looltxlg dvvhwv duh surwhfwhg

iurp frqvxpswlrq vsoxujhv1 Vhfrqg/ krxvhkrogv zlwk k|shuerolf glvfrxqw ixqfwlrqv duh yhu| olnho|

wr eruurz rq wkhlu fuhglw fdugv wr ixqg lqvwdqw judwl�fdwlrq1 Wkxv krxvhkrogv zlwk k|shuerolf

glvfrxqw ixqfwlrqv duh olnho| wr kdyh d kljk ohyho ri uhyroylqj ghew/ ghvslwh wkh kljk frvw ri fuhglw

fdug eruurzlqj1 Wklug/ vlqfh k|shuerolf krxvhkrogv kdyh olwwoh oltxlg zhdowk/ wkh| duh xqdeoh wr

vprrwk frqvxpswlrq/ jhqhudwlqj d kljk ohyho ri frpryhphqw ehwzhhq lqfrph dqg frqvxpswlrq1

Lqghhg/ k|shuerolf krxvhkrogv zloo hyhq h{klelw d kljk ohyho ri frpryhphqw ehwzhhq suhglfwdeoh

fkdqjhv lq lqfrph dqg fkdqjhv lq frqvxpswlrq1 Irxuwk/ wklv frpryhphqw ehwzhhq lqfrph dqg

frqvxpswlrq zloo vwdqg rxw durxqg uhwluhphqw/ zkhq oderu lqfrph idoov dqg wkh odfn ri oltxlg zhdowk

jhqhudwhv d qhfhvvdu| idoo lq frqvxpswlrq1

Wkhvh ulfk hpslulfdo suhglfwlrqv hqdeoh xv wr glvwlqjxlvk ehwzhhq wkh h{srqhqwldo glvfrxqwlqj

prgho dqg wkh k|shuerolf glvfrxqwlqj prgho1 Lq wklv sdshu zh fdoleudwh wkh h{srqhqwldo dqg

k|shuerolf prghov vr wkdw erwk prghov pdwfk dydlodeoh hylghqfh rq wkh ohyho ri uhwluhphqw vdylqjv1

Zh wkhq vkrz wkdw wkh k|shuerolf glvfrxqwlqj prgho ehwwhu pdwfkhv dydlodeoh frqvxpswlrq dqg

dvvhw doorfdwlrq gdwd iurp wkh Sdqho Vxuyh| rq Lqfrph G|qdplfv dqg wkh Vxuyh| ri Frqvxphu

Ilqdqfhv1
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Urehuw Vwurw} +4<89, �uvw vxjjhvwhg wkdw shrsoh duh pruh lpsdwlhqw zkhq wkh| pdnh vkruw0uxq

wudghr�v wkdq zkhq wkh| pdnh orqj0uxq wudghr�v1 Vlqfh wkhq gr}hqv ri irupdo h{shulphqwv kdyh

vkrzq wkdw ghflvlrq pdnhuv duh pruh lpsdwlhqw lq wkh vkruw0uxq wkdq lq wkh orqj0uxq1 Wlph

suhihuhqfh h{shulphqwv kdyh ehhq grqh zlwk d zlgh udqjh ri uhdo uhzdugv/ lqfoxglqj prqh|/ gxudeoh

jrrgv/ iuxlw mxlfh/ vzhhwv/ ylghr uhqwdov/ uholhi iurp qr{lrxv qrlvh/ dqg dffhvv wr ylghr jdphv1� Prvw

ri wkhvh h{shulphqwv holflw wkh ydoxhv ri uhzdugv dw gl�huhqw wlph krul}rqv1 Wkhq/ h{shulphqwhuv

ghgxfh wkh vkdsh ri wkh _glvfrxqw ixqfwlrq/% zklfk phdvxuhv wkh ydoxh ri xwlolw|/ dv shufhlyhg iurp

wkh suhvhqw/ dw hdfk ixwxuh wlph shulrg1

Iljxuh 4 sorwv h{dpsohv ri glvfrxqw ixqfwlrqv/ zklfk duh qrupdol}hg wr wdnh d ydoxh ri rqh dw

}hur ghod|1 Wkh krul}rqwdo d{lv uhsuhvhqwv wkh gxudwlrq ri ghod|/ � /dqg wkh yhuwlfdo d{lv uhsuhvhqwv

wkh ydoxh ri d xwlo ghod|hg e| � shulrgv1 Wkh grzqzdug vorsh ri wkh glvfrxqw ixqfwlrqv lpsolhv

wkdw ghod|lqj d uhzdug uhgxfhv lwv ydoxh1

Hfrqrplvwv xvxdoo| dvvxph wkdw glvfrxqw ixqfwlrqv duh h{srqhqwldo1 Vshfl�fdoo|/ d xwlo ghod|hg

� shulrgv lv zruwk �� dv pxfk dv d xwlo hqmr|hg lpphgldwho| +� @ 3, 1 W|slfdoo|/ hfrqrplvwv dvvxph

wkdw � lv ohvv wkdq rqh/ fdswxulqj wkh idfw wkdw ixwxuh xwlov duh zruwk ohvv wkdq fxuuhqw xwlov1 Lq

Iljxuh 4/ � lv vhw dw 31<77/ zklfk lv wkh dqqxdo glvfrxqw idfwru xvhg lq rxu h{srqhqwldo vlpxodwlrqv

ehorz1 Lq wklv h{srqhqwldo fdvh/ wkh glvfrxqw ixqfwlrq ghfolqhv dw d frqvwdqw udwh ryhu wlph � 819

shufhqw shu |hdu12

Krzhyhu/ wkh h{shulphqwdo hylghqfh lpsolhv wkdw wkh dfwxdo glvfrxqw ixqfwlrq ghfolqhv dw d

juhdwhu udwh lq wkh vkruw0uxq wkdq lq wkh orqj0uxq1 Lq rwkhu zrugv/ ghod|lqj d vkruw0uxq uhzdug e| d

ihz gd|v uhgxfhv wkh ydoxh ri wkh uhzdug pruh lq shufhqwdjh whupv wkdq ghod|lqj d orqj0uxq uhzdug

e| d ihz gd|v1 Zkhq uhvhdufkhuv hvwlpdwh wkh vkdsh ri wkh glvfrxqw ixqfwlrq edvhg rq fkrlfhv e|

�5ii 5L*?�U! i| @* �bHfc A�@*ih �bH�c �@�@h�U! �bH2c ��**@h @?_ �@�@h�U! �bHec k�?} @?_ wL}�i �bH.c k�hM) @?_
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h{shulphqwdo vxemhfwv/ wkh hvwlpdwhv duh ehwwhu dssur{lpdwhg e| jhqhudol}hg k|shuerolf ixqfwlrqv

wkdq e| h{srqhqwldo ixqfwlrqv1 Lq wkh ruljlqdo sv|fkrorj| olwhudwxuh/ uhvhdufkhuv xvhg k|shuerolf

glvfrxqw ixqfwlrqv olnh �
�
dqg �

�nk�
/ zlwk � A 3 +Fkxqj dqg Khuuqvwhlq 4<94/ Dlqvolh 4<<5,1 Wkh

prvw jhqhudo k|shuerolf glvfrxqw ixqfwlrq +Orhzhqvwhlq dqg Suhohf 4<<5, zhljkwv hyhqwv � shulrgv

dzd| zlwk idfwru �
E�nk���*k

> zlwk �> � A 3= Iljxuh 4 sorwv vxfk d jhqhudol}hg k|shuerolf glvfrxqw

ixqfwlrq1 Qrwh wkdw wkh jhqhudol}hg k|shuerolf glvfrxqw ixqfwlrq ghfolqhv dw d idvwhu udwh lq wkh

vkruw0uxq wkdq lq wkh orqj0uxq/ pdwfklqj wkh nh| ihdwxuh ri wkh h{shulphqwdo gdwd1

Wr fdswxuh wklv txdolwdwlyh surshuw|/ Odlevrq +4<<:d, dgrswhg d glvfuhwh0wlph glvfrxqw ixqfwlrq/

i4> ��> ��2> ���> = = = =j> zklfk Skhosv dqg Sroodn +4<9;, kdg suhylrxvo| xvhg wr prgho lqwhujhqhud0

wlrqdo wlph suhihuhqfhv1 Wklv _txdvl0k|shuerolf ixqfwlrq% uh�hfwv wkh vkdus vkruw0uxq gurs lq

ydoxdwlrq phdvxuhg lq wkh h{shulphqwdo wlph suhihuhqfh gdwd dqg kdv ehhq dgrswhg dv d uhvhdufk

wrro ehfdxvh ri lwv dqdo|wlfdo wudfwdelolw|1 Wkh txdvl0k|shuerolf glvfrxqw ixqfwlrq lv rqo| _k|shu0

erolf% lq wkh vhqvh wkdw lw fdswxuhv wkh nh| txdolwdwlyh surshuw| ri wkh k|shuerolf ixqfwlrqv= d idvwhu

udwh ri ghfolqh lq wkh vkruw0uxq wkdq lq wkh orqj0uxq1 Odlevrq +4<<:d, dgrswhg wkh skudvh _txdvl0

k|shuerolf% wr hpskdvl}h wkh frqqhfwlrq wr wkh _k|shuerolf glvfrxqwlqj% olwhudwxuh lq sv|fkrorj|

+Dlqvolh/ 4<<5,1 R*Grqrjkxh dqg Udelq +4<<<d, fdoo wkh i4> ��> ��2> ���> = = = =j suhihuhqfhv _suhvhqw

eldvhg1% Nuxvhoo dqg Vplwk +5333, fdoo wkhvh suhihuhqfhv _txdvl0jhrphwulf1% Dnhuori +4<<4, xvhg d

vlplodu glvfrxqw ixqfwlrq wr prgho wkh vdolhqfh ri wkh suhvhqw= i4> �> �> �> = = =j=

Iljxuh 4 sorwv wkh sduwlfxodu sdudphwhul}dwlrq ri wkh txdvl0k|shuerolf glvfrxqw ixqfwlrq xvhg lq

rxu vlpxodwlrqv/ � @ =: dqg � @ =<8:1 Xvlqj dqqxdo shulrgv/ wkhvh sdudphwhu ydoxhv urxjko| pdwfk

h{shulphqwdoo| phdvxuhg glvfrxqwlqj sdwwhuqv1 Ghod|lqj dq lpphgldwh uhzdug e| d |hdu uhgxfhv

wkh ydoxh ri wkdw uhzdug e| dssur{lpdwho| �
� � 4� ��= E| frqwudvw/ ghod|lqj d glvwdqw uhzdug e|

dq dgglwlrqdo |hdu uhgxfhv wkh ydoxh ri wkdw uhzdug e| d pxfk vpdoohu shufhqwdjh= 4� �1

Doo irupv ri k|shuerolf suhihuhqfhv lqgxfh g|qdplf lqfrqvlvwhqf|1� Frqvlghu wkh glvfuhwh0wlph

�#)?@4�U �?UL?t�t|i?U) hiuiht |L Thiuihi?Uit ���U� UL?|h@_�U| |�i _iU�t�L?�4@!ih<t L�? Thiuihi?Uit @| @ *@|ih
_@|i� 6Lh i @4T*ic �4@}�?i |�@| L? �L?_@) W Thiuih |L ^��| t4L!�?} L? A�it_@) M�| |�@| L? A�it_@) W U�@?}i 4)
4�?_ E��|� ?L ?i� �?uLh4@|�L?� @?_ ?L� Thiuih |L ^��| t4L!�?} L? ì_?it_@)� A��t @}i?| �L*_t Thiuihi?Uit |�@|
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txdvl0k|shuerolf ixqfwlrq1 Iurp wkh shuvshfwlyh ri wlph 3/ wkh ydoxh ri d xwlo dw wlph 44 uhodwlyh wr

wkh ydoxh dw wlph 43 lv qB��

qB�f
@ �= Krzhyhu/ iurp wkh shuvshfwlyh ri wlph 43/ wkh ydoxh ri d xwlo dw

wlph 44 +4 shulrg lq wkh ixwxuh, uhodwlyh wr wkh ydoxh dw wlph 43 +uljkw qrz, lv qB
� @ ��= Vlqfh � lv

forvh wr rqh/ wkh shulrg 3 shuvshfwlyh lpsolhv wkdw xwlov lq shulrgv 43 dqg 44 duh forvh lq ydoxh1 Vr

vhoi 3 zlvkhv wr eh sdwlhqw zkhq frqvlghulqj wudghr�v ehwzhhq shulrgv 43 dqg 441 Vlqfh � lv pxfk

ohvv wkdq 4/ wkh wlph 43 shuvshfwlyh lpsolhv wkdw d xwlo lq shulrg 43 lv zruwk d orw pruh wkdq d xwlo

lq shulrg 441 Vr vhoi 43 zlvkhv wr eh lpsdwlhqw ehwzhhq shulrgv 43 dqg 441

Wklv g|qdplf lqfrqvlvwhqf| irufhv wkh k|shuerolf frqvxphu wr judssoh zlwk lqwud0shuvrqdo

vwudwhjlf frq�lfw1 Hduo| vhoyhv zlvk wr irufh wkhlu suhihuhqfhv rq odwhu vhoyhv1 Odwhu vhoyhv gr wkhlu

ehvw wr pd{lpl}h wkhlu rzq lqwhuhvwv1 Hfrqrplvwv kdyh prghohg wklv vlwxdwlrq dv dq lqwud0shuvrqdo

jdph sod|hg dprqj wkh frqvxphu*v whpsrudoo| vlwxdwhg vhoyhv +Vwurw}/ 4<89,1 Uhfhqwo|/ k|shuerolf

glvfrxqw ixqfwlrqv kdyh ehhq xvhg wr h{sodlq d zlgh udqjh ri dqrpdorxv hfrqrplf fkrlfhv/ lqfoxglqj

surfudvwlqdwlrq/ frqwudfw ghvljq/ guxj dgglfwlrq/ vhoi0ghfhswlrq/ uhwluhphqw wlplqj/ dqg xqghuvdylqj

+h1j1/ Dnhuori 4<<4/ Eduur 4<<</ Ehqderx dqg Wluroh 5333/ Fduuloor dqg Pduulrwwl 5333/ Gldprqg

dqg Nrv}hjl 4<<;/ Odlevrq 4<<7/ 4<<9/ 4<<:d/ dqg R*Grqrjkxh dqg Udelq 4<<<d/ 4<<<e/ 5333,1

Zh irfxv khuh rq wkh lpsolfdwlrqv iru olih0f|foh vdylqjv ghflvlrqv1

Lq wkh dqdo|vlv wkdw iroorzv/ zh dqdo|}h wkh k|shuerolf prgho zlwk _vrsklvwlfdwhg% frqvxphuv1

Wkhvh frqvxphuv fruuhfwo| suhglfw wkdw odwhu vhoyhv zloo qrw krqru wkh suhihuhqfhv ri hduo| vhoyhv1

Wkxv/ wkh hduo| vhoyhv wdnh dfwlrqv wkdw vhhn wr frqvwudlq wkhlu ixwxuh vhoyhv1

Dq dsshdolqj dowhuqdwlyh lv wr dvvxph wkdw frqvxphuv pdnh fxuuhqw fkrlfhv xqghu wkh idovh eholhi

wkdw odwhu vhoyhv zloo dfw lq wkh lqwhuhvwv ri wkh fxuuhqw vhoi1 Vxfk _qdliv% kdyh rswlplvwlf iruhfdvwv

lq wkh vhqvh wkdw wkh| eholhyh wkdw ixwxuh vhoyhv zloo fduu| rxw wkh zlvkhv ri wkh fxuuhqw vhoi1 Xqghu

@hi _)?@4�U@**) �?UL?t�t|i?|� � _�t|�?U| !�?_ Lu _)?@4�U �?UL?t�t|i?U) tL4i|�4it @h�tit �? t|h@|i}�U �?|ih@U|�L?t
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wklv eholhi/ wkh fxuuhqw vhoi frqvwuxfwv wkh vhtxhqfh ri dfwlrqv wkdw pd{lpl}hv wkh suhihuhqfhv ri

wkh fxuuhqw vhoi1 Wkh fxuuhqw vhoi wkhq lpsohphqwv wkh �uvw dfwlrq lq wkdw vhtxhqfh/ h{shfwlqj

ixwxuh vhoyhv wr lpsohphqw wkh uhpdlqlqj dfwlrqv1 Ri frxuvh/ wkrvh ixwxuh vhoyhv frqgxfw wkhlu

rzq rswlpl}dwlrq dqg wkhuhiruh lpsohphqw dfwlrqv wkdw srwhqwldoo| gr qrw pd{lpl}h hduolhu vhoyhv*

suhihuhqfhv1 Wklv _qdli% dvvxpswlrq zdv �uvw sursrvhg e| Vwurw} +4<89, dqg kdv ehhq vwxglhg

e| Dnhuori +4<<4, dqg R*Grqrjkxh dqg Udelq +4<<<d/ 4<<<e/ 5333,/ zkr vkrz wkdw qdliv dqg

vrsklvwlfdwhv vrphwlphv ehkdyh lq udglfdoo| gl�huhqw zd|v1 Krzhyhu/ lq wkh sduwlfxodu hfrqrplf

vhwwlqj wkdw zh vlpxodwh/ wkh fkrlfhv ri qdliv dqg vrsklvwlfdwhv duh qhduo| lghqwlfdo/ vr zh irfxv rqo|

rq wkh vrsklvwlfdwhv1 Ghwdlov ri dqdorjrxv qdli vlpxodwlrqv duh dydlodeoh lq d orqjhu zrunlqj sdshu/

Dqjhohwrv hw do1 +5334,1


� � �Naj, Nu �NAt�6V|�NA ��ji |�j w�ujW+W,j

Zh dqdo|}h d vshfldo fdvh ri d prgho ri k|shuerolf glvfrxqwlqj ghyhorshg lq Odlevrq/ Uhshwwr dqg

Wredfpdq +5333,1 Wklv prgho lv edvhg rq wkh vlpxodwlrq olwhudwxuh slrqhhuhg e| Fduuroo +4<<5/

4<<:,/ Ghdwrq +4<<4,/ dqg ]hoghv +4<;<e, dqg h{whqghg e| Kxeedug/ Vnlqqhu/ dqg ]hoghv +4<<7/

4<<8,/ Hqjhq/ Jdoh/ dqg Vfkro} +4<<7,/ Jrxulqfkdv dqg Sdunhu +4<<<,/ dqg Odlevrq/ Uhshwwr dqg

Wredfpdq +4<<;,1 Wkh prgho ri Odlevrq/ Uhshwwr dqg Wredfpdq +5333, lqfrusrudwhv prvw ri

wkh ihdwxuhv ri suhylrxv olih0f|foh vlpxodwlrq prghov dqg dggv qhz ihdwxuhv/ lqfoxglqj fuhglw fdugv/

yduldwlrq lq krxvhkrog vl}h ryhu wlph/ dqg wkh delolw| wr lqyhvw lq looltxlg dvvhwv1 Zh vxppdul}h wkh

nh| ihdwxuhv ri wkh prgho ehorz dqg uhihu lqwhuhvwhg uhdghuv wr Odlevrq/ Uhshwwr dqg Wredfpdq

+5333, iru ghwdlov dqg iru h{whqvlrqv lqfoxglqj dq rswlrq wr ghfoduh edqnuxswf| dqg dq delolw| wr

eruurz djdlqvw looltxlg froodwhudo +iru h{dpsoh/ pruwjdjhv rq krxvlqj,1

Lq wkh vlpxodwlrqv suhvhqwhg khuh/ krxvhkrogv olyh iru d pd{lpxp ri <3 |hduv/ ehjlqqlqj hfr0

qrplf olih dw djh 53/ dqg uhwlulqj dw djh 961 Krxvhkrog frpsrvlwlrq � qxpehu ri dgxowv dqg

qrq0dgxowv � ydulhv ryhu wkh olih0f|foh1 Oderu lqfrph lv dxwrfruuhodwhg ryhu wlph/ exw fdq eh

d�hfwhg e| vwrfkdvwlf vkrfnv1 Wkh ohyho ri oderu lqfrph dqg wkh vl}h ri wkh vkrfnv duh fdoleudwhg
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wr pdwfk hpslulfdo gdwd1 Lq wkh fxuuhqw sdshu/ zh zloo irfxv rqo| rq krxvhkrogv zkrvh khdg kdv

rqo| d kljk vfkrro ghjuhh/ zklfk dffrxqwv iru urxjko| kdoi ri X1V1 krxvhkrogv1 Odlevrq/ Uhshwwr

dqg Wredfpdq +5333, dqdo|}h krxvhkrogv dfurvv wkuhh gl�huhqw ohyhov ri hgxfdwlrqdo dwwdlqphqw1

Krxvhkrogv lq rxu vlpxodwlrqv pd| krog erwk oltxlg dvvhwv dqg looltxlg dvvhwv/ dqg wkh| pd|

eruurz xs wr d fuhglw olplw htxdo wr 63 shufhqw ri dyhudjh oderu lqfrph iru wkhlu djh0jurxs1 Wkh

uhdo diwhu0wd{ lqwhuhvw udwh uhfhlyhg iurp oltxlg dvvhwv lv 61:8 shufhqw1 Zh fkrvh wklv uhwxuq ehfdxvh

lw fruuhvsrqgv wr wkh uhwxuq uhdol}hg e| d krxvhkrog zlwk wzr0wklugv ri lwv dvvhwv lq vwrfnv dqg

rqh0wklug lq ulvn iuhh erqgv/ dvvxplqj dq dyhudjh wd{ udwh ri 58(1 Wkh uhdo lqwhuhvw udwh rq fuhglw0

fdug ordqv lv 441:8 shufhqw/ wzr shufhqwdjh srlqwv ehorz wkh phdq ghew0zhljkwhg uhdo lqwhuhvw udwh

uhsruwhg e| wkh Ihghudo Uhvhuyh Erdug1 Wklv orz ydoxh lv fkrvhq wr lpsolflwo| fdswxuh wkh lpsdfw ri

edqnuxswf| dqg ghidxow/ zklfk orzhu frqvxphuv* h�hfwlyh lqwhuhvw sd|phqwv1 Wkh fuhglw olplw � 63

shufhqw ri lqfrph � lv fdoleudwhg iurp gdwd rq fuhglw olplwv lq wkh Vxuyh| ri Frqvxphu Ilqdqfhv1

Wkh looltxlg dvvhw/ zklfk fdq eh wkrxjkw ri dv krxvlqj/ jhqhudwhv dqqxdo frqvxpswlrq �rzv htxdo

wr 8 shufhqw ri wkh ydoxh ri wkh dvvhw1 Khqfh/ wkh uhwxuq rq looltxlg dvvhwv lv frqvlghudeo| kljkhu

wkdq wkh uhwxuq rq rwkhu dvvhwv1 Krzhyhu/ wkh looltxlg dvvhw fdq rqo| eh vrog zlwk d wudqvdfwlrq

frvw htxdo wr '43/333 dqg 43 shufhqw ri wkh ydoxh ri wkh dvvhw1

Wkhvh dvvhw pdunhw dvvxpswlrqv lpso| wkdw wkh krxvhkrog kdv dq lpsolflw fuxgh _frpplwphqw%

whfkqrorj|1 Ehfdxvh vdohv ri wkh looltxlg dvvhw jhqhudwh wudqvdfwlrq frvwv/ zhdowk lqyhvwhg lq wkh

looltxlg dvvhw lv sduwldoo| surwhfwhg iurp ixwxuh vsoxujhv1 Wklv wudqvdfwlrq frvw hqdeohv wkh frq0

vxphu wr frqvwudlq khuvhoi lpshuihfwo| e| lqyhvwlqj zhdowk lq wkh looltxlg dvvhw1 Kdg zh dvvxphg

wkdw shuihfw frpplwphqw whfkqrorjlhv h{lvwhg/ wkhq wkh vrsklvwlfdwhg frqvxphu zlwk d k|shuerolf

glvfrxqw ixqfwlrq zrxog ehkdyh pxfk olnh d frqvxphu zlwk dq h{srqhqwldo glvfrxqw ixqfwlrq1 Zlwk

d shuihfw frpplwphqw whfkqrorj| wkh vrsklvwlfdwhg k|shuerolf frqvxphu zrxog eh deoh wr frpplw

wr ixwxuh dfwlrqv wkdw pd{lpl}h wkh |rxqj vhoi*v suhihuhqfhv iru wkh ixwxuh/ zklfk duh h{srqhqwldo1

Zh dvvxph wkdw krxvhkrogv kdyh suhihuhqfhv wrzdug ulvn fkdudfwhul}hg e| d frh�flhqw ri uhod0
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wlyh ulvn dyhuvlrq ri wzr1e Krxvhkrogv kdyh hlwkhu dq h{srqhqwldo glvfrxqw ixqfwlrq +�|i TL?i?|�@*,

ru d txdvl0k|shuerolf glvfrxqw ixqfwlrq +��|�)TihML*�U,1 Iru wkh k|shuerolf fdvh/ zh �{ � @ =:>

fruuhvsrqglqj wr wkh rqh0|hdu glvfrxqw idfwru w|slfdoo| phdvxuhg lq oderudwru| h{shulphqwv1

Zh dvvxph wkdw wkh hfrqrp| lv hlwkhu srsxodwhg h{foxvlyho| e| h{srqhqwldo krxvhkrogv ru

h{foxvlyho| e| k|shuerolf krxvhkrogv1 Zh slfn �i TL?i?|�@* dqg ��)TihML*�U wr pdwfk hpslulfdo ohyhov

ri uhwluhphqw vdylqj1 Vshfl�fdoo|/ �i TL?i?|�@* lv slfnhg vr wkdw wkh h{srqhqwldo vlpxodwlrqv jhqhudwh

d phgldq zhdowk wr lqfrph udwlr ri 615/ iru lqglylgxdov ehwzhhq djhv 83 dqg 8<1 Wkh phgldq ri 615

lv fdoleudwhg iurp wkh Vxuyh| ri Frqvxphu Ilqdqfhv1D Wkh k|shuerolf glvfrxqw idfwru/ ��)TihML*�U>

lv dovr slfnhg wr pdwfk wkh hpslulfdo phgldq ri 6151

Wkh glvfrxqw idfwruv/ �i TL?i?|�@* dqg ��)TihML*�U> wkdw uhsolfdwh wkh VFI zhdowk wr lqfrph udwlr

duh 1<77 iru wkh h{srqhqwldo prgho dqg 1<8: iru wkh k|shuerolf prgho1 Vlqfh k|shuerolf frqvxphuv

kdyh wzr vrxufhv ri glvfrxqwlqj � � dqg � � wkh k|shuerolf �*v olh deryh wkh h{srqhqwldo �*v1

Uhfdoo wkdw wkh k|shuerolf dqg h{srqhqwldo glvfrxqw ixqfwlrqv duh fdoleudwhg wr jhqhudwh wkh vdph

dprxqw ri suh0uhwluhphqw zhdowk dffxpxodwlrq1 Lq wklv pdqqhu wkh fdoleudwlrqv _htxdol}h% wkh

xqghuo|lqj zloolqjqhvv wr vdyh ehwzhhq wkh h{srqhqwldo dqg k|shuerolf frqvxphuv1 Wkh fdoleudwhg

orqj0whup glvfrxqw idfwruv duh vhqvleoh zkhq frpsduhg wr glvfrxqw idfwruv wkdw kdyh ehhq xvhg

lq vlplodu h{huflvhv e| rwkhu dxwkruv1 Ilqdoo|/ qrwh wkdw wkhvh glvfrxqw idfwruv gr qrw lqfoxgh

djh0ghshqghqw pruwdolw| h�hfwv/ zklfk uhgxfh wkh uhvshfwlyh glvfrxqw idfwruv e| dq dgglwlrqdo rqh

shufhqw rq dyhudjh shu |hdu1 Wkh xqghuo|lqj txhvwlrq lv krz wklv jhqhudoo| vlplodu zloolqjqhvv wr

vdyh lv wudqvodwhg lqwr dfwxdo sdwwhuqv ri frqvxpswlrq ryhu d olihwlph1

Zkhq d krxvhkrog kdv d k|shuerolf glvfrxqw ixqfwlrq wkh krxvhkrog zloo kdyh g|qdplfdoo|

lqfrqvlvwhqw suhihuhqfhv1 Vr wkh sureohp ri doorfdwlqj frqvxpswlrq ryhu wlph fdqqrw eh wuhdwhg dv

d vwudljkwiruzdug rswlpl}dwlrq sureohp1 D vrsklvwlfdwhg k|shuerolf frqvxphu uhdol}hv wkdw vhoyhv
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dw odwhu srlqwv lq wlph zloo qrw lpsohphqw wkh srolflhv wkdw duh rswlpdo iurp wkh shuvshfwlyh ri

vhoyhv dw hduolhu srlqwv lq wlph1

Iroorzlqj wkh zrun ri Vwurw} +4<89,/ zh prgho d vrsklvwlfdwhg frqvxphu dv d vhtxhqfh ri udwlrqdo

sod|huv lq dq lqwud0shuvrqdo jdph1 Vhoyhv i53> 54> ===> <3j duh wkh sod|huv lq wklv jdph1 Wdnlqj

wkh vwudwhjlhv ri rwkhu vhoyhv dv jlyhq/ vhoi w slfnv d vwudwhj| iru wlph w wkdw lv rswlpdo iurp lwv

shuvshfwlyh1 Dw dq htxloleulxp/ doo vhoyhv fkrrvh rswlpdo vwudwhjlhv jlyhq wkh vwudwhjlhv ri doo rwkhu

vhoyhv1 Zh qxphulfdoo| frpsxwh wkh htxloleulxp vwudwhjlhv xvlqj d edfnzdugv lqgxfwlrq dojrulwkp1

g� -jt�,|t Nu |�j .!VNAjA|�B, BAa Q+VjiON,�W 7�6�,B|�NAt

Iljxuh 5 sorwv wkh phdq frqvxpswlrq sur�oh iru krxvhkrogv zlwk dq h{srqhqwldo glvfrxqw ixqfwlrq

dqg krxvhkrogv zlwk d k|shuerolf glvfrxqw ixqfwlrq1 Iljxuh 5 dovr sorwv wkh fdoleudwhg phdq

oderu lqfrph sur�oh zklfk lv �{hg e| wkh gdwd dqg khqfh lv wkh vdph iru erwk w|shv ri frqvxphuv1

Wkh h{srqhqwldo dqg k|shuerolf frqvxpswlrq sur�ohv urxjko| wudfn wkh oderu lqfrph sur�oh1 Wklv

frpryhphqw lv gulyhq e| wzr idfwruv1 Iluvw/ orz lqfrph hduo| lq olih krogv grzq frqvxpswlrq/ vlqfh

frqvxphuv fdqqrw eruurz pxfk djdlqvw ixwxuh lqfrph1 Diwhu doo/ lq wklv prgho wkh fuhglw fdug

eruurzlqj olplw lv 163 ri rqh |hdu*v lqfrph/ zklfk lv qrw hqrxjk wr vprrwk frqvxpswlrq ryhu wkh

olih f|foh1 Vhfrqg/ frqvxpswlrq qhhgv shdn lq plg0olih/ dv wkh qxpehu ri fkloguhq lqfuhdvh1 Wkh

qxpehu ri fkloguhq lq wkh krxvhkrog uhdfkhv d shdn ri 513< zkhq wkh krxvhkrog khdg lv 69 |hduv

rog1 Dv wkh qxpehu ri fkloguhq ghfolqhv/ wkh krxvhkrog ehjlqv wr vxssruw pruh dqg pruh dgxow

ghshqghqwv +l1h1/ wkh judqgsduhqwv ri wkh fkloguhq,/ uhdfklqj d shdn ri 1<4 dgxow ghshqghqwv dw djh

841

Iljxuh 5 frpsduhv wkh frqvxpswlrq sur�oh ri h{srqhqwldo krxvhkrogv zlwk wkh sur�oh ri k|0

shuerolf krxvhkrogv1 Wkhvh wzr frqvxpswlrq sur�ohv duh doprvw lqglvwlqjxlvkdeoh/ zlwk vpdoo

gl�huhqfhv dulvlqj dw wkh yhu| ehjlqqlqj ri olih/ durxqg uhwluhphqw/ dqg dw wkh yhu| hqg ri olih1 Dw

wkh ehjlqqlqj ri olih/ frqvxphuv zlwk k|shuerolf glvfrxqw udwhv jr rq d vshqglqj vsuhh �qdqfhg

zlwk fuhglw fdugv/ ohdglqj wr kljkhu frqvxpswlrq wkdq wkh krxvhkrogv zlwk wkh h{srqhqwldo glv0
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frxqw ixqfwlrq1S Durxqg uhwluhphqw/ k|shuerolf frqvxpswlrq idoov pruh vwhhso| wkdq h{srqhqwldo

frqvxpswlrq/ vlqfh k|shuerolf krxvhkrogv kdyh prvw ri wkhlu zhdowk lq looltxlg dvvhwv/ zklfk wkh|

fdqqrw frvw0h�hfwlyho| vhoo wr vprrwk frqvxpswlrq1 Dw wkh hqg ri olih/ k|shuerolf frqvxphuv kdyh

pruh looltxlg dvvhwv wr vhoo/ vxssruwlqj d kljkhu ohyho ri odwh0olih frqvxpswlrq1

Wkh wrs sdqho ri Iljxuh 6 sorwv wkh phdq ohyhov ri oltxlg dvvhwv/ looltxlg dvvhwv/ dqg wrwdo dvvhwv

iru rxu vlpxodwhg h{srqhqwldo krxvhkrogv1 Oltxlg dvvhwv lqfoxgh |hdu0hqg oltxlg �qdqfldo dvvhwv

dqg �
2e ri dqqxdo oderu lqfrph1 Wkh odwwhu whup dgmxvwv iru wkh idfw wkdw rxu dqqxdol}hg glvfuhwh

wlph prgho grhvq*w frqwdlq dq| prwlyh wr krog fdvk1 Li oderu lqfrph lv sdlg lq htxdo prqwko|

lqvwdoophqwv/ t
�2 / dqg frqvxpswlrq lv vprrwko| vsuhdg ryhu wlph/ wkhq dyhudjh fdvk lqyhqwrulhv

uhvxowlqj iurp prqwko| lqfrph zloo eh t
2e 1

Oltxlg zhdowk lv khog dv d ex�hu djdlqvw lqfrph vkrfnv dqg djdlqvw wkh idoo lq lqfrph dw

uhwluhphqw1 Dv d uhvxow/ oltxlg zhdowk kdv d orfdo shdn mxvw ehiruh uhwluhphqw1 Looltxlg zhdowk lv

dffxpxodwhg xs xqwlo uhwluhphqw dqg lv wkhq vrog r� diwhu djh :31 Prvw krxvhkrogv vhoo doo ri wkhlu

looltxlg zhdowk lq rqh wudqvdfwlrq/ wkhuhe| plqlpl}lqj wudqvdfwlrq frvwv/ zklfk lqfoxgh sursruwlrqdo

dqg �{hg frpsrqhqwv1 Krzhyhu d vpdoo sursruwlrq ri zhdowk| krxvhkrogv frqwlqxh wr krog looltxlg

zhdowk wkurxjk wkh hqg ri olih ehfdxvh ri d ehtxhvw prwlyh1 Wkh vhoo0r� lq looltxlg zhdowk jhqhudwhv

d odwh0olih mxps lq oltxlg zhdowk dv dvvhwv duh vkliwhg iurp rqh dffrxqw wr wkh rwkhu1

Oltxlg �qdqfldo dvvhwv dffxpxodwh xqwlo wkh| uhdfk d whpsrudu| sodwhdx dw djh 631 Wklv ex�hu

vwrfn ri oltxlg zhdowk lv xvhg wr ulgh rxw wudqvlwru| vkrfnv gxulqj zrunlqj olih1 Pruh oltxlg zhdowk

lv dffxpxodwhg lq wkh ghfdgh ehiruh uhwluhphqw +djhv 86096, wr vprrwk rxw wkh gurs lq oderu lqfrph

dw uhwluhphqw1 Looltxlg dffxpxodwlrq ehjlqv dw djh 63 dqg shdnv dw djh 961 Odwh lq olih/ looltxlg

zhdowk lv vrog/ wudqviruphg lqwr oltxlg zhdowk/ dqg wkhq frqvxphg1

Wkh erwwrp sdqho ri Iljxuh 6 sorwv wkh phdq ohyho ri oltxlg oldelolwlhv � l1h1/ fuhglw fdug ghew

rq zklfk lqwhuhvw lv sdlg � iru rxu vlpxodwhg krxvhkrogv zlwk dq h{srqhqwldo glvfrxqw udwh1 Wkh

erwwrp sdqho vkrzv wkdw fuhglw fdug eruurzlqj jurzv txlfno| hduo| lq olih1 Lw wkhq uhpdlqv idluo|

S5ii BL�h�?U�@t @?_ �@h!ih E�bbb� uLh i4T�h�U@* i��_i?Ui L? @? i@h*) *�ui UL?t�4T|�L? MLL4�
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vwhdg| ehwzhhq djhv 63 dqg 73/ dqg wkhq lv sdlg r� ehwzhhq djhv 73 dqg 931

Ehiruh frpsdulqj wkh zhdowk dffxpxodwlrq ri vlpxodwhg h{srqhqwldo dqg vlpxodwhg k|shuerolf

krxvhkrogv/ qrwh wkdw wkh wrwdo dvvhwv dffxpxodwhg � lqfoxglqj oltxlg dqg looltxlg dvvhwv � duh

doprvw lghqwlfdo1 Wklv vlplodulw| lv exlow lqwr wkh vlpxodwlrq iudphzrun/ vlqfh diwhu doo/ wkh wlph

suhihuhqfh sdudphwhuv iru wkh h{srqhqwldo dqg k|shuerolf glvfrxqw ixqfwlrqv zhuh fdoleudwhg wr

pdwfk revhuyhg ohyhov ri suh0uhwluhphqw zhdowk kroglqj1 Wkh rqo| qrwlfhdeoh gl�huhqfh ehwzhhq

wkh vlpxodwhg wrwdo dvvhw sur�ohv rffxuv diwhu uhwluhphqw1 Krxvhkrogv zlwk h{srqhqwldo glvfrxqw

ixqfwlrqv vshqg grzq wkhlu uhwluhphqw vdylqjv pxfk pruh txlfno| wkdq wkrvh zlwk k|shuerolf

glvfrxqw ixqfwlrqv/ vlqfh wkrvh zlwk h{srqhqwldo glvfrxqw ixqfwlrqv krog ohvv ri wkhlu dvvhwv lq

looltxlg irup1

Iljxuh 7 looxvwudwhv wklv srlqw e| sorwwlqj wkh dyhudjh looltxlg dvvhw kroglqjv ri h{srqhqwldo

dqg k|shuerolf krxvhkrogv1 Krxvhkrogv zlwk k|shuerolf glvfrxqw ixqfwlrqv ehjlq dffxpxodwlqj

wkh looltxlg dvvhw hduolhu dqg frqwlqxh dfwlyho| dffxpxodwlqj orqjhu1 Krxvhkrogv zlwk k|shuerolf

glvfrxqw ixqfwlrqv duh pruh zloolqj wr krog looltxlg zhdowk iru wzr uhdvrqv1 Iluvw/ wkh| ylhz looltxlg

dvvhwv dv d frpplwphqw ghylfh/ zklfk wkh| ydoxh vlqfh lw suhyhqwv odwhu vhoyhv iurp vsoxujlqj

vdyhg zhdowk1 Vhfrqg/ looltxlg dvvhwv kdyh wkh vdph surshuw| dv wkh jrrvh wkdw odlg jroghq hjjv

+Odlevrq 4<<:d,1 Wkh dvvhw surplvhv wr jhqhudwh vxevwdqwldo ehqh�wv/ exw wkhvh ehqh�wv fdq rqo|

eh uhdol}hg e| kroglqj wkh dvvhw iru d orqj wlph1 Wu|lqj wr h{wudfw ydoxh txlfno| � e| vodxjkwhulqj

wkh jrrvh ru vhoolqj wkh looltxlg dvvhw � uhgxfhv wkh ydoxh ri wkhvh dvvhwv1 Vxfk looltxlg dvvhwv duh

sduwlfxoduo| ydoxdeoh wr k|shuerolfv/ vlqfh k|shuerolfv kdyh d uhodwlyho| orz orqj0uxq glvfrxqw udwh1.

K|shuerolfv dqg h{srqhqwldov glvolnh looltxlglw| iru wkh vwdqgdug uhdvrq wkdw looltxlg dvvhwv fdq*w eh

xvhg wr ex�hu lqfrph vkrfnv/ exw wklv frvw ri looltxlglw| lv sduwldoo| r�vhw iru k|shuerolfv vlqfh wkh|

ydoxh frpplwphqw dqg wkh| pruh kljko| ydoxh wkh orqj0uxq glylghqgv ri looltxlg dvvhwv1 Khqfh/ rq

qhw/ looltxlglw| lv pruh frvwo| iru d krxvhkrog zlwk h{srqhqwldo glvfrxqw ixqfwlrqv wkdq d krxvhkrog
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zlwk k|shuerolf glvfrxqw ixqfwlrqv/ h{sodlqlqj zk| k|shuerolfv krog d kljkhu vkduh ri wkhlu zhdowk

lq looltxlg irup1

Frqyhuvho|/ krxvhkrogv zlwk k|shuerolf glvfrxqw ixqfwlrqv whqg wr krog uhodwlyho| olwwoh oltxlg

zhdowk1 Iljxuh 8 sorwv wkh oltxlg �qdqfldo dvvhwv dqg fuhglw fdug ghew iru wkh wzr w|shv ri vlpxodwhg

krxvhkrogv1 Krxvhkrogv zlwk k|shuerolf glvfrxqw ixqfwlrqv krog idu pruh fuhglw fdug ghew dqg

orzhu ohyhov ri oltxlg dvvhwv wkdq krxvhkrogv zlwk h{srqhqwldo glvfrxqw ixqfwlrqv1 Wkh k|shuerolf

krxvhkrogv hqg xs kroglqj uhodwlyho| olwwoh oltxlg zhdowk dqg kljk ohyhov ri oltxlg ghew ehfdxvh

oltxlglw| whqgv wr eh xvhg wr vdwlvi| wkh k|shuerolf wdvwh iru lqvwdqw judwl�fdwlrq1 Krxvhkrogv

zlwk k|shuerolf glvfrxqw ixqfwlrqv ylhz fuhglw fdugv dv d pl{hg eohvvlqj1 Fuhglw fdugv hqdeoh

ixwxuh vhoyhv wr vsoxujh +d frvw, exw fuhglw fdugv dovr surylgh oltxlglw| zkhq lqfrph vkrfnv klw wkh

krxvhkrog1

F� .6V�i�WB, j�B,�B|�NA Nu |�j t�6�,B|�NA ijt�,|t

Lq wklv vhfwlrq zh hydoxdwh hpslulfdoo| wkh suhglfwlrqv ri wkh vlpxodwlrq prghov glvfxvvhg deryh1

Zh irfxv rq vlpxodwlrq suhglfwlrqv derxw oltxlg dqg looltxlg zhdowk dffxpxodwlrq/ fuhglw fdug eru0

urzlqj/ dqg frqvxpswlrq0lqfrph frpryhphqw1 Uhodwlyh wr krxvhkrogv zlwk h{srqhqwldo glvfrxqw

ixqfwlrqv/ krxvhkrogv zlwk k|shuerolf glvfrxqw ixqfwlrqv krog ohvv oltxlg zhdowk/ krog pruh looltxlg

zhdowk/ eruurz pruh djjuhvvlyho| rq fuhglw fdugv/ dqg vprrwk frqvxpswlrq ohvv vxffhvvixoo| ryhu

wkh olihf|foh1 Dv zh zloo dujxh/ wkh k|shuerolf prgho fdq pdnh vhqvh ri d zlgh udqjh ri idfwv derxw

wkh olih0f|foh fkrlfhv ri X1V1 krxvhkrogv1

8141 Zhdowk Dffxpxodwlrq dqg Dvvhw Doorfdwlrq1 Zh ehjlq e| frqvlghulqj wkh shufhqwdjh

ri krxvhkrogv zlwk kljk ohyhov ri oltxlg zhdowk1 Xvlqj rxu vlpxodwhg gdwd/ zh fdofxodwh wkh udwlr

ri oltxlg dvvhwv wr dqqxdo oderu lqfrph iru hyhu| krxvhkrog dw hyhu| djh1 Zh wkhq uhsruw wkh

shufhqwdjh ri krxvhkrogv zklfk kdyh oltxlg dvvhw kroglqjv wkdw duh dw ohdvw dv odujh dv rqh prqwk ri

oderu lqfrph1 Wkh uhvxowv ri wklv dqdo|vlv ri vlpxodwhg gdwd dqg vxuyh| gdwd duh uhsruwhg lq Wdeoh

41 Iru h{dpsoh/ iurp djhv 73 wr 7</ :5 shufhqw ri vlpxodwhg krxvhkrogv zlwk h{srqhqwldo glvfrxqw
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ixqfwlrqv krog oltxlg dvvhwv juhdwhu wkdq rqh prqwk ri oderu lqfrph1 Wkh dqdorjrxv qxpehu iru

krxvhkrogv zlwk k|shuerolf glvfrxqw ixqfwlrqv lv rqo| 6; shufhqw1 Iru frpsdulvrq/ ehwzhhq 59

shufhqw dqg 75 shufhqw ri krxvhkrogv ehwzhhq djhv 73 dqg 7< lq wkh Vxuyh| ri Frqvxphu Ilqdqfhv

krog oltxlg �qdqfldo dvvhwv juhdwhu wkdq rqh prqwk ri oderu lqfrph1 Wkh udqjh ri hpslulfdo ydoxhv

uh�hfwv wkuhh gl�huhqw oltxlg dvvhw gh�qlwlrqv dgrswhg lq rxu dqdo|vlv1 Wkh qduurzhvw gh�qlwlrq ri

oltxlg dvvhwv lv mxvw fdvk/ fkhfnlqj/ dqg vdylqjv dffrxqwv1 Dq lqwhuphgldwh gh�qlwlrq ri oltxlg dvvhwv

lqfoxghv wkrvh lwhpv soxv prqh| pdunhw dffrxqwv1 Rxu prvw lqfoxvlyh gh�qlwlrq ri oltxlg dvvhwv

lqfoxghv wkh suhylrxv lwhpv soxv fdoo dffrxqwv/ fhuwl�fdwhv ri ghsrvlw/ erqgv/ vwrfnv dqg pxwxdo

ixqgv1 Rxu uhvxowv fkdqjh yhu| olwwoh dv zh ydu| wkh oltxlg dvvhwv gh�qlwlrq1 Wkh sursruwlrqv

ri krxvhkrogv lq wkh Vxuyh| ri Frqvxphu Ilqdqfhv zlwk oltxlg dvvhwv juhdwhu wkdq rqh prqwk ri

lqfrph/ edvhg rq wkhvh wkuhh gh�qlwlrqv/ duh vkrzq lq wkh �qdo wkuhh froxpqv ri Wdeoh 41

Frqvlghu rxu lqwhuphgldwh gh�qlwlrq ri oltxlg �qdqfldo dvvhwv1 Xvlqj wklv gh�qlwlrq/ rq dyhudjh

76 shufhqw ri dfwxdo krxvhkrogv krog oltxlg dvvhwv juhdwhu wkdq rqh prqwk ri krxvhkrog lqfrph1

Wklv shufhqwdjh ulvhv ryhu wkh olih f|foh1 Wkh vlpxodwhg h{srqhqwldo prgho grhv d srru mre ri

dssur{lpdwlqj wklv vxuyh| gdwd1 Wkh h{srqhqwldo sur�oh olhv hyhu|zkhuh deryh wkh hpslulfdo sur�oh/

zlwk dq dyhudjh gl�huhqfh ri 63 shufhqwdjh srlqwv1 Wkh vlpxodwlrq ri krxvhkrogv zlwk k|shuerolf

glvfrxqw ixqfwlrqv grhv d pxfk ehwwhu mre ri dssur{lpdwlqj wkh hpslulfdo phdvxuhv ri oltxlg zhdowk

kroglqj1 Wkh k|shuerolf sur�oh lqwhuvhfwv wkh hpslulfdo sur�oh/ zlwk dq dyhudjh gl�huhqfh ri rqo|

6 shufhqwdjh srlqwv1 Krzhyhu/ wkh k|shuerolf vlpxodwlrqv gr qrw suhglfw wkh vkdus hpslulfdo ulvh

lq oltxlg zhdowk kroglqj ryhu wkh olihf|foh1

Lq Wdeoh 5 zh hydoxdwh wkh wkhruhwlfdo prghov e| dqdo|}lqj wkh vlpxodwhg txdqwlw| ri oltxlg dvvhwv

dv d vkduh ri wrwdo dvvhwv/ zkdw zh fdoo wkh _oltxlg zhdowk vkduh1% Lq wkh gdwd iurp wkh Vxuyh| ri

Frqvxphu Ilqdqfhv/ wkh dyhudjh oltxlg zhdowk vkduh lv rqo| 43 shufhqw +xvlqj wkh lqwhuphgldwh

gh�qlwlrq ri oltxlg zhdowk, dqg qhlwkhu wkh h{srqhqwldo qru k|shuerolf vlpxodwlrqv frph forvh wr

pdwfklqj wklv qxpehu/ wkrxjk wkh k|shuerolf vlpxodwlrqv duh d elw forvhu wr wkh pdun1 Wklv

idloxuh pd| dulvh ehfdxvh looltxlg dvvhwv lq wkh uhdo zruog duh ohvv looltxlg wkdq looltxlg dvvhwv lq rxu
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vlpxodwlrqv1 E| orzhulqj wkh wudqvdfwlrqv frvwv ri rxu vlpxodwhg looltxlg dvvhwv zh fdq lqfuhdvh

rxu vlpxodwhg frqvxphuv* zloolqjqhvv wr krog looltxlg dvvhwv1 Lq dgglwlrq/ oltxlg dvvhwv lq wkh uhdo

zruog pd| surylgh d orzhu udwh ri uhwxuq wkdq oltxlg dvvhwv lq rxu prgho1 Li prvw oltxlg dvvhwv duh

fkhfnlqj dffrxqw edodqfhv � lqvwhdg ri vwrfnv dqg frusrudwh erqgv � wkhq wkh oltxlg uhwxuq pd|

eh orzhu wkdq 61:8 shufhqw1 D orzhu oltxlg uhwxuq zrxog lqfuhdvh wkh uhodwlyh dsshdo ri wkh looltxlg

dvvhw1

Uhyroylqj fuhglw � wkdw lv/ fuhglw fdug eruurzlqj � uhsuhvhqwv dq lpsruwdqw irup ri oltxlglw|1

Orz ohyhov ri oltxlg qhw dvvhwv duh qdwxudoo| dvvrfldwhg zlwk kljk ohyhov ri fuhglw fdug ghew1 Dw

dq| srlqw lq wlph/ rqo| 4< shufhqw ri vlpxodwhg frqvxphuv zlwk dq h{srqhqwldo glvfrxqw ixqfwlrq

eruurz rq wkhlu fuhglw fdugv/ frpsduhg wr 84 shufhqw ri wkrvh zlwk d k|shuerolf glvfrxqw ixqfwlrq1

E| frpsdulvrq/ lq wkh 4<<8 Vxuyh| ri Frqvxphu Ilqdqfhv/ :3 shufhqw ri krxvhkrogv zlwk fuhglw

fdugv uhsruw wkdw wkh| glg qrw ixoo| sd| wkhlu fuhglw fdug eloo wkh odvw wlph wkdw wkh| pdlohg lq d

sd|phqw1 Erwk ri wkh vlpxodwhg uhvxowv duh orz uhodwlyh wr wklv hpslulfdo ehqfkpdun/ exw k|shuerolf

vlpxodwlrqv gr frph forvhu wr pdwfklqj wkh dydlodeoh gdwd1

Dqdorjrxv uhvxowv dulvh zkhq zh phdvxuh wkh dyhudjh dprxqw eruurzhg rq fuhglw fdugv1 Rq

dyhudjh/ vlpxodwhg krxvhkrogv zlwk h{srqhqwldo glvfrxqw ixqfwlrqv rzh '<33 ri lqwhuhvw0sd|lqj

fuhglw fdug ghew/ lqfoxglqj wkh krxvhkrogv zlwk qr ghew1 E| frqwudvw/ vlpxodwhg krxvhkrogv zlwk

k|shuerolf glvfrxqw ixqfwlrqv rzh '6/733 ri fuhglw fdug ghew1 Wkh dfwxdo dprxqw ri fuhglw fdug

ghew rzhg shu krxvhkrog zlwk d fuhglw fdug lv ryhu '8/333 +lqfoxglqj krxvhkrogv zlwk qr ghew/ exw

h{foxglqj wkh �rdw,1H Djdlq/ wkh k|shuerolf vlpxodwlrqv surylgh d ehwwhu dssur{lpdwlrq wkdq wkh

h{srqhqwldo vlpxodwlrqv1

8151 Frpryhphqw ri Frqvxpswlrq dqg Oderu Lqfrph1 Vlqfh Kdoo*v +4<:;, sdwkeuhdnlqj

zrun/ wkh fruh ri wkh hpslulfdo frqvxpswlrq olwhudwxuh kdv ehhq edvhg rq whvwv ri frpryhphqw
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ehwzhhq frqvxpswlrq dqg lqfrph1 Kdoo dujxhg wkdw li fxuuhqw frqvxpswlrq lv edvhg rq dvvhw

zhdowk dqg wkh qhw suhvhqw ydoxh ri ixwxuh lqfrph �rzv/ wkhq fkdqjhv lq frqvxpswlrq zloo rqo|

rffxu li qhzv duulyhv zklfk fkdqjhv zhdowk ru wkh h{shfwdwlrqv ri ixwxuh lqfrph1 Dv d uhvxow/ wkh

vwdqgdug prgho ri frqvxpswlrq/ lq zklfk frqvxphuv idfh qr oltxlglw| frqvwudlqwv/ lpsolhv wkdw wkh

pdujlqdo surshqvlw| wr frqvxph rxw ri suhglfwdeoh fkdqjhv lq lqfrph vkrxog eh }hur1

E| frqwudvw/ hpslulfdo hvwlpdwhv ri wkh pdujlqdo surshqvlw| wr frqvxph rxw ri suhglfwdeoh

fkdqjhv lq lqfrph olh jhqhudoo| ehwzhhq 3 dqg 18/ zlwk w|slfdo hvwlpdwhv ehwzhhq 14 dqg 161 Iru

h{dpsoh/ Dowrqml dqg Vlrz +4<;:, uhsruw d vwdwlvwlfdoo| lqvljql�fdqw frh�flhqw ri 13<4> Dwwdqdvlr

dqg Zhehu +4<<6, uhsruw dq lqvljql�fdqw frh�flhqw ri 144<> Dwwdqdvlr dqg Zhehu +4<<8, uhsruw

dq lqvljql�fdqw frh�flhqw ri 1433> Kdoo dqg Plvknlq +4<;5, uhsruw d vljql�fdqw frh�flhqw ri 1533>

Kd|dvkl +4<;8, uhsruwv d vljql�fdqw frh�flhqw ri 148;> Oxvdugl +4<<9, uhsruwv d vljql�fdqw frh�flhqw

ri 169;> Vkhd +4<<8, uhsruwv d pdujlqdoo| vljql�fdqw frh�flhqw ri 1;;;> dqg Vrxohohv +4<<<, uhsruwv

d vljql�fdqw frh�flhqw ri 16771 Vhh Ghdwrq +4<<5, dqg Eurzqlqj dqg Oxvdugl +4<<9, iru glvfxvvlrq

ri wkh olwhudwxuh rq wkh h{fhvv vhqvlwlylw| ri frqvxpswlrq wr lqfrph1

Zh kdyh uhsolfdwhg wkh vwdqgdug frpryhphqw uhjuhvvvlrqv xvlqj wkh 4<:;04<<5 vxuyh|v iurp

wkh Sdqho Vxuyh| ri Lqfrph G|qdplfv1 Zh xvh d udqjh ri gh�qlwlrqv ri frqvxpswlrq dqg vhyhudo

gl�huhqw dvvxpswlrqv rq wkh phdvxuhphqw huuru lq lqfrph +Dqjhohwrv hw do1 5334,1 Zh suhglfw

h{shfwhg lqfrph jurzwk zlwk d udqjh ri lqvwuxphqwv= odjjhg lqfrph/ odjjhg krxuv zrunhg e| wkh

khdg dqg vsrxvh/ dqg udfh dqg pdulwdo vwdwxv gxpplhv1 Rxu hpslulfdo hvwlpdwhv ri wkh pdujlqdo

surshqvlw| wr frqvxph rxw ri suhglfwdeoh fkdqjhv lq lqfrph olh ehwzhhq 14< dqg 166 dqg prvw duh

vljql�fdqw dw wkh 8 shufhqw ohyho1b

Zh kdyh dovr hvwlpdwhg wkh vwdqgdug frpryhphqw uhjuhvvlrq xvlqj rxu vlpxodwhg krxvhkrogv

zlwk h{srqhqwldo glvfrxqw ixqfwlrqv1 Iru wkhvh krxvhkrogv/ wkh hvwlpdwhg pdujlqdo surshqvlw|

b5TiU��U@**)c �i it|�4@|ic
{ *?E��|� ' k.|3�{*?Et�|� nf�|q n 0�|�

Oihi f�|c �t @ �iU|Lh Lu UL?|hL* �@h�@M*it� A�i t|@?_@h_ UL?t�4T|�L? 4L_i* E��|�L�| *�^��_�|) UL?t|h@�?|t�c Thi_�U|t
k ' f( |�i 4@h}�?@* ThLTi?t�|) |L UL?t�4i L�| Lu Thi_�U|@M*i U�@?}it �? �?UL4i t�L�*_ Mi 3ihL�



C�j Q+VjiON,�W �NAt�6V|�NA �Naj,H �B,�OiB|�NAe 7�6�,B|�NAe BAa .6V�i�WB, .�B,�B|�NA�4;

wr frqvxph rxw ri suhglfwdeoh fkdqjhv lq lqfrph lv rqo| 31361 Wklv hvwlpdwh olhv voljkwo| deryh

}hur ehfdxvh ri oltxlglw| frqvwudlqwv1 Exw oltxlglw| frqvwudlqwv gr qrw elqg ru frph forvh wr

elqglqj riwhq hqrxjk lq wkh fdoleudwhg h{srqhqwldo prgho wr sxvk wkh pdujlqdo surshqvlw| wr

frqvxph idu deryh }hur1 Wkh fdoleudwlrq ri wkh h{srqhqwldo glvfrxqw ixqfwlrq |lhogv d glvfrxqw

idfwru �i TL?i?|�@* @ =<77> lpso|lqj dq h{srqhqwldo glvfrxqw udwh ri =389= Wklv glvfrxqw udwh lv qrw

kljk hqrxjk wr pdnh wkh oltxlglw| frqvwudlqwv pdwwhu1 Khqfh/ frqvxpswlrq frpryhv rqo| zhdno|

zlwk suhglfwdeoh fkdqjhv lq lqfrph1 Zlwk kljkhu glvfrxqw udwhv wkh lpsolhg frpryhphqw zrxog

eh vwurqjhu/ exw vxfk kljkhu glvfrxqw udwhv duh lqfrqvlvwhqw zlwk wkh revhuyhg hpslulfdo ohyho ri

uhwluhphqw zhdowk dffxpxodwlrq1 Uhfdoo wkdw wkh ohyho ri uhwluhphqw zhdowk zdv xvhg wr hvwlpdwh

�i TL?i?|�@*=

Zh kdyh dovr hvwlpdwhg wkh pdujlqdo surshqvlw| wr frqvxph rxw ri suhglfwdeoh fkdqjhv lq lqfrph

xvlqj wkh vlpxodwhg krxvhkrogv zlwk k|shuerolf glvfrxqw ixqfwlrqv1 Iru rxu k|shuerolf krxvhkrogv

zh hvwlpdwh d pdujlqdo surshqvlw| wr frqvxph ri 3=4991 Wklv hvwlpdwh frpsduhv zhoo zlwk wkh

dydlodeoh hpslulfdo hylghqfh1 Krxvhkrogv zlwk k|shuerolf glvfrxqw ixqfwlrqv krog pruh ri wkhlu

zhdowk lq looltxlg irup wkdq krxvhkrogv zlwk h{srqhqwldo glvfrxqw ixqfwlrqv1 Vr krxvhkrogv zlwk

k|shuerolf glvfrxqw ixqfwlrqv duh pruh olnho| wr klw oltxlglw| frqvwudlqwv/ udlvlqj wkhlu pdujlqdo

surshqvlw| wr frqvxph rxw ri suhglfwdeoh fkdqjhv lq lqfrph1

Zh dovr xvh rxu vlpxodwlrqv wr lqyhvwljdwh lqfrph0frqvxpswlrq frpryhphqw durxqg wkh wlph

ri uhwluhphqw1 Edqnv hw do1 +4<<;, dqg Ehuqkhlp hw do1 +4<<:, dujxh wkdw frqvxpswlrq idoov

sduwlfxoduo| vwhhso| dv frqvxphuv hqwhu uhwluhphqw1 Iurp wkh vwdqgsrlqw ri wkh vwdqgdug wkhru| ri

frqvxpswlrq/ wklv ghfolqh pd| eh dqrpdorxv> udwlrqdo frqvxphuv vkrxog dqwlflsdwh uhwluhphqw dqg

vkrxog vprrwk wkhlu frqvxpswlrq hyhq wkrxjk wkhlu lqfrph lv idoolqj1

Xvlqj gdwd iurp wkh Sdqho Vxuyh| ri Lqfrph G|qdplfv/ zh frq�up wkh uhvxowv ri Ehuqkhlp

hw do1 dqg hvwlpdwh d vwdwlvwlfdoo| vljql�fdqw h{fhvv gurs lq frqvxpswlrq ri 4419 shufhqw lq wkh
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irxu0|hdu zlqgrz durxqg uhwluhphqw +Dqjhohwrv hw do1 5334,1�f Zh wkhq udq dqdorjrxv uhjuhvvlrqv

rq rxu vlpxodwhg gdwd1 Iru krxvhkrogv zlwk dq h{srqhqwldo glvfrxqw ixqfwlrq/ zh hvwlpdwh dq

h{fhvv gurs lq frqvxpswlrq ri 613 shufhqw durxqg uhwluhphqw1 Iru krxvhkrogv zlwk d k|shuerolf

glvfrxqw ixqfwlrq/ wkh dqdorjrxv gurs lv 4718 shufhqw/ forvh wr wkh fruuhvsrqglqj SVLG hvwlpdwh1

Wkh xqghuo|lqj uhdvrq iru wkh gl�huhqfh lv wkdw k|shuerolf frqvxphuv krog uhodwlyho| olwwoh oltxlg

zhdowk1 Wkhuhiruh/ d gurs lq lqfrph dw uhwluhphqw wudqvodwhv lqwr d vxevwdqwldo gurs lq frqvxpswlrq/

hyhq wkrxjk uhwluhphqw lv dq h{rjhqrxv/ frpsohwho| suhglfwdeoh hyhqw1 Qdwxudoo|/ wklv lv mxvw rqh

h{sodqdwlrq iru wkh hpslulfdo gurs lq frqvxpswlrq dw uhwluhphqw1 Frqvxpswlrq pd| dovr idoo

ehfdxvh ri ohlvxuh0frqvxpswlrq vxevwlwxwlrq dqg ehfdxvh uhwluhphqw fruuhodwhv zlwk qhjdwlyh khdowk

ru oderu vxsso| vkrfnv1�� Qhlwkhu ri wkhvh srwhqwldoo| lpsruwdqw h�hfwv lv suhvhqw lq rxu prgho1

U� �NAW,�t�NAt

Doo lq doo/ d prgho ri frqvxpswlrq edvhg rq d k|shuerolf glvfrxqw ixqfwlrq frqvlvwhqwo| ehwwhu ds0

sur{lpdwhv wkh gdwd wkdq grhv d prgho edvhg rq dq h{srqhqwldo glvfrxqw ixqfwlrq1 Wkh k|shuerolf

glvfrxqw ixqfwlrq wxuqv rxw wr eh xvhixo lq khoslqj wr h{sodlq zk| krxvhkrogv krog uhodwlyho| orz

ohyhov ri oltxlg zhdowk/ phdvxuhg hlwkhu dv d iudfwlrq ri oderu lqfrph ru dv d vkduh ri wrwdo zhdowk1

Wkh prgho dovr khosv wr h{sodlq zk| krxvhkrogv eruurz vr djjuhvvlyho| zlwk wkhlu fuhglw fdugv1

Lq dgglwlrq/ ehfdxvh wkh krxvhkrogv zlwk k|shuerolf glvfrxqw ixqfwlrqv kdyh uhodwlyho| orz ohyhov

ri oltxlg dvvhwv dqg uhodwlyho| kljk ohyhov ri fuhglw fdug ghew/ wkh| duh ohvv deoh wr vprrwk wkhlu

frqvxpswlrq sdwkv lq wkh suhvhqfh ri suhglfwdeoh fkdqjhv lq lqfrph1 Dv d uhvxow/ wkhlu frqvxps0

wlrq uhvsrqgv wr suhglfwdeoh fkdqjhv lq lqfrph/ pdwfklqj zhoo grfxphqwhg hpslulfdo sdwwhuqv ri

frqvxpswlrq0lqfrph frpryhphqw1 Iru vlplodu uhdvrqv/ wkh k|shuerolf glvfrxqw ixqfwlrq khosv wr
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h{sodlq zk| frqvxpswlrq gursv durxqg uhwluhphqw1

Ixwxuh zrun vkrxog hqulfk wkh olihf|foh prghoolqj iudphzrun1 H{sdqglqj wkh qxpehu ri dvvhwv

dqg wkh vrxufhv ri xqfhuwdlqw| srvh lpsruwdqw fkdoohqjhv1 Vxfk h{whqvlrqv zrxog ryhuzkhop wkh

fxuuhqw jhqhudwlrq ri frpsxwhuv1 Exw dv frpsxwhuv jhw idvwhu/ ulfkhu vlpxodwlrqv zloo ehfrph

srvvleoh1 Zh duh dovr lqwuljxhg e| dqdo|vlv wkdw h{dplqhv wkh kljk iuhtxhqf| ehkdylru ri ghflvlrq0

pdnhuv zlwk k|shuerolf glvfrxqw ixqfwlrqv1 Wr hfrqrpl}h rq frpsxwhu uhvrxufhv/ wkh prgho lq

wkh fxuuhqw sdshu dqdo|}hv d prgho zlwk dqqxdo ghflvlrqv1 Exw vhoi0frqwuro sureohpv dulvh iurp

prphqw wr prphqw � wklqn ri wkh fkrfrodwh vrx��h �d od prgh1 D frpsohwh xqghuvwdqglqj

ri vhoi0uhjxodwlrq zloo uhtxluh kljk iuhtxhqf| dqdo|vlv ri lqwhuwhpsrudo fkrlfhv/ lqfoxglqj prghov

hpehgghg lq frqwlqxrxv wlph +Eduur/ 4<<</ Kduulv dqg Odlevrq 5334/ Oxwwphu dqg Pdulrwwl 5333,1

Rwkhu lqwhuhvwlqj h{whqvlrqv lqfoxgh dqdo|vlv ri _pl{hg% hfrqrplhv srsxodwhg e| gl�huhqw w|shv

ri frqvxphuv � h{srqhqwldo dqg k|shuerolf +Odlevrq/ Uhshwwr dqg Wredfpdq 4<<;,1 Lw zloo dovr

eh lpsruwdqw wr xqghuvwdqg wkh uroh ri vrsklvwlfdwlrq lq wkh vdylqjv dqg dvvhw doorfdwlrq ghflvlrqv

ri k|shuerolf frqvxphuv +R*Grqrjkxh dqg Udelq/ 5333,1 Uhvhdufkhuv vkrxog dovr hqgrjhql}h wkh

phqx ri frqwudfwv surylghg e| sur�w0pd{lpl}lqj �upv wr k|shuerolf frqvxphuv +R*Grqrjkxh dqg

Udelq/ 4<<<e/ Ghood Yljqd dqg Pdophqglhu 5334,1

Ixwxuh zrun vkrxog dovr dwwhpsw wr hvwlpdwh wlph suhihuhqfh sdudphwhuv xvlqj �hog gdwd1 Lq

suholplqdu| zrun dorqj wkhvh olqhv/ zh kdyh hpslulfdoo| hydoxdwhg wkh prgho ghvfulehg lq wklv sdshu

xvlqj wkh phwkrg ri vlpxodwhg prphqwv +Sdnhv dqg Sroodug 4<;<,1 Iroorzlqj wklv dssurdfk zh kdyh

wljkwo| hvwlpdwhg wkh k|shuerolf suhihuhqfh sdudphwhuv= � @ =88 +vwdqgdug huuru 138, dqg � @ =<9

+vwdqgdug huuru 134,1 Wklv lqihuhqfh mrlqv d qdvfhqw olwhudwxuh lq zklfk vwuxfwxudo k|shuerolf prghov

duh hvwlpdwhg zlwk �hog gdwd +h1j1/ Ghood Yljqd dqg Sdvhupdq 5334,1

Zh eholhyh wkdw wkh prgho ri frqvxpswlrq edvhg rq d k|shuerolf glvfrxqw ixqfwlrq zloo suryh

xvhixo ehfdxvh lw surylghv d sduvlprqlrxv iudphzrun wkdw pdnhv vkdus hpslulfdo suhglfwlrqv1 Qdw0

xudoo|/ zh h{shfw vxfk hpslulfdo suhglfwlrqv wr lghqwli| erwk wkh vwuhqjwkv dqg wkh idlolqjv ri wkh

k|shuerolf dssurdfk1 Zh suhglfw wkdw wkh idlolqjv zloo uh�hfw wkh idfw wkdw wkh k|shuerolf prgho
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lv d uhgxfhg irup wkdw fdswxuhv d pruh frpsolfdwhg xqghuo|lqj suhihuhqfh vwuxfwxuh1 Iru qrz/ wkh

k|shuerolf prgho uhsuhvhqwv dq hpslulfdoo| xvhixo sduvlprqlrxv uhsuhvhqwdwlrq ri rxu vhoi0frqwuro

sureohpv1 Ixwxuh dxwkruv zloo xqgrxewhgo| xqfryhu wkh ghhshu frjqlwlyh vxefrpsrqhqwv ri wkh

vwuxjjoh iru vhoi0frppdqg1
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0� -jujijAWjt

Dlqvolh/ Jhrujh1 4<<51 Slfrhfrqrplfv1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv1

Dnhuori/ Jhrujh D1 4<<41 _Surfudvwlqdwlrq dqg Rehglhqfh1% Dphulfdq Hfrqrplf Uhylhz1 +Sdshuv

dqg Surfhhglqjv,/ ss1 404<1

Dowrqml/ Mrvhsk dqg Dor|vlxv Vlrz1 4<;:1 _Whvwlqj wkh Uhvsrqvh ri Frqvxpswlrq wr Lqfrph

Fkdqjhv zlwk +Qrlv|, Sdqho Gdwd1% Txduwhuo| Mrxuqdo ri Hfrqrplfv1 435=5/ ss1 5<6065;1

Dqjhohwrv/ Jhrujh0Pdulrv/ Dqguhd Uhshwwr/ Mhuhp| Wredfpdq/ dqg Vwhskhq Zhlqehuj1 53341

_Wkh K|shuerolf Ex�hu Vwrfn Prgho= Fdoleudwlrq/ Vlpxodwlrq/ dqg Hpslulfdo Hydoxdwlrq%

QEHU zrunlqj sdshu1

Dwwdqdvlr/ Rud}lr1 4<<<1 _Frqvxpswlrq/ lq Kdqgerrn ri Pdfurhfrqrplfv1 Mrkq Wd|oru dqg

Plfkdho Zrrgirug/ hgv1 Qruwk Kroodqg1

��~ dqg Jxjolhopr Zhehu1 4<<61 _Frqvxpswlrq Jurzwk/ wkh Lqwhuhvw Udwh/ dqg Djjuhjdwlrq1%

Uhylhz ri Hfrqrplf Vwxglhv1 93=6/ ss1 96407<1

��~ dqg ��~1 4<<81 _Lv Frqvxpswlrq Jurzwk Frqvlvwhqw zlwk Lqwhuwhpsrudo Rswlpl}dwlrqB

Hylghqfh irup wkh Frqvxphu H{shqglwxuh Vxuyh|1% Mrxuqdo ri Srolwlfdo Hfrqrp|1 436=9/ ss1

445408:1

Edqnv/ Mdphv/ Ulfkdug Eoxqghoo dqg Vdudk Wdqqhu1 4<<;1 _Lv Wkhuh d Uhwluhphqw Sx}}ohB%

Dphulfdq Hfrqrplf Uhylhz1 ;;/ ss1:9<0:;;1

Eduur/ Urehuw M1 4<<<1 _Odlevrq Phhwv Udpvh| lq wkh Qhrfodvvlfdo Jurzwk Prgho1% Txduwhuo|

Mrxuqdo ri Hfrqrplfv1 447+7,/ ss1 44580851

Eduur/ Urehuw M1 dqg Gdylg E Jrugrq1 4<;6 _D Srvlwlyh Wkhru| ri Prqhwdu| Srolf| lq d Qdwxudo

Udwh Phfkdqlvp1% Mrxuqdo ri Srolwlfdo Hfrqrp| yro <4 qr1 7 ss1 8;<09431
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Ehqderx/ Urodqg dqg Mhdq Wluroh1 53331 _Zloosrzhu dqg shuvrqdo uxohv1% Plphr1

Ehuqkhlp/ E1 Grxjodv1 4<<81 _Gr Krxvhkrogv Dssuhfldwh Wkhlu Ilqdqfldo YxoqhudelolwlhvB Dq

Dqdo|vlv ri Dfwlrqv/ Shufhswlrqv/ dqg Sxeolf Srolf|1% Wd{ Srolf| iru Hfrqrplf Jurzwk lq wkh

4<<3v1 Zdvklqjwrq/ G1F1= Dphulfdq Frxqflo iru Fdslwdo Irupdwlrq/ ss140631

��~/ Mrqdwkdq Vnlqqhu dqg Vwhyhq Zhlqehuj1 4<<:1 _Zkdw Dffrxqwv iru wkh Yduldwlrq lq Uh0

wluhphqw Zhdowk Dprqj XV KrxvhkrogvB% Zrunlqj Sdshu 955:1 Fdpeulgjh/ Pdvv= Qdwlrqdo

Exuhdx ri Hfrqrplf Uhvhdufk1

Eoxqghoo/ Ulfkdug/ Pduwlq Eurzqlqj dqg Frvwdv Phjklu1 4<<71 _Frqvxphu Ghpdqg dqg wkh

Olih0F|foh Doorfdwlrq ri Krxvhkrog H{shqglwxuhv1% Uhylhz ri Hfrqrplf Vwxglhv1 94/ ss1

8:0;31

Eurfdv/ Lvdehooh dqg Mxdq Fduuloor1 53331 _Wkh Ydoxh ri Lqirupdwlrq Zkhq Suhihuhqfhv duh

G|qdplfdoo| Lqfrqvlvwhqw/% iruwkfrplqj lq Hxurshdq Hfrqrplf Uhylhz1

Eurzqlqj/ Pduwlq dqg Dqqdpduld Oxvdugl1 4<<91 _Krxvhkrog Vdylqj= Plfur Wkhrulhv dqg Plfur

Idfwv1% Mrxuqdo ri Hfrqrplf Olwhudwxuh1 65/ ss14:<:04;881

Fduuloor/ Mxdq dqg Wkrpdv Pdulrwwl1 53331 _Vwudwhjlf Ljqrudqfh dv d Vhoi0Glvflsolqlqj Ghylfh/%

iruwkfrplqj lq Uhylhz ri Hfrqrplf Vwxglhv1

Fduuroo/ Fkulvwrskhu G1 4<<51 _Wkh Ex�hu Vwrfn Wkhru| ri Vdylqj= Vrph Pdfurhfrqrplf Hyl0

ghqfh1% Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|1 5=4<<5/ ss1 9404891

��~1 4<<:1 _Ex�hu0Vwrfn Vdylqj dqg wkh Olih F|foh2Shupdqhqw Lqfrph K|srwkhvlv1% Txduwhuo|

Mrxuqdo ri Hfrqrplfv1 445/ ss1 408:1

Fkxqj/ Vklq0Kr dqg Ulfkdug M1 Khuuqvwhlq1 4<941 _Uhodwlyh dqg Devroxwh Vwuhqjwkv ri Uhvsrqvh

dv d Ixqfwlrq ri Iuhtxhqf| ri Uhlqirufhphqw1% Mrxuqdo ri wkh H{shulphqwdo Dqdo|vlv ri

Dqlpdo Ehkdylru1 7/ ss1 59:0:51
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Frdvh/ Urqdog K1 4<:51 _Gxudelolw| dqg Prqrsro|1% Mrxuqdo ri Odz ) Hfrqrplfv1 Yro 48 +4,/

s1 47607<1

Ghdwrq/ Dqjxv1 4<<41 _Vdylqj dqg Oltxlglw| Frqvwudlqwv1% Hfrqrphwulfd1 8</ ss1 455407;1

Ghdwrq/ Dqjxv1 4<<51 Xqghuvwdqglqj Frqvxpswlrq1 R{irug Xqlyhuvlw| Suhvv= R{irug1

Ghdwrq/ Dqjxv dqg Mrkq Pxhooedxhu 4<;91 _Rq Phdvxulqj Fklog Frvwv= Zlwk Dssolfdwlrqv wr

Srru Frxqwulhv1% Mrxuqdo ri Srolwlfdo Hfrqrp|1 <7=7/ ss1 :530:771

GhoodYljqd/ Vwhidqr/ dqg Sdvhupdq/ P1 Gdqlhoh1 53331 _Mre Vhdufk dqg K|shuerolf Glvfrxqw0

lqj1% Pdxulfh Idon Lqvwlwxwh iru Hfrqrplf Uhvhdufk +Mhuxvdohp/ Lvudho,/ Glvfxvvlrq Sdshu

Qr1 331481

GhoodYljqd/ Vwhidqr dqg Xoulnh Pdophqglhu1 53341 _Vhoi0frqwuro lq wkh pdunhw= hylghqfh iurp wkh

khdowk foxe lqgxvwu|1% Kduydug Xqlyhuvlw| plphr1

Gldprqg/ Shwhu dqg Erwrqg Nrv}hjl1 4<<;1 _K|shuerolf glvfrxqwlqj dqg uhwluhphqw1% PLW

plphr1

Hqjhq/ Hulf/ Zlooldp Jdoh dqg Mrkq Nduo Vfkro}1 4<<71 _Gr Vdylqj Lqfhqwlyhv ZrunB% ESHD1

4=4<<7/ ss1 ;804;31

Idundv/ Vwhyh dqg Mhdq Mrkqvrq1 4<<:1 _Plohv wr Jr= D Vwdwxv Uhsruw rq Dphulfdqv* Sodqv iru

Uhwluhphqw1% Sxeolf Djhqgd1

Iuhghulfn/ Vkdqh/ Jhrujh Orhzhqvwhlq/ dqg Hgzdug R*Grqrjkxh +5334, _Wlph Glvfrxqwlqj= D

Fulwlfdo Uhylhz/% iruwkfrplqj lq Fkrlfh Ryhu Wlph LL/ Qhz \run= Uxvvhoo Vdjh Irxqgdwlrq1

Jrxulqfkdv/ Slhuuh0Rolylhu dqg Mrqdwkdq Sdunhu1 4<<<1 _Frqvxpswlrq Ryhu wkh Olih0F|foh1%

Plphr1

Jurvv/ Gdylg dqg Qlfkrodv Vrxohohv1 4<<<d1 _Dq Hpslulfdo Dqdo|vlv ri Shuvrqdo Edqnuxswf| dqg

Gholqtxhqf|1% Plphr1
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dqg 1 4<<<e1 _Krz gr shrsoh xvh fuhglw fdugvB% Plphr1

dqg 1 53331 _Frqvxphu Uhvsrqvh wr Fkdqjhv lq Fuhglw Vxsso|= Hylghqfh iurp Fuhglw

Fdug Gdwd1% Plphr1

Kdoo/ Urehuw H1 4<:;1 _Vwrfkdvwlf Lpsolfdwlrqv ri wkh Olih0F|foh2Shupdqhqw Lqfrph K|srwkhvlv=

Wkhru| dqg Hylghqfh1% Mrxuqdo ri Srolwlfdo Hfrqrp|1 <9/ ss1 <:40;:1

Kdoo/ Urehuw H1 dqg Iuhghulf V1 Plvknlq1 4<;51 _Wkh Vhqvlwlylw| ri Frqvxpswlrq wr Wudqvlwru|

Lqfrph= Hvwlpdwhv Iurp Sdqho Gdwd rq Krxvhkrogv1% Hfrqrphwulfd1 83=5/ ss1 7940;41

Kduulv/ Fkulvwrskhu dqg Gdylg Odlevrq1 53331 _G|qdplf Fkrlfhv ri K|shuerolf Frqvxphuv/%

iruwkfrplqj Mxo| 5334 Hfrqrphwulfd1

dqg 1 5334 _Lqvwdqwdqhrxv Judwl�fdwlrq/% plphr Kduydug Xqlyhuvlw|1

Kd|dvkl/ Ixplr1 4<;81 _Wkh Shupdqhqw Lqfrph K|srwkhvlv dqg Frqvxpswlrq Gxudelolw|= Dqdo0

|vlv edvhg rq Mdsdqhvh Sdqho Gdwd1% Txduwhuo| Mrxuqdo ri Hfrqrplfv1 433=7/ ss143;6044461

Kxeedug/ Johqq/ Mrqdwkdq Vnlqqhu dqg Vwhskhq ]hoghv1 4<<71 _Wkh Lpsruwdqfh ri Suhfdxwlrqdu|

Prwlyhv lq H{sodlqlqj Lqglylgxdo dqg Djjuhjdwh Vdylqj1% Fduqhjlh0Urfkhvwhu Frqihuhqfh

Vhulhv rq Sxeolf Srolf|1 73= Mxqh/ ss1 8<04581

��~/ ��/ ��~1 4<<81 _Suhfdxwlrqdu| Vdylqj dqg Vrfldo Lqvxudqfh1% Mrxuqdo ri Srolwlfdo

Hfrqrp|1 436/ ss1 6930<<1

Nlqj/ J1 U1/ dqg D1 Z1 Orjxh1 4<;:1 _Fkrlfh lq d Vhoi0Frqwuro Sdudgljp zlwk Kxpdq Vxemhfwv=

H�hfwv ri Fkdqjhryhu Ghod| Gxudwlrq1% Ohduqlqj dqg Prwlydwlrq14;/ ss1 754076;1

Nlue|/ Nulv Q1 4<<:1 _Elgglqj rq wkh Ixwxuh= Hylghqfh Djdlqvw Qrupdwlyh Glvfrxqwlqj ri Ghod|hg

Uhzdugv1% Mrxuqdo ri H{shulphqwdo Sv|fkrorj|1 459/ ss1 870:31

dqg U1 M1 Khuuqvwhlq1 4<<81 _Suhihuhqfh Uhyhuvdov Gxh wr P|rslf Glvfrxqwlqj ri Ghod|hg

Uhzdug1% Sv|fkrorjlfdo Vflhqfh1 9=5/ ss1 ;60;<1
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dqg Qlqr Q1 Pdudnrylf1 4<<81 _Prgholqj P|rslf Ghflvlrqv= Hylghqfh iru K|shuerolf

Ghod|0Glvfrxqwlqj zlwklq Vxemhfwv dqg Dprxqwv1% Rujdql}dwlrqdo Ehkdylru dqg Kxpdq Gh0

flvlrq Surfhvvhv1 97=4/ ss1 550631

Nuxvhoo/ Shu dqg Dqwkrq| D Vplwk/ Mu1 4<<<1 _Frqvxpswlrq0Vdylqjv Ghflvlrqv zlwk Txdvl0

Jhrphwulf Glvfrxqwlqj1% Plphr/ Xqlyhuvlw| ri Urfkhvwhu1

dqg 1 4<<91 _Ghod|hg0Glvfrxqwlqj Suredelolvwlf Uhzdugv Udwhv Ghfuhdvh dv Dprxqwv

Lqfuhdvh1% Sv|fkrqrplf Exoohwlq dqg Uhylhz1 6=4/ ss1 43304371

N|godqg/ Ilqq H1 dqg Hgzdug F1 Suhvfrww1 4<:: _Uxohv Udwkhu wkhq Glvfuhwlrq= Wkh Lqfrqvlvwhqf|

ri Rswlpdo Sodqv1% Mrxuqdo ri Srolwlfdo Hfrqrp| yro ;8 qr1 6 ss1 7:607<41

Odlevrq/ Gdylg L1 4<<71 _Vhoi0Frqwuro dqg Vdylqjv1% Sk1G1 glvv1/ Pdvvdfkxvhwwv Lqvwlwxwh ri

Whfkqrorj|1

��~1 4<<91 _K|shuerolf Glvfrxqwlqj/ Xqghuvdylqj/ dqg Vdylqjv Srolf|1% Zrunlqj Sdshu 89681

Fdpeulgjh/ Pdvv= Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk1

��~1 4<<:d1 _Jroghq Hjjv dqg K|shuerolf Glvfrxqwlqj1% Txduwhuo| Mrxuqdo ri Hfrqrplfv1

95=5/ ss1 77607:;1

��~1 4<<:e1 _K|shuerolf Glvfrxqw Ixqfwlrqv dqg Wlph Suhihuhqfh Khwhurjhqhlw|1% Kduydug

plphr1

��~1 4<<;1 Frpphqwv rq _Shuvrqdo Uhwluhphqw Vdylqj Surjudpv dqg Dvvhw Dffxpxodwlrq/%

e| Mdphv P1 Srwhued/ Vwhyhq I1 Yhqwl/ dqg Gdylg D1 Zlvh/ lq Vwxglhv lq wkh Hfrqrplfv ri

Djlqj1 Gdylg D1 Zlvh/ hg1 Fdpeulgjh/ Pdvv= QEHU dqg wkh Xqlyhuvlw| ri Fklfdjr Suhvv/

ss1 4390571

��~/ Dqguhd Uhshwwr dqg Mhuhp| Wredfpdq1 4<<;1 _Vhoi0Frqwuro dqg Vdylqj iru Uhwluhphqw1%

ESHD1 4/ ss1 <404<91
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��~/ ��~ dqg ��~1 53331 _D Ghew Sx}}oh1% Plphr1

Orhzhqvwhlq/ Jhrujh/ dqg Gud}hq Suhohf1 4<<51 _Dqrpdolhv lq Lqwhuwhpsrudo Fkrlfh= Hylghqfh

dqg dq Lqwhusuhwdwlrq1% Txduwhuo| Mrxuqdo ri Hfrqrplfv1 8:/ ss1 8:60<;1

Oxvdugl/ Dqqdpduld1 4<<91 _Shupdqhqw Lqfrph/ Fxuuhqw Lqfrph/ dqg Frqvxpswlrq> Hylghqfh

Iurp Wzr Sdqho Gdwd Vhwv1% Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv1 47/ ss1;40<31

Oxwwphu/ Hu}r dqg Wkrpdv Pdulrwwl1 53331 _Vxemhfwlyh Glvfrxqw Idfwruv/% plphr1

Ploodu/ D1 dqg G1 M1 Qdydulfn1 4<;71 _Vhoi0Frqwuro dqg Fkrlfh lq Kxpdqv= H�hfwv ri Ylghr Jdph

Sod|lqj dv d Srvlwlyh Uhlqirufhu1% Ohduqlqj dqg Prwlydwlrq1 48/ ss1536054;1

Pxooljdq/ Fdvh|1 4<<:1 _D Orjlfdo Hfrqrplvw*v Dujxphqw Djdlqvw K|shuerolf Glvfrxqwlqj1%

Xqlyhuvlw| ri Fklfdjr plphr1

Qdydulfn/ G1 M1 4<;51 _Qhjdwlyh Uhlqirufhphqw dqg fkrlfh lq Kxpdqv/% Ohduqlqj dqg Prwlydwlrq1

46/ ss1 69406::1

R*Grqrjkxh/ Whg dqg Pdwwkhz Udelq1 4<<<d1 _Grlqj Lw Qrz ru Odwhu1% Dphulfdq Hfrqrplf

Uhylhz1 ;<=4/ ss1 43604571

dqg 4<<<e1 _Lqfhqwlyhv iru Surfudvwlqdwruv1% Txduwhuo| Mrxuqdo ri Hfrqrplfv1 447=6/

ss1 :9<0;491

dqg 53331 _Fkrlfh dqg Surfudvwlqdwlrq1% Zrunlqj sdshu1

Sdnhv/ Dulho dqg Gdylg Sroodug1 4<;< _Vlpxodwlrq dqg wkh Dv|pswrwlfv ri Rswlpl}dwlrq Hvwlpd0

wruv1% Hfrqrphwulfd1 Yro1 8: +8,1 ss 435:08:1

Sdunhu/ Mrqdwkdq D1 4<<<1 _Wkh Uhdfwlrq ri Krxvhkrog Frqvxpswlrq wr Suhglfwdeoh Fkdqjhv lq

Vrfldo Vhfxulw| Wd{hv1% Dphulfdq Hfrqrplf Uhylhz1
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Skhosv/ H1 V1 dqg U1 D1 Sroodn1 4<9;1 _Rq Vhfrqg0ehvw Qdwlrqdo Vdylqj dqg Jdph0htxloleulxp

Jurzwk1% Uhylhz ri Hfrqrplf Vwxglhv1 68/ ss1 4;804<<1

Udqnlq/ Gherudk P1 4<<61 _Krz wr Jhw Uhdg| iru Uhwluhphqw= Vdyh/ Vdyh/ Vdyh1% Qhz \run

Wlphv1 Pdufk 46/ ss1 661

Uhdg/ Gdqlho/ Jhrujh Orhzhqvwhlq/ Vkredqd Ndo|dqdudpdq dqg Dguldq Elyrodux1 4<<91 _Pl{lqj

Yluwxh dqg Ylfh= Wkh Frpelqhg H�hfwv ri K|shuerolf Glvfrxqwlqj dqg Glyhuvl�fdwlrq1%

Zrunlqj sdshu/ Fduqhjlh Phoorq Xqlyhuvlw|1

Uxqnoh/ Gdylg1 4<<41 _Oltxlglw| Frqvwudlqwv dqg wkh Shupdqhqw0Lqfrph K|srwkhvlv= Hylghqfh

Iurp Sdqho Gdwd1% Mrxuqdo ri Prqhwdu| Hfrqrplfv1 5:=4/ ss1:60<;1

Vkdslur/ Pdwwkhz G1 dqg Mrho Vohpurg1 4<<81 _Frqvxphu Uhvsrqvh wr wkh Wlplqj ri Lqfrph=

Hylghqfh iurp d Fkdqjh lq Wd{ Zlwkkroglqj1% Dphulfdq Hfrqrplf Uhylhz1 ;8=4/ ss1 5:70;61

Vkhd/ Mrkq1 4<<81 _Xqlrq Frqwudfwv dqg wkh Olih0F|foh2Shupdqhqw Lqfrph K|srwkhvlv1% Dphul0

fdq Hfrqrplf Uhylhz1 ;8=4/ ss14;905331

Vlpprqv Pdunhw Uhvhdufk Exuhdx1 4<<91 Wkh 4<<9 Vwxg| ri Phgld dqg Pdunhwv1 Qhz \run1

Vroqlfn/ Md| Y1 hw do1 4<;31 _Dq h{shulphqwdo dqdo|vlv ri lpsxovlylw| dqg lpsxovh frqwuro lq

kxpdqv/% Ohduqlqj dqg Prwlydwlrq 44+4,/ 940::1

Vrxohohv/ Qlfkrodv1 4<<<1 _Wkh Uhvsrqvh ri Krxvhkrog Frqvxpswlrq wr Lqfrph Wd{ Uhixqgv1%

Dphulfdq Hfrqrplf Uhylhz1

Vwurw}/ Urehuw K1 4<891 _P|rsld dqg Lqfrqvlvwhqf| lq G|qdplf Xwlolw| Pd{lpl}dwlrq1% Uhylhz

ri Hfrqrplf Vwxglhv1 56/ ss1 49804;31

Wkdohu/ Ulfkdug K1 4<;41 _Vrph Hpslulfdo Hylghqfh rq G|qdplf Lqfrqvlvwhqf|1% Hfrqrplf

Ohwwhuv1 ;/ ss1 534053:1
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4<<51 _Vdylqj/ Ixqjlelolw|/ dqg Phqwdo Dffrxqwv/% lq WkhZlqqhu*v Fxuvh/ Sulqfhwrq Xql0

yhuvlw| Suhvv= Sulqfhwrq/ QM1 ss1 43:04541

��~ dqg K1 P1 Vkhiulq1 4<;41 _Dq Hfrqrplf Wkhru| ri Vhoi0Frqwuro1% Mrxuqdo ri Srolwlfdo

Hfrqrp|1 ;</ ss1 6<507431

]hoghv/ Vwhskhq S1 4<;<d1 _Frqvxpswlrq dqg Oltxlglw| Frqvwudlqwv= dq Hpslulfdo Lqyhvwljdwlrq1%

Mrxuqdo ri Srolwlfdo Hfrqrp|1 <:=5/ ss1 63806791

1 4<;<e1 _Rswlpdo Frqvxpswlrq zlwk Vwrfkdvwlf Lqfrph= Ghyldwlrqv iurp Fhuwdlqw| Htxly0

dohqfh1% Txduwhuo| Mrxuqdo ri Hfrqrplfv1 437=5/ ss1 5:80<;1


