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4 Lqwurgxfwlrq1

Wkh sulpdu| jrdo ri wkh Yhwhudqv Dgplqlvwudwlrq +YD, lv wr vhuyh doo yhwhu0

dqv/ hvshfldoo| lq wkh �hog ri khdowk fduh1 Wkh YD khdowk fduh v|vwhp zdv

hvwdeolvkhg lq 4<63/ sulpdulo| wr surylgh iru wkh uhkdeloldwlrq dqg frqwlqx0

lqj fduh ri yhwhudqv lqmxuhg gxulqj zduwlph vhuylfhv1 Dw wkdw wlph/ qhlwkhu

sxeolf qru sulydwh khdowk lqvxudqfh zhuh dydlodeoh wr phhw wkh khdowk fduh

qhhgv ri Dphulfd*v yhwhudqv1 Zlwk qhduo| vhyhq ghfdghv ri ghyhorsphqw/ YD

khdowk fduh v|vwhp kdv ehfrph rqh ri qdwlrq*v odujhvw khdowk fduh v|vwhpv/

zklfk lqfoxgh derxw 733 vhuylfh gholyhu| orfdwlrqv/ vhuylqj derxw 51< plo0

olrq ri wkh qdwlrq*v 59 ploolrq yhwhudqv/ dw d frvw ri 4< eloolrq lq 4<<;1 Lw

kdv jurzq iurp d v|vwhp sulpdulo| fryhulqj krvslwdo fduh iru yhwhudqv zlwk

zdu0uhodwhg lqmxulhv wr d v|vwhp fryhulqj d zlgh duud| ri krvslwdo dqg rwkhu

phglfdo vhuylfhv iru erwk zdu0wlph dqg shdfh0wlph yhwhudqv/ zlwk dqg zlwk0

rxw vhuylfh0frqqhfwhg glvdelolwlhv1 YD qrz kdv pxowlsoh fdwhjrulhv ri holjleoh

yhwhudqv edvhg rq d qxpehu ri idfwruv1

Lq uhfhqw |hduv/ krzhyhu/ wkh YD khdowk fduh v|vwhp kdv ehhq idflqj

vhyhudo fkdoohqjhv1 Iluvw/ lw kdv ehhq h{shulhqflqj lqfuhdvhv lq khdowk fduh

vshqglqj wkdw wkh qdwlrq dv d zkroh kdv hqfrxqwhuhg1 Wkh exgjhwdu| suhv0

vxuh uhtxluhv YD wr uxq lwv khdowk fduh v|vwhp pruh h!flhqwo| zlwk uhgxfhg

frvw1 Vhfrqg/ uhfhqw uhirupv ri wkh qdwlrq*v khdowk fduh v|vwhp dovr kdv lp0

sdfwhg wkh YD khdowk fduh v|vwhp1 Vlqfh prvw yhwhudqv qrz kdyh rqh ru

pruh dowhuqdwlyhv wr YD khdowk fduh/ YD khdowk fduh v|vwhp lv idflqj pruh

frpshwlwlrq iurp rwkhu surjudpv wkdq ehiruh1 Khdowk fduh uhirupv vxfk dv
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dgglqj suhvfulswlrq guxj fryhudjh dqg h{sdqglqj orqj0whup fduh vhuylfhv xq0

ghu Phglfduh zrxog olnho| wr fdxvh pdq| yhwhudqv wr ohdyh wkh v|vwhp xqohvv

YD ehqh�wv fkdqjh wr hqfrxudjh pruh xvh ri YD idflolwlhv1 Zlwkrxw vxfk d

fkdqjh/ YD zrxog olnho| wr orvh d odujh sruwlrq ri lwv dfxwh krvslwdo zrunordg1

Wklug/ wkh qdwlrq*v yhwhudqv* srsxodwlrq lv h{shfwhg wr ghfolqh vljql�fdqwo|

lq wkh ixwxuh1 YD hvwlpdwhv wkdw wkh yhwhudq srsxodwlrq zloo gurs wr 49

ploolrq lq 5353 ^JDR2KHKV0<;04<7`1 Vr li YD fdq qrw dwwudfw pruh sur0

sruwlrq ri yhwhudqv wr lwv khdowk fduh v|vwhp/ lwv zrunordg zloo dovr ghfuhdvh1

Wkh exgjhwdu| suhvvxuh dqg lqfuhdvlqj frpshwlwlrq iurp rwkhu khdowk fduh

surylghuv lv iruflqj YD wr uhirup dqg dgmxvw lwv khdowk fduh v|vwhp1 Vxfk

fkdqjhv lqfoxgh/ dgrswlqj qhz holjlelolw| uxoh/ hvwdeolvklqj qhz surylghu qhw0

zrunv/ vljqlqj qhz khdowk fduh vhuylfh frqwudfwv/ edodqflqj khdowk fduh vhu0

ylfhv ehwzhhq lqsdwlhqw dqg rxwsdwlhqw vhuylfhv/ hwf1 Krzhyhu/ iru uhirupv

wr eh h�hfwlyh/ YD qhhgv d ghwdlohg lqyhvwljdwlrq derxw yhwhudqv* khdowk fduh

ghpdqg wuhqgv dqg sdwwhuqv/ vxfk dv idfwruv wkdw d�hfw wkhlu ghpdqg/ ghwhu0

plqh wkhlu fkrlfhv ehwzhhq YD ru qrq0YD khdowk fduh vhuylfhv/ dqg ehwzhhq

lqsdwlhqw dqg rxwsdwlhqw vhuylfhv1 Wr eh pruh vshfl�f/ iru holjlelolw| uhirup

YD qhhgv wr nqrz wkh h�hfwv ri vxfk idfwruv dv vhuylfh0frqqhfwhg glvdelolw|/

hpsor|phqw vwdwxv dqg lqfrph ri yhwhudqv rq wkhlu khdowk fduh xwlol}dwlrq1

Iru hvwdeolvklqj qhz surylghu qhwzrunv dqg vljqlqj qhz khdowk fduh vhuylfh

frqwudfwv/ YD qhhgv wr nqrz wkh h�hfwv ri orfdwlrq dqg w|sh ri lqvxudqfh rq

yhwhudqv* khdowk fduh xvdjh1 Wr edodqfh lqsdwlhqw dqg rxwsdwlhqw vhuylfhv/

YD qhhgv wr nqrz wkh ghpdqg wuhqgv ri lqsdwlhqw dqg rxwsdwlhqw vhuylfhv/

dqg wkh idfwruv wkdw d�hfw yhwhudqv* lqsdwlhqw dqg rxwsdwlhqw vhuylfh ghpdqg1
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Hpslulfdo dqdo|vlv ri txhvwlrqv olnh wkhvh lv wkh pdlq sxusrvh ri wklv sdshu1

Pruh vshfl�fdoo|/ zh zloo �uvw dqdo|}h yhwhudqv* ghpdqg iru khdowk fduh/

dqg wkh pdlq idfwruv wkdw ghwhuplqh yhwhudqv* khdowk fduh xwlol}dwlrq1 Vhf0

rqg/ zh zrxog olnh wr dqdo|}h zk| prvw yhwhudqv fkrrvh qrq0YD khdowk fduh

idflolwlhv lqvwhdg ri YD khdowk fduh idflolwlhv1 Zkdw fkdudfwhulvwlfv glvwlqjxlvk

wkh YD iurp wkh qrq0YD xvhuvB Iru vwxg|lqj wkh khdowk fduh idflolw| fkrlfhv/

zh zloo xvh d elyduldwh surelw prgho1 Iru khdowk fduh xwlol}dwlrq/ lqfoxglqj

rxwsdwlhqw ylvlwv dqg lqsdwlhqw dgplvvlrqv/ frxqw gdwd prghov zloo eh xwlol}hg1

D qxpehu ri vwxglhv kdyh ehhq grqh lq wkh �hog ri khdowk fduh xwlol}d0

wlrq xvlqj frxqw gdwd prghov1 Fdphurq dqg Wulyhgl +4<;;, ghyhorshg d pl0

furhfrqrphwulf prgho iru lqwhughshqghqw ghpdqg iru khdowk lqvxudqfh dqg

khdowk fduh xvlqj Dxvwudoldq vxuyh| gdwd1 Srkophlhu dqg Xoulfk +4<<8, xvhg

wkh qhjdwlyh elqrpldo kxugoh prgho dqg hpslulfdoo| dqdo|}hg dpexodwru|

vhuylfh ghpdqg edvhg rq d furvv0vhfwlrq ri wkh Zhvw Jhupdq Vrflrhfrqrplf

Sdqho1 Jxupx +4<<:, lqwurgxfhg d vhpl0sdudphwulf hvwlpdwlrq phwkrg iru

kxugoh +wzr0sduw, frxqw uhjuhvvlrq prgho wr dqdo|}h lqglylgxdo0ohyho Phglfdlg

xwlol}dwlrq gdwd1 Zlqgphlmhu dqg Vloyd +4<<:, glvfxvvhg wkh JPP hvwlpd0

wlrq whfkqltxh iru frxqw gdwd prghov zlwk hqgrjhqhlw|/ dqg xwlol}hg gdwd iurp

Eulwlvk Khdowk dqg Olih0vw|oh Vxuyh| 4<<404<<5 lq h{sodlqlqj wkh qxpehu ri

grfwru ylvlwv / wdnlqj vhoi0uhsruwhg khdowk frqglwlrq dv hqgrjhqrxv1 Doo wkhvh

vwxglhv duh xvhixo wr xv lq wkdw wkh| surylgh xvhixo phwkrgv wr fkrrvh iurp

dqg uhvxowv wr eh frpsduhg zlwk1 Lq wklv sdshu/ zh dqdo|}h wkh khdowk fduh

xwlol}dwlrq ri d yhu| vshfldo jurxs ri shrsoh �wkh Dphulfdq yhwhudqv1 Rxu

hvwlpdwhv duh edvhg rq d 4<<5 XV vxuyh| gdwd ri 44978 yhwhudqv wkdw zhuh
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dydlodeoh hduo| lq 4<<71

Uhvhdufk rq wkh khdowk fduh xwlol}dwlrq ri yhwhudqv lv frpsdudwlyho| vfdqw1

D vwxg| uhsruw iurp Jhqhudo Dffrxqwlqj R!fh ^JDR2 KHKV0<8046` dqd0

o|}hg wkh xvh ri YD khdowk fduh vhuylfhv e| Phglfduh0holjleoh yhwhudqv/ wkdw

lv/ wkh h�hfw ri Phglfduh lqvxudqfh rq wkh xvdjh ri YD khdowk fduh vhuylfhv

e| yhwhudqv1 Dqrwkhu JDR sdshu ^JDR2KHKV0<9046` dqdo|}hg krz wkh

glvwdqfh d yhwhudq olyhv iurp d YD krvslwdo ru rxwsdwlhqw folqlf d�hfwv klv2khu

xvh ri YD khdowk fduh vhuylfhv1 Urphlv hw do1 +4<;;, dqdo|}hg roghu yhwhudqv*

ixwxuh xvh ri YD khdowk fduh vhuylfhv1 Kr� dqg Urvhqkhfn +4<<;, h{dplqhg

zkhwkhu ihpdoh yhwhudqv gl�huhg iurp pdoh yhwhudqv rq wkh olnholkrrg ri xv0

lqj dq| YD khdowk fduh idflolwlhv1 D vshfldo lvvxh ri Phglfdo Fduh +Yro16:/

Qr17/ 4<<<, lqfoxgh vhyhudo duwlfohv rq wkh frvw dqg hfrqrplf dqdo|vlv lq yhw0

hudqv* khdowk fduh idflolwlhv1 Krzhyhu wkhvh sdshuv h{dplqhg wkh h�hfw ri

rqo| rqh ru wzr idfwruv rq yhwhudqv* khdowk fduh xvdjh1 Lq rxu dqdo|vhv/ zh

zloo frpsuhkhqvlyho| h{dplqh wkh h�hfwv ri pdq| srvvleoh hohphqwv wkdw pd|

d�hfw yhwhudqv* khdowk fduh xwlol}dwlrq dqg khdowk fduh idflolw| fkrlfhv lq d

pxowlyduldwh iudphzrun1

Wkh rxwolqh ri wkh sdshu lv dv iroorzv1 Vhfwlrq 5 ghvfulehv wkh vxuyh|

gdwd/ jlyhv wkh gh�qlwlrqv ri yduldeohv dqg wkhlu ghvfulswlyh vwdwlvwlfv1 Vhf0

wlrq 6 suhvhqwv hvwlpdwlrq uhvxowv/ lqfoxglqj kxugoh prgho hvwlpdwlrq uhvxowv

ri yhwhudq*v ghpdqg iru lqsdwlhqw dgplvvlrqv dqg rxwsdwlhqw ylvlwv/ dqg d el0

yduldwh surelw prgho hvwlpdwlrq uhvxowv ri zk| pruh yhwhudqv fkrrvh qrq0YD

khdowk fduh idflolwlhv udwkhu wkdq YD idflolwlhv1 Vhfwlrq 7 frqwdlqv wkh pdlq

frqfoxvlrqv wkdw fdq eh gudzq iurp wklv vwxg|1
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5 Wkh Vxuyh| Gdwd

Wkh gdwd lv iurp wkh Qdwlrqdo Vxuyh| ri Yhwhudqv+QVY4<<5,1 Wkh QVY zdv

frqgxfwhg lq 4<<61 Wkh vxuyh| gdwd �oh lqfoxghv lqirupdwlrq rq yhwhudqv*

plolwdu| h{shulhqfh/ ghprujudsklfv/ khdowk vwdwxv/ xvh ri phglfdo ehqh�wv/

xvh ri frpshqvdwlrq dqg shqvlrqv/ xvh ri rwkhu YD surjudpv dqg lqfrph1

Wkh vdpsoh srsxodwlrq lv 44978/ 885< kdg ehhq vhohfwhg iurpUGG +Udqgrp0

Gljlw0Gldolqj, dqg 9449 iurp YD �ohv ri yhwhudqv zkr uhfhlyh frpshqvdwlrq

dqg shqvlrq/ ru xvhg phglfdo idflolwlhv ehiruh +Iru ghwdlohg ghvfulswlrq ri wklv

vxuyh|/ vhh ^8`,1 Wkh pdlq yduldeohv wkdw zloo eh xvhg lq rxu hpslulfdo dqdo|vlv

lv qrz suhvhqwhg1

�Vhoi0dvvhvvphqw ri jhqhudo khdowk1

Zkhq frpsdulqj wkhlu jhqhudo khdowk zlwk shrsoh ri wkhlu rzq djh/ 57(

ri yhwhudqv udwh wkhlu rzq khdowk dv h{fhoohqw/ 5;17 ( dv yhu| jrrg/ 5916

( dv jrrg/ 461< ( dv idlu/ :17 ( dv srru1 Ihzhu roghu yhwhudqv ylhz wkhlu

khdowk dv h{fhoohqw ru yhu| jrrg wkdq |rxqjhu yhwhudqv hyhq lq frpsdulvrq

wr shrsoh ri wkhlu rzq djh1 Yhwhudqv zkr duh |rxqj/ zklwh/ gr qrw kdyh d

vhuylfh0frqqhfwhg glvdelolw|/ kdyh d |hduo| suh0wd{ idplo| lqfrph lq h{fhvv ri

'73/333/ ru kdyh dw ohdvw d froohjh ghjuhh duh prvw dsw wr uhsruw wkhlu khdowk

dv h{fhoohqw1

�Phglfdo fduh ri 4<<5 yhwhudqv1

Doo yhwhudqv duh holjleoh iru wuhdwphqw dw YD phglfdo idflolwlhv1 Krzhyhu/

sd|phqw dqg dydlodelolw| ri fduh ydulhv ghshqglqj rq wkh w|sh ri wuhdwphqw

qhhghg/ wkh �qdqfldo vlwxdwlrq ri wkh yhwhudq/ dqg zkhwkhu ru qrw wkh yhwhudq
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kdv d vhuylfh0frqqhfwhg glvdelolw| ru uhfhlyh d orz lqfrph YD shqvlrq1 Wkh

ghjuhh ri glvdelolw| lv d idfwru lq wuhdwphqw frvw dqg wuhdwphqw sulrulw|1

Lq 4<<5/ 871; ( ri doo yhwhudqv uhfhlyhg vrph nlqg ri phglfdo fduh1 Ri

wkrvh uhtxlulqj fduh/ :;1; ( uhfhlyhg rqo| rxwsdwlhqw fduh dqg wkh uhpdlqghu

uhfhlyhg vrph w|sh ri lqsdwlhqw fduh1 Dprqj yhwhudqv uhtxlulqj vrph w|sh ri

fduh rqo| 43( xvhg YD idflolwlhv/ dqg <3( xvhg qrq0YD idflolwlhv1 Ri wkh 43 (

ri yhwhudqv zkr uhfhlyhg fduh lq YD idflolwlhv/ 819( uhfhlyhg fduh h{foxvlyho|/

dqg 717 ( uhfhlyhg erwk YD dqg qrq0YD fduh1

Vhuylfh0frqqhfwhg glvdelolw| vwdwxv dovr ghwhuplqhv d yhwhudq*v phglfdo

vhuylfh xvdjh wr d juhdw h{whqw1 Ri wkrvh yhwhudqv zlwk vhuylfh0frqqhfwhg

+VF, glvdelolw|/ :41< ( xvhg phglfdo idflolwlhv lq 4<<5/ zkloh rqo| 851: ( ri

wkh qrq0VF yhwhudqv uhtxluhg phglfdo vhuylfhv1 Fohduo| djh lv dq lpsruwdqw

idfwru lq wkh qhhg iru phglfdo fduh1 Dv Wdeoh 4 vkrzv/ dv yhwhudqv jhw rog/

wkh| duh pruh olnho| wr uhtxluh khdowk fduh vhuylfhv/ dqg wkh fduh vhuylfhv

lv olnho| wr eh lqsdwlhqw vhuylfh1 Ihpdoh yhwhudqv vhhp wr xvh khdowk fduh

v|vwhp pruh riwhq wkdq pdohv/ exw wkh gl�huhqfh olhv pdlqo| lq wkh uhfhlsw

ri rxwsdwlhqw wuhdwphqw1 Yhwhudqv kdylqj pruh hgxfdwlrq ru kljkhu idplo|

lqfrph xvhg pruh rxwsdwlhqw fduh wkdq wkh rwkhuv1 Klvsdqlfv duh vrphzkdw

ohvv olnho| wr kdyh xvhg dq| w|sh ri khdowk fduh vhuylfhv wkdq wkh rwkhu wkuhh

udfldo jurxsv1

�Wkh vrxufh ri khdowk fduh1

Dv vkrzq ehiruh/ pruh yhwhudqv jhw qhhghg phglfdo fduh iurp qrq0YD

phglfdo idflolwlhv wkdq iurp YD idflolwlhv1 Lq wkh iroorzlqj/ zh zloo wdnh d

orrn dw vrph lpsruwdqw idfwruv wkdw ghwhuplqh yhwhudqv* fkrlfh ri YD yv1

:



qrq0YD khdowk fduh idflolwlhv1 Lqsdwlhqw dqg rxwsdwlhqw xvdjh zloo eh dqd0

o|}hg vhsdudwho|1 Shrsoh zkr xvhg erwk w|shv ri idflolwlhv duh lqfoxghg lq wkh

lqsdwlhqw jurxs1

YD lqsdwlhqw xvhuv=

Dv vkrzq lq wkh Wdeoh 9/ yhwhudqv zlwk vhuylfh0frqqhfwhg glvdelolwlhv duh

pruh olnho| wr xvh YD lqsdwlhqw vhuylfhv wkdq wkrvh zlwkrxw glvdelolwlhv1 D

wrwdo ri 5619 ( ri VF yhwhudqv qhhglqj lqsdwlhqw vhuylfhv lq 4<<5 xvhg YD

idflolwlhv/ irxu wlphv wkh udwh ri 918 ( YD xvdjh iru wkrvh zlwkrxw VF1

D vhfrqg suhglfwru ri xvdjh lv wkh khdowk vwdwxv ri xvhuv1 Wkrvh zkr

frqvlghu wkhpvhoyhv wr eh lq srruhu khdowk duh pruh olnho| wr xvh YD idflolwlhv1

Rqo| ;18 ( ri doo lqsdwlhqw xvhuv* vhoi0dvvhvvhg khdowk frqglwlrq zdv jrrg/ ru

ehwwhu/ zkloh 4<1; ( zdv �idlu� dqg 6716 ( lq �srru� khdowk1

Ghprjudsklfv vhhp wr dffrxqw iru vrph yduldwlrq lq lqsdwlhqw xvdjh sdw0

whuqv1 Yhwhudqv* xvh ri YD lqsdwlhqw idflolwlhv ghfuhdvhg dv wkhlu lqfrphv

lqfuhdvhg1 Iru h{dpsoh/ ryhu 77( ri yhwhudqv zlwk lqfrphv xqghu ' 43/333

uhfhlyhg lqsdwlhqw fduh iurp YD frpsduhg zlwk 518 ( ri wkrvh zlwk lqfrph

ryhu '83/3331 Pdoh/ Eodfnv dqg Klvsdqlfv/ dqg wkrvh zlwk ohvv irupdo hgx0

fdwlrq zhuh dovr pruh olnho| wr xvh YD idflolwlhv iru wkhlu lqsdwlhqw fduh lq

4<<51

YD Rxwsdwlhqw Xvhuv=

Vlplodu wr lqsdwlhqw xvh/ yhwhudqv zlwk VF duh dovr pruh olnho| wr xvh YD

rxwsdwlhqw idflolwlhv wkdq wkrvh zlwkrxw VF1 Wkrvh zlwk srru vhoi0udwhg khdowk

xvhg YD rxwsdwlhqw idflolwlhv pruh riwhq dv zhoo1 Orzhu lqfrph/ pdoh/ ohvv

irupdo hgxfdwlrq dqg ehlqj eodfn duh doo lqglfdwruv ri kljkhu YD rxwsdwlhqw

;



vhuylfh xvh1

Wkh vlplodulw| ri uhvxowv ehwzhhq lqsdwlhqw dqg rxwsdwlhqw vhuylfh xvdjh

vxjjhvwv d frpprq shuvshfwlyh dqg frpprq ghwhuplqdqwv ri erwk w|shv ri

phglfdo vhuylfh xvh1 Yhwhudqv vhhp wr eh lqfolqhg wr xvh ru qrw xvh wkh v|vwhp

iru vlplodu vhwv ri uhdvrqv1 Wkh vwurqj uhodwlrqvkls ehwzhhq lqfrph rq wkh

rqh kdqg/ dqg udfh dqg hgxfdwlrq rq wkh rwkhu/ vxjjhvwv wkdw lqfrph pd|

eh wkh prvw lpsruwdqw vlqjoh idfwru lq wkh fkrlfh ri YD khdowk fduh idflolwlhv1

Wkh vxuyh| uhvxowv dovr vkrz wkdw frvw lv wkh prvw iuhtxhqwo| uhdvrq flwhg

e| yhwhudqv iru fkrrvlqj d YD krvslwdo iru lqsdwlhqw fduh1 Ryhu 4<( flwhg

frvw dv d uhdvrq iru fkrrvlqj d YD krvslwdo/ zkloh ohvv wkdq 4 ( flwhg frvw dv

d uhdvrq iru fkrrvlqj sulydwh ru sxeolf krvslwdov1

Yhwhudqv zkr xvhg YD idflolwlhv zhuh dovr ohvv olnho| wkdq xvhuv ri qrq0YD

idflolwlhv wr kdyh rwkhu irup ri khdowk lqvxudqfh1 Lq rxu dqdo|vlv/ yhwhudqv duh

glylghg lqwr irxu lqvxudqfh jurxsv= wkrvh zlwk sulydwh fryhudjh rqo|/ wkrvh

zlwk sxeolf lqvxudqfh rqo|/ wkrvh fryhuhg e| erwk w|shv ri srolfhv/ dqg wkrvh

zlwk qr lqvxudqfh fryhudjh1 Lq rxu vdpsoh/ doprvw kdoi ri yhwhudqv xqghu 58

kdyh qr lqvxudqfh1 Krzhyhu/ dv djh lqfuhdvh vr grhv wkh suredelolw| wkdw wkh

yhwhudq zloo eh fryhuhg e| sxeolf lqvxudqfh1 Dprqj yhwhudqv 98 dqg ryhu/

derxw <6 shufhqw duh fryhuhg hqwluho| ru sduwo| e| sxeolf lqvxudqfh+prvwo|

Phglfduh,/ 516 shufhqw duh fryhuhg e| sulydwh lqvxudqfh rqo|/ 619 shufhqw

kdyh qr lqvxudqfh fryhudjh/ dqg 31< shufhqw zlwk xqnqrzq w|sh ri fryhudjh1

Wkh pdmrulw| ri yhwhudqv ehwzhhq 58 dqg 98 kdyh sulydwh lqvxudqfh srolflhv

jhqhudoo| rewdlqhg wkurxjk wkhlu hpsor|phqw1 Yhwhudqv* xvh ri YD idflolwlhv

lv dovr lq xhqfhg e| wkh glvwdqfh wkh| kdyh wr wudyho wr ylvlw wkh idflolwlhv1

<



Wkh gh�qlwlrq ri yduldeohv xvhg lq rxu dqdo|vhv dqg wkhlu phdqv duh jlyhq

lq Wdeoh 441 Iljxuhv 4 dqg 5 looxvwudwh vrph ihdwxuhv ri yhwhudqv* lqsdwlhqw

dqg rxwsdwlhqw xwlol}dwlrq1

6 Pxowlyduldwh Dqdo|vlv1

Wklv vhfwlrq lqfoxghv wzr vxe0vhfwlrqv1 Lq wkh �uvw vxevhfwlrq/ zh zloo suhvhqw

frxqw gdwd hvwlpdwlrq uhvxowv iru yhwhudqv* khdowk fduh ghpdqg/ lqfoxglqj wkh

qxpehu ri lqsdwlhqw dgplvvlrqv dqg rxwsdwlhqw ylvlwv1 Zh hvwlpdwhg Srlvvrq/

QE5 ^fi1 Fdphurq hw do1 +4<;;/ 4<<;,/ Jxupx +4<<:,/ Zlqnhopdqq hw1 do

+4<<8, ` dqg wkh QE5 kxugoh prghov/ exw rqo| QE5 kxugoh hvwlpdwlrq uhvxowv

zloo eh uhsruwhg khuh vlqfh lw zdv irxqg wr eh pruh vxshulru wr wkh rwkhu

wzr e| OU whvwv ^fi1 Fdphurq dqg Wulyhgl +4<<;,/ Srkophlhu hw1 do +4<<8,`1

Lq wkh vhfrqg vxevhfwlrq/ zh zloo hvwlpdwh d elyduldwh surelw prgho/ dqg

lghqwli| idfwruv wkdw d�hfw yhwhudqv* khdowk fduh idflolw| fkrlfh ehwzhhq YD

dqg Qrq0YD1

Xs wr wklv srlqw/ zh qhhg wr dgguhvv wkh wkhruhwlfdo irxqgdwlrq rq zklfk

rxu prgho dqg yduldeohv vhohfwlrq lv edvhg1

Fdphurq hw do1 +4<;;, ghulyhg d ghpdqg ixqfwlrq iru phglfdo fduh vhuylfhv

e| xvlqj d wzr0shulrg xwlolw| pd{lpl}dwlrq1 Vxssrvh d frqvxphu zlwk d wzr0

shulrg xwlolw| ixqfwlrq gh�qhg e| L d�fc ��Er�c MEic rm�c��oczkhuh � ghqrwhv

frqvxpswlrq dqg M ghqrwhv khdowk phdvxuhg dv lqfrph htxlydohqw1 L dqg

M duh erwk lqfuhdvlqj lq wkhlu dujxphqwv1 Wkh vxevfulswv 3 dqg 4 uhihu

uhvshfwlyho|/ wr wkh fxuuhqw dqg ixwxuh shulrgv/ r wr wkh xqfhuwdlq khdowk
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vwdwh rq zklfk zloo ghshqg wkh ghpdqg iru khdowk fduh vhuylfhv ghqrwhg e|

N0glphqvlrqdo yhfwru i� � uhihuv wr wkh yhfwru ri frqvxphu*v dwwulexwhv ru

fkdudfwhulvwlfv/ dqg � wr wkh yhfwru ri dwwulexwhv ri wkh lqvxudqfh srolf|1

MEic rm�c�� pd| eh uhjdughg dv wkh khdowk surgxfwlrq ixqfwlrq zlwk lqsxwv

i lq vwdwh r� Vlqfh r lv xqnqrzq zkhq fkrrvlqj lqvxudqfh srolf|/ wkh| xvhg

vwrfkdvwlf xwlolw| pd{lpl}dwlrq vxemhfw wr exgjhwv frqvwudlqwv1 Diwhu vrph

dvvxpswlrqv dqg ghulydwlrqv/ wkh| jhw wkh ghpdqg iru wkh n0wk phglfdo vhuylfh

e& dv wkh irup ri

.de&Er�o ' i TEf �q& n
a[

�'�

#�&(� n 0&�

zkhuhf lv frqvxphu*v dwwulexwhv/ lqfoxglqj lqfrph/ khdowk frqglwlrq hwf1/

dqg (� lv dq lqvxudqfh gxpp| yduldeoh1

Jrrgpdq hw do1 +4<<6, vxjjhvwhg wkh iroorzlqj ghpdqg ixqfwlrq iru sk|vl0

fldq ylvlwv diwhu d wkhruhwlfdo frqvxphu fkrlfh dqg ghpdqg dqdo|vlv1

T ' sE�c oc |c �fc tcM7c�C.c.(����

zkhuh � lv wkh sulfh shu ylvlw/ o lv wkh sdwlhqw*v frlqvxudqfh udwh/ �f lv

wkh sulfh ri rwkhu jrrgv/ t lv d phdvxuh ri lqfrph/ | lv d wlph sulfh/ M7

lv wkh sdwlhqw*v khdowk vwdwxv/ dqg �C. dqg .( uhsuhvhqw yduldeohv vxfk dv

djh dqg hgxfdwlrq wr uh hfw rwkhu qhhg dqg wdvwh idfwruv1

Edvlfdoo| zh edvhg rq wkhvh wzr wkhruhwlfdo prghov wr vhohfw rxu yduldeohv

dqg prghov iru phglfdo vhuylfh ghpdqg1
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614 Hvwlpdwlrq Uhvxowv iurp Wzr0Vwdjh Kxugoh Prg0

hov1

61414 Prgho Ghvfulswlrq

Wkh frxqw gdwd kxugoh prgho lv d prgl�fdwlrq ri d vlpsoh frxqw gdwd prgho1

Wkh kxugoh prgho dvvxphv wkdw wkh vwdwlvwlfdo surfhvv jryhuqlqj lqglylgxdov

zlwk }hur frxqwv dqg lqglylgxdov zlwk rqh ru pruh frxqwv fdq eh gl�huhqw1

Lw lv frpsrvhg ri d glfkruwrprxv prgho iru wkh frxqw ehlqj }hur ru srvlwlyh

dqg d cwuxqfdwhg dw }hur* prgho iru vwulfwo| srvlwlyh rxwfrphv1 Lq wkh �uvw

vwdjh/ wkh lqglylgxdo ghflghv zkhwkhu ru qrw wr frqvxph/ dqg frqglwlrqdo rq

d srvlwlyh ghflvlrq/ lq wkh vhfrqg vwdjh kh ghflghv rq wkh txdqwlw|1 Pruhryhu/

wkh kxugoh prgho lv qrw vxemhfw wr wkh uhvwulfwlrq ri lqghshqghqfh ri hyhqwv

dv lq wkh Srlvvrq prgho1 E| dffrxqwlqj iru wkh kxugoh dqg xvlqj d wuxqfdwhg

glvwulexwlrq dw wkh vhfrqg vwdjh/ wkh lqghshqghqfh surshuw| ri wkh Srlvvrq

prgho lv dyrlghg> lq rwkhu zrugv/ wkh qxpehu ri frxqwv lq d vxelqwhuydo lv qr

orqjhu lqghshqghqw ri wkh qxpehu ri frxqwv sulru wr wklv lqwhuydo1

Iru wkh fdvh ri khdowk fduh xwlol}dwlrq/ wkh ghflvlrq rq zkhwkhu wr xvh dqg

wkh ghflvlrq rq wkh iuhtxhqf| ri xvdjh pd| eh edvhg rq gl�huhqw ghflvlrq

pdnlqj surfhvvhv1 Jhqhudoo| wkh sdwlhqw lv uhvsrqvleoh iru pdnlqj wkh lqlwldo

ghflvlrq/ zkloh idfwruv iurp wkh vxsso| vlgh vxfk dv lqvxudqfh/ glvwdqfh wr

khdowk fduh idflolw|/ sk|vlfldq dqg wkh surylghuv* vhuylfh txdolw| pd| d�hfw

wkh vxevhtxhqw xvdjh ghflvlrq1 Wklv pdnhv wkh kxugoh prgho dssursuldwh wr

ghvfuleh vxfk gdwd1

Dvvxph wkdw erwk s� dqg s2 duh dq| suredelolw| glvwulexwlrq ixqfwlrqv iru

qrq0qhjdwlyh lqwhjhuv1 Li s� jryhuqv wkh kxugoh sduw dqg s2 wkh surfhvv rqfh
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wkh kxugoh kdv ehhq sdvvhg/ wkh suredelolw| glvwulexwlrq ri wkh kxugoh prgho

lv jlyhq e|=

� Et ' f� ' s�Ef� +4,

� Et ' +� ' s2E+�
�� s�Ef�

�� s2Ef�
' xs2E+�c + ' �c 2c ���� +5,

� � s�Ef� lv wkh suredelolw| ri furvvlqj wkh kxugoh/ dqg � � s2Ef� lv wkh

wuxqfdwlrq qrupdol}dwlrq iru s2� Li x ' �c wkh kxugoh prgho froodsvhv wr wkh

vwdqgdug frxqw gdwd prgho1

Wkh kxugoh prgho fdq eh vshfl�hg lq ydulrxv zd|v e| fkrrvlqj gl�huhqw

suredelolw| glvwulexwlrqv ri s� dqg s21 Iru wkh Srlvvrq kxugoh frqvlghuhg e|

Pxoodk| +4<;9,/ ohw +� E� ' �c 2c ���?� ghqrwh wkh frxqw gdwd ri lqwhuhvw/ vxfk

dv wkh qxpehu ri grfwru ylvlwv/ %� eh d +R�� , yhfwru ri h{sodqdwru| yduldeohv/

dqg b� wkh sdudphwhu ri Srlvvrq glvwulexwlrq1 Wkhq zh kdyh=

� Et ' +� ' f� ' i TE�b���b
+�
��*+�- ' i TE�b��� +6,

�� � E+� ' f� '
[
+�:f

� E+�� ' �� i TE�b��� +7,

dqg

� E+�m+� : f� ' b+�
2�*idi TEb2��� �o+�-jc +� ' �c 2c ��� +8,

Sdudphwhul}lqj b�� ' i TE%�

�q�
�c b2� ' i TE%�

�q2
�c zh fdq pd{lpl}h wkh

olnholkrrg ixqfwlrq dqg hvwlpdwh q
�
dqg q

2�
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Iru wkh QE5 kxugoh vshfl�fdwlrq ^fi1 Fdphurq dqg Wulyhgl +4<<;/ Fk7,`/

zh kdyh=

� Et ' +� ' f� '

#
�*k�

)
�� n �*k�

$�*k�

'

#
�

k�)�� n �

$�*k�

+9,

�� � E+� ' f� '
[
+�:f

� E+�� ' ��

#
�

k�)�� n �

$�*k�

+:,

� E+�m+� : f� '
KE+� n k3�

2 �

KEk3�

2 �KE+� n ��

�

E� n k2)2��
�*k2 � �

#
)
2�

)
2� n k3�

2

$+�

+;,

Sdudphwhul}lqj )
�� ' i TE%�

�q�
�c )

2� ' i TE%�

�q2
�czh fdq pd{lpl}h wkh

olnholkrrg ixqfwlrq dqg hvwlpdwh wkh sdudphwhuv1 Qrwh wkdw htxdwlrqv +6, dqg

+9, jlyh wkh suredelolwlhv ri }hur frxqwv/ htxdwlrqv +7, dqg +:, jlyh wkh sure0

delolwlhv wkdw wkh wkuhvkrog lv furvvhg/ dqg +8, dqg +;, jlyh wkh suredelolwlhv

ri d qrq0}hur frxqw jlyhq wkdw wkh wkuhvkrog kdv ehhq furvvhg1

Wkh uhdvrq wkdw zh fkrvh QE5 vshfl�fdwlrq lv dovr ehfdxvh lw kdv d qxp0

ehu ri vshfldo ihdwxuhv qrw vkduhg e| rwkhu prghov lq wklv fodvv1 Lw lv d phpehu

ri OHI iru vshfl�hg k� Vr POH ri QE5 lv urexvw wr glvwulexwlrq plvvshfl�0

fdwlrq1 Wkxv/ dv orqj dv wkh frqglwlrqdo phdq lv fruuhfwo| vshfl�hg/ POH ri

QE5 lv frqvlvwhqw iru q� Krzhyhu/ wkh dvvrfldwhg vwdqgdug huuruv ri wkh POH

jhqhudoo| zloo eh lqfrqvlvwhqw li wkhuh lv dq| glvwulexwlrqdo plvvshfl�fdwlrq1

Lq wklv fdvh/ zh fdq xvh wkh Vdqgzlfk hvwlpdwru irup iru wkh yduldqfh pdwul{

^uhihu Zklwh +4<;5,/ Fdphurq +4<<;, Fk5`1
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61415 Hqgrjhqhlw| Whvw

Jlyhq wkh suhylrxv olwhudwxuh/ zh vxvshfw wkdw h{sodqdwru| yduldeohv vxfk

dv wkh vhoi0uhsruwhg khdowk vwdwxv/ idplo| lqfrph dqg lqvxudqfh pd| eh hq0

grjhqrxv1 Wr whvw wkh hqgrjhqhlw| ri vrph ri wkh h{sodqdwru| yduldeohv/

zh xwlol}hg d Kdxvpdq0w|sh whvw1 Jurjjhu +4<<3, dqg Zlqgphlmhu hw1 do

+4<<:, kdyh glvfxvvhg krz wr lpsohphqw wklv whvw iru glvfuhwh dqg frxqw gdwd

prgho1 Edvlfdoo|/ wzr hvwlpdwhv duh qhhghg�rqh vkrxog eh frqvlvwhqw xqghu

hqgrjhqhlw|/ wkh rwkhu vkrxog eh frqvlvwhqw dqg h!flhqw xqghu wkh qxoo +h{0

rjhqhlw|,1 Iru wkh �uvw rqh/ zh fdq xvh qrq0olqhdu lqvwuxphqwdo +ru JPP,

hvwlpdwh1 Iru wkh vhfrqg rqh/ PO hvwlpdwh fdq eh fkrvhq1 Wkh whvw vwdwlvwlf

lv

� ' E��uUT � ��u�
�

dT E��uUT �� T E��u�o
3�E��uUT � ��u�

zkhuh ��

�r duh wkh hvwlpdwhg frh!flhqwv ri wkh vxvshfwhg hqgrjhqrxv ydul0

deohv dqg T E��� lv wkh hvwlpdwhg yduldqfh +ru fryduldqfh pdwul{, ri ��1 Xqghu

wkh qxoo/ � � �2E��� Wkh lqvwuxphqwv xvhg iru vhoi0uhsruwhg khdowk duh= djh/

hgxfdwlrq/ hpsor|phqw vwdwxv/ vrph gldjqrvwlf frqglwlrqv/ pdulwdo vwdwxv

dqg krph rzqhuvkls/ zkloh lqvwuxphqwv iru lqfrph dqg sulydwh lqvxudqfh

zhuh= djh/ hgxfdwlrq/ hpsor|phqw vwdwxv/ udfh dqg krph rzqhuvkls1 Djh/

hpsor|phqw vwdwxv/ krph rzqhuvkls duh vljql�fdqw lq h{sodlqlqj wkh wkuhh

vxvslflrxv yduldeohv dv lqvwuxphqwv1 Krzhyhu/ zh zloo vhh ehorz wkdw wkh|

duh qrw vljql�fdqw lq wkh rxwsdwlhqw dqg lqsdwlhqw xwlol}dwlrq htxdwlrqv1 Lq

rwkhu zrugv/ wkh| h{sodlq khdowk fduh xwlol}dwlrqv rqo| wkurxjk lqvxudqfh/

lqfrph ru khdowk vwdwxv1 Wkh frpsxwhg whvw vwdwlvwlfv duh olvwhg lq Wdeoh 451
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Zh fdq vhh wkdw dw wkh 8( ohyho wkh h{rjhqhlw| ri vhoi0udwhg khdowk vwdwxv/

lqfrph dqg lqvxudqfh duh qrw uhmhfwhg lq hlwkhu wkh lqsdwlhqw ru wkh rxwsd0

wlhqw htxdwlrqv14 Zlqgphlmhu hw1 do +4<<:, dovr uhmhfwhg wkh hqgrjhqhlw| ri

vhoi0uhsruwhg khdowk lq h{sodlqlqj wkh qxpehu ri grfwru ylvlwv xvlqj Kdxvpdq

whvw1 Fdphurq hw1 do +4<;;, whvwhg wkh h{rjhqhlw| ri lqvxudqfh lq ghwhuplqlqj

ydulrxv khdowk fduh xwlol}dwlrqv/ dqg irxqg wkdw wkh qxoo zdv uhmhfwhg lq vrph

fdwhjrulhv exw dffhswhg lq wkh rwkhuv1 Gz|hu dqg Plwfkhoo +4<<<, irxqg wkdw

vhoi0udwhg khdowk lv qrw hqgrjhqrxv lq wkhlu oderu vxsso| htxdwlrq1 Wkh h{r0

jhqhlw| ri wkh sulydwh khdowk lqvxudqfh fdq eh h{sodlqhg e| wkh idfw wkdw wkh

lqvxudqfh fryhudjh lv prvwo| ghwhuplqhg e| zrunlqj mre vwdwxv lq wkh oderu

pdunhw1 Dv wdeoh 43 vkrzv/ :917 shufhqw ri doo ixoo0wlph hpsor|hg yhwhudqv

kdyh sulydwh lqvxudqfh � pruh wkdq wzlfh wkh udwh iru dq| rwkhu jurxs1

61416 Hvwlpdwlrq Uhvxowv

Wdeoh 46 suhvhqwv wkh uhvxowv ri QE5 kxugoh hvwlpdwhv ri wkh qxpehu ri lq0

sdwlhqw dgplvvlrqv/ zkloh Wdeoh 47 frqwdlqv QE5 kxugoh hvwlpdwlrq uhvxowv

ri wkh qxpehu ri rxwsdwlhqw ylvlwv1 Wkh �uvw vwdjh htxdwlrq uhsuhvhqwv wkh

frqwdfw ghflvlrq/ zkloh wkh vhfrqg vwdjh htxdwlrq prghov wkh iuhtxhqf| gh0

flvlrq1 Wkh vhohfwlrq ri h{sodqdwru| yduldeohv lv edvhg rq wkhruhwlfdo prghov

glvfxvvhg hduolhu/ l1h1 yhwhudqv* dwwulexwhv vxfk dv djh/ khdowk vwdwxv/ lqfrph/

hgxfdwlrq hwf11 Zh dovr lqfoxghg khdowk lqvxudqfh/ dqg glvwdqfh wr khdowk

fduh idflolw| zklfk pd| uh hfw h�hfwv ri vxsso| vlgh1

4Zkhq vrph gldjqrvhg frqglwlrqv duh qrw lqfoxghg lq wkh uhjuhvvruv/ wkh h{rjhqhlw| ri
vhoi0 udwhg khdowk lv uhmhfwhg lq erwk lqsdwlhqw dqg rxwsdwlhqw htxdwlrqv1 Wklv lv uhvrqdeoh/
ehfdxvh zkhq wkh remhfwlyh gldjqrvhg frqglwlrq yduldeohv duh lqfoxghg/ wkh h�hfw ri wkh
vxemhfwlyh vhoi0udwhg khdowk yduldeoh zloo ghfuhdvh1
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Wkh wzr0vwdjh kxugoh hvwlpdwhv vkrz wkdw khdowk frqglwlrq phdvxuhv vxfk

dv vhoi0ghvfulehg khdowk vwdwxv/ glvdelolw| vwdwxv/ zkhwkhu ru qrw wkh sdwlhqw

kdv d plolwdu| vhuylfh0frqqhfwhg glvdelolw|/ dqg ydulrxv gldjqrvhg frqglwlrqv

duh wkh prvw vljql�fdqw hohphqwv lq ghwhuplqlqj zkhwkhu wr jr iru lqsdwlhqw

wuhdwphqw1 Yhwhudqv zlwk d srru khdowk frqglwlrq duh pruh olnho| wr jhw

dq lqsdwlhqw wuhdwphqw wkdq rwkhu yhwhudqv1 Gldjqrvhg frqglwlrqv lqyroy0

lqj khduw/ fdqfhu/ nlgqh|/ guxj dexvh ru gldehwhv lqfuhdvh yhwhudqv* fkdqfh

ri vhhnlqj lqsdwlhqw fduh1 Ehlqj ihpdoh kdv srvlwlyh h�hfw rq d yhwhudq*v

ghflvlrq iru dq lqsdwlhqw wuhdwphqw1 Kdylqj sulydwh lqvxudqfh uhgxfhv wkh

suredelolw| ri dq lqsdwlhqw wuhdwphqw ghflvlrq1 Djh/ udfh/ ohyho ri hgxfdwlrq/

hpsor|phqw dqg pdulwdo vwdwxv duh qrw uhohydqw iru wkh lqsdwlhqw wuhdwphqw

ghflvlrq1 Wkh orzhvw lqfrph yhwhudqv kdyh wkh kljkhvw suredelolw| iru vhhn0

lqj lqsdwlhqw fduh1 Yduldeohv zlwk odujh pdujlqdo h�hfwv5 duh dovr wkh ydulrxv

khdowk frqglwlrq phdvxuhv/ dqg sulydwh khdowk lqvxudqfh fryhudjh1 Yhwhudqv*

fkdqfhv ri vhhnlqj lqsdwlhqw wuhdwphqw zloo lqfuhdvh derxw 47( li wkh| kdyh

vhuylfh0frqqhfwhg glvdelolwlhv/ dqg zloo lqfuhdvh derxw 49( li gldjqrvhg zlwk

guxj dexvh1 Fkdqfhv ri lqsdwlhqw xvh zloo eh 9( ohvv li rqh kdyh sulydwh

khdowk lqvxudqfh fryhudjh1

Iru wkh iuhtxhqf| ri lqsdwlhqw dgplvvlrqv/ hvwlpdwhg uhvxowv vkrz wkdw

khdowk frqglwlrq phdvxuhv duh vwloo wkh prvw lpsruwdqw idfwruv1 Wkrvh zkr

duh glvdeohg/ ru kdyh edg vhoi0udwhg khdowk frqglwlrq kdyh kljk iuhtxhqf| ri

5Vlqfh wkh hvwlpdwhg frh!flhqwv duh gl!fxow wr lqwhusuhw iru qrq0olqhdu prgho/ vr zh
frpsxwhg pdujlqdo h�hfwv ri uhjuhvvruv1 Pdujlqdo h�hfwv duh sduwldo ghulydwlyhv ri h{shfwhg
ydoxh ri ghshqghqw yduldeoh zlwk uhvshfw wr wkh yhfwru ri fkdudfwhulvwlfv/ hydoxdwhg dw wkh
phdqv ri [ 3

v1 Iru ixuwkhu h{sodqdwlrq dqg wkh fdofxodwlrq ri pdujlqdo h�hfwv/ uhihu wr
Orxlv hw do +4<<:,1
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lqsdwlhqw dgplvvlrqv1 Glvdeohg yhwhudqv/ dqg yhwhudqv zlwk srru vhoi0udwhg

khdowk frqglwlrq kdyh rq wkh dyhudjh derxw 3148 dqg 3154 pruh lqsdwlhqw

dgplvvlrqv wkdq wkh rwkhuv uhvshfwlyho| +l1h1/ lpso|lqj derxw ;( dqg 45(

lqfuhdvh iurp wkh dyhudjh ydoxh ri 41; dgplvvlrqv ri wkrvh lqsdwlhqw xvhuv

uhvshfwlyho|,1 Yhwhudqv zlwk fdqfhu ru gldehwhv zloo kdyh 43( pruh lqsdwlhqw

dgplvvlrqv1 Exw frqwudu| wr wkh �uvw vwdjh/ vhuylfh0frqqhfwhg glvdelolw| lv qrw

vljql�fdqw lq ghwhuplqlqj wkh iuhtxhqf|1 Djh/ pdulwdo vwdwxv/ jhqghu/ udfh

dqg hgxfdwlrq duh dovr luuhohydqw1 Yhwhudqv zlwk sulydwh khdowk lqvxudqfh

fryhudjh kdyh rq wkh dyhudjh 314: ohvv lqsdwlhqw dgplvvlrqv/ wkdw lv derxw

<( orzhu wkdq wkh dyhudjh1 Wklv uhvxow fdq eh h{sodlqhg e| wkh idfw wkdw

yhwhudqv zlwk sulydwh khdowk lqvxudqfh fryhudjh duh prvwo| zrunlqj shrsoh

zkr whqg wr kdyh ohvv khdowk lpsdluphqwv1 Lq dgglwlrq/ ehlqj d YD lqsdwlhqw

xvhu dovr vljql�fdqwo| lqfuhdvhv wrwdo qxpehu ri lqsdwlhqw dgplvvlrqv1 Wkh

hvwlpdwhg ryhuglvshuvlrq sdudphwhu k lv 71;; dqg lv vljql�fdqw> wklv phdqv

wkdw wkh lqsdwlhqw dgplvvlrqv lv kljko| glvshuvhg1

Lqwhuhvwlqjo|/ wkh kxugoh uhvxowv iru rxwsdwlhqw ylvlwv duh pxfk gl�huhqw

iurp wkrvh ri lqsdwlhqw dgplvvlrqv1 Djh vkrzv d frqfdyh uhodwlrqvkls zlwk

grfwru ylvlw lq wkh iuhtxhqf| ghflvlrq/ exw wkh �uvw rughu whup lv qrw vljqli0

lfdqw1 Iru wkh frqwdfw vwdjh/ djh lv dovr lqvljql�fdqw1 Jxupx +4<<:, irxqg

d frqfdyh uhodwlrqvkls ehwzhhq djh dqg qxpehu ri grfwru ylvlwv1 Exw d vlj0

ql�fdqw frqyh{ uhodwlrqvkls ehwzhhq djh dqg grfwru ylvlw zdv rewdlqhg e|

Fdphurq hw do1 +4<;;, xvlqj Dxvwudoldq gdwd/ dqg e| Srkophlhu ) Xoulfk

+4<<8, xvlqj Jhupdq| gdwd1 Vlplodu wr zkdw zh irxqg ehiruh/ wkh khdowk frq0

glwlrq phdvxuhv duh kljko| vljql�fdqw lq erwk vwdjhv/ h{fhsw wkdw vhoi0udwhg
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khdowk frqglwlrq lv lqvljql�fdqw lq wkh frqwdfw vwdjh1 Ehlqj d vxemhfwlyh khdwk

frqglwlrq phdvxuh/ vhoi0udwhg khdowk yduldeoh vkrxog sod| d ohvv lpsruwdqw uroh

wkdq vrph remhfwlyh khdowk phdvxuh yduldeohv/ olnh glvdelolw| vwdwxv dqg gldj0

qrvwlf frqglwlrqv/ lq ghwhuplqlqj khdowk fduh xvdjh1 Shrsoh zlwk guxj dexvh

pd| qrw eh zloolqj wr vhh grfwruv/ exw rqfh wkh| pdgh wkh �uvw ylvlw/ wkh| zloo

kdyh d kljkhu qxpehu ri vxevhtxhqw ylvlwv1 Yhwhudqv zlwk phqwdo sureohp

kdyh erwk kljkhu suredelolw| dqg iuhtxhqf| ri rxwsdwlhqw ylvlwv1 Gldjqrvwlf

frqglwlrqv vxfk dv fdqfhu/ h|h/ khduw/ nlgqh|/ gldehwhv/ srvw0wudxpdwlf vwuhvv

glvrughu +SWVG,/ dfflghqw dqg rwkhu gldjqrvhg sureohpv dovr lqfuhdvh d yhw0

hudq*v iuhtxhqf| ri rxwsdwlhqw ylvlwv1 Orzhu lqfrph yhwhudqv kdyh d orzhu

suredelolw| ri frqwdfwlqj rxwsdwlhqw idflolwlhv wkdq kljkhu lqfrph yhwhudqv/

dqg kdyh ohvv vxevhtxhqw rxwsdwlhqw ylvlwv1 Yhwhudqv zlwk kljkhu ohyho ri hg0

xfdwlrq duh pruh zloolqj wr frqwdfw rxwsdwlhqw sk|vlfldqv/ exw wkhlu qxpehu

ri vxevhtxhqw ylvlwv lv qrw vljql�fdqwo| odujhu1 Hpsor|phqw vwdwxv lv qrw vlj0

ql�fdqw lq ghwhuplqlqj rxwsdwlhqw xvdjh1 Ehlqj zklwh udlvhv wkh suredelolw|

ri frqwdfwlqj d grfwru/ exw wkh qxpehu ri vxevhtxhqw ylvlwv lv ohvv wkdq wkdw

iru d qrq0zklwh1 Zrphq duh pruh olnho| wr vhhn rxwsdwlhqw wuhdwphqwv dqg

kdyh kljk iuhtxhqf| ri rxwsdwlhqw ylvlwv wkdq phq1 Vlploduo| wr dq hduolhu

�qglqj/ sulydwh lqvxudqfh fryhudjh uhgxfhv wkh suredelolw| dqg wkh iuhtxhqf|

ri rxwsdwlhqw ylvlwv1 Glvwdqfh wr wkh qhduhvw YD khdowk fduh idflolw| dovr kdv

qhjdwlyh h�hfw rq d yhwhudq*v iuhtxhqf| ri rxwsdwlhqw ylvlwv/ exw lw grhv qrw

d�hfw wkh lqsdwlhqw idflolw| xvh1

Pdujlqdo h�hfwv vkrz wkdw vhuylfh0frqqhfwhg frqglwlrq/ glvdelolw| vwdwxv

dqg jhqghu kdyh odujh h�hfwv rq wkh suredelolw| dqg iuhtxhqf| ri rxwsdwlhqw
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ylvlwv1 Kdylqj vhuylfh0frqqhfwhg frqglwlrq zloo lqfuhdvh wkh fkdqfhv ri rxw0

sdwlhqw ylvlw e| 4; (/ dqg derxw 415 pruh vxevhtxhqw ylvlwv +l1h1 derxw 45(

lqfuhdvh iurp wkh dyhudjh qxpehu ri ylvlwv ri 43 dprqj wkrvh rxwsdwlhqw

xvhuv,> glvdeohg yhwhudqv kdyh <( pruh fkdqfhv iru rxwsdwlhqw wuhdwphqw/

dqg 5 pruh vxevhtxhqw ylvlwv> Ihpdoh yhwhudqv duh dovr 47( pruh olnho| wr

vhhn rxwsdwlhqw vhuylfhv/ dqg kdyh 517 pruh rxwsdwlhqw ylvlwv wkdq pdohv> yhw0

hudqv zlwk gldjqrvhg phqwdo sureohpv kdyh derxw 8( pruh fkdqfh wr ylvlw

rxwsdwlhqw folqlfv/ dqg 5 pruh vxevhtxhqw ylvlwv1 Yhwhudqv olylqj 433 plohv

ixuwkhu iurp YD idflolwlhv zloo kdyh 316 +6 (, ohvv rxwsdwlhqw ylvlwv1 Ehlqj

d YD rxwsdwlhqw xvhu dovr vljql�fdqwo| lqfuhdvhv wrwdo qxpehu ri vxevhtxhqw

xvdjh1 Wkh hvwlpdwhg ryhuglvshuvlrq sdudphwhu k lv 31<6 iru wkh iuhtxhqf|

ri rxwsdwlhqw ylvlwv dqg lv vljql�fdqw/ wklv phdqv wkdw wkh rxwsdwlhqw ylvlwv lv

dovr glvshuvhg/ exw qrw dv vhyhuh dv lqsdwlhqw dgplvvlrqv1

Vrph pd| txhvwlrq zkhwkhu wkh kxugoh vshfl�fdwlrq lv dssursuldwh/ eh0

fdxvh lq rqh |hdu shulrg/ sdwlhqwv pd| kdyh pxowlsoh looqhvv vshoov dqg pxo0

wlsoh �uvw frqwdfwv/ dqg wkh �uvw frqwdfw ri wkh |hdu pd| ehorqj wr dq looqhvv

hslvrgh ri wkh suhfhglqj |hdu1 Exw/ zh lqfoxghg khdowk vwdwxv dqg pdq|

fkurqlf gldjqrvlv frqglwlrqv wr frqwuro iru vhyhuh ri looqhvv1 Pxowlsoh �uvw

frqwdfwv dovr phdqv srru khdowk/ vr lw*v vlplodu wr pruh ylvlwv lq rqh looqhvv

hslvrgh1 Ehvlghv/ zh kdyh pdq| frpprq h{sodqdwru| yduldeohv lq wkh �uvw

dqg vhfrqg vwdjhv1
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615 Elyduldwh Surelw Prgho Uhvxowv iru Khdowk Fduh

Idflolw| Fkrlfh

Wkh sxusrvh ri wkh hpslulfdo dqdo|vlv ri wklv vxevhfwlrq lv wr lghqwli| idfwruv

wkdw d�hfw yhwhudqv* fkrlfhv ehwzhhq YD dqg Qrq0YD khdowk fduh idflolwlhv1

D elyduldwh surelw prgho zlwk sduwldo revhuydelolw| zloo eh xvhg lq rxu hfrqr0

phwulf dqdo|vlv1

Dw wkh ehjlqqlqj/ d yhwhudq ghflghv zkhwkhu ru qrw wr xvh phglfdo vhuylfhv/

dqg frqglwlrqdo rq d srvlwlyh ghflvlrq/ kh2vkh wkhq ghflghv zkhwkhu wr xvh

YD ru qrq0YD khdowk fduh idflolw|1 Lq rxu dqdo|vlv/ yhwhudqv xvlqj erwk YD

dqg Qrq0YD idflolwlhv duh lqfoxghg lq wkh YD xvhuv* jurxs1 Vxssrvh U� dqg U2

duh wzr lqgh{ yduldeohv phdvxulqj uhvshfwlyho| wkh surshqvlw| wr xvh khdowk

fduh vhuylfhv dqg wkh surshqvlw| wr fkrrvh YD dv fduh surylghu1 Gh�qh wkh

wzr yduldeohv dv iroorzv= +l, U� : f li d yhwhudq lv d khdowk fduh vhuylfh

xvhu/ U� � f rwkhuzlvh> +l, U2 : f li d yhwhudq xvhv YD khdowk fduh idflolw|/

U2 � f rwkhuzlvh1 Ghqrwh f �

�r dqg q�

�r dv yhfwruv ri h{sodqdwru| yduldeohv

dqg frh!flhqwv/ wkhq elyduldwh surelw prgho fdq eh zulwwhq dv=

U� ' f �

�
q
�
n ��c U2 ' f �

2
q
2
n �2( E��c �2� � �Efc fc �c �c 4��

l1h1 E��c �2� iroorz d elyduldwh qrupdo ghqvlw| dqg 4 lv wkh fruuhodwlrq

frh!flhqw ehwzhhq �� dqg �2� Vlqfh zh gr qrw nqrz wkh srwhqwldo khdowk

fduh idflolw| fkrlfhv ri qrq0xvhuv/ wklv elyduldwh surelw prgho lv rqo| sduwldoo|

revhuyhg1

Lq rughu wr nqrz wkh uhdvrqv zk| yhwhudqv fkrrvh YD ryhu Qrq0YD khdowk

fduh idflolwlhv/ zh qhhg wr nqrz wkh gl�huhqfhv lq YD dqg Qrq0YD khdowk fduh
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v|vwhpv1 Wkh YD khdowk fduh v|vwhp zdv hvwdeolvkhg sulpdulo| wr wuhdw zdu0

uhodwhg lqmxulhv dqg khos uhkdelolwdwh yhwhudqv zlwk glvdelolwlhv lqfxuuhg ru

djjudydwhg dv d uhvxow ri plolwdu| vhuylfh/ vxfk dv vhuylfh0frqqhfwhg glvdelol0

wlhv1 Vxevhtxhqwo|/ wkh v|vwhp zdv h{sdqghg wr surylgh vhuylfhv wr yhwhudqv

zkr glg qrw kdyh vhuylfh0frqqhfwhg glvdelolwlhv dqg zkr odfn wkh uhvrxufh wr

sd|1 Wrgd|/ doo yhwhudqv duh holjleoh iru wuhdwphqw dw YD phglfdo idflolwlhv/

exw ihz duh hqwlwohg wr wkh ixoo udqjh ri vhuylfhv xqghu wkh h{lvwlqj frpsoh{

holjlelolw| uhtxluhphqwv1 Iru h{dpsoh/ yhwhudqv zlwk vhuylfh0frqqhfwhg glv0

delolwlhv duh holjleoh iru frvw0iuhh krvslwdo fduh/ zkloh kljk lqfrph yhwhudqv

zlwkrxw vxfk glvdelolwlhv duh holjleoh iru vxfk fduh/ exw pd| uhfhlyh lw rqo|

li vsdfh dqg uhvrxufhv duh dydlodeoh1 Wkh kljk lqfrph yhwhudqv duh dovr vxe0

mhfw wr frsd|phqw dqg/ li lqvxuhg/ wkhlu lqvxuhuv pxvw eh eloohg iru vhuylfhv

surylghg e| YD idflolwlhv1

Wkh YD khdowk fduh v|vwhp lv ixqgdphqwdoo| gl�huhqw iurp sulydwh ru

sxeolf khdowk lqvxudqfh surjudpv1 YD jhqhudoo| gholyhuv khdowk fduh wr sd0

wlhqwv gluhfwo| xvlqj vdodulhg sk|vlfldqv/ qxuvhv dqg rwkhu surihvvlrqdov lq

YD idflolwlhv1 Lqvxudqfh surjudpv/ rq wkh rwkhu kdqg/ surylgh vhuylfhv rq

d ihh0iru0vhuylfh edvlv ru wkurxjk frqwudfwv zlwk sulydwh surylghuv1 Lqvxu0

dqfh surjudpv w|slfdoo| fkdujh suhplxpv wr/ lpsrvh ghgxfwleohv rq/ dqg

uhtxluh frsd|phqw iurp doo hquroohhv1 Lq dgglwlrq/ YD surylghv vrph vhu0

ylfhv wkdw lqvxudqfh surjudpv w|slfdoo| gr qrw surylgh1 Iru h{dpsoh/ YD

fryhuv rxwsdwlhqw suhvfulswlrq guxjv dqg ghqwdo fduh wkdw duh qrw fryhuhg e|

Phglfduh1 Vlploduo|/ zkloh Phglfduh dqg prvw sulydwh lqvxudqfh surjudpv

surylgh vkruw0whup qxuvlqj krph fduh iroorzlqj rq krvslwdol}dwlrq/ YD pd|/
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lq vrph lqvwdqfhv/ r�hu pruh h{whqvlyh/ orqj0whup qxuvlqj krph dqg grpl0

floldu| fduh1

Wkh deryh dqdo|vlv lqglfdwhv wkdw yhwhudqv* lqvxudqfh vwdwxv/ lqfrph ohyho/

dqg VF ru qrq0VF frqglwlrqv vkrxog eh lqfoxghg lq h{sodlqlqj wkh fkrlfhv

ehwzhhq YD ru Qrq0YD krvslwdo idflolwlhv1 Wkh rwkhu h{sodqdwru| yduldeohv

zh fkrrvh duh ghprjudsklf fkdudfwhulvwlfv/ hpsor|phqw vwdwxv/ hgxfdwlrqdo

ohyho dqg khdowk frqglwlrqv1 Glvwdqfh wr YD idflolw| lv dovr lqfoxghg vlqfh

lw lv rqh ri wkh uhdvrqv prvw iuhtxhqwo| flwhg e| yhwhudqv iru qrw xvlqj YD

idflolwlhv1 Dv ehiruh/ zh frqvlghu lqsdwlhqw dgplvvlrqv dqg rxwsdwlhqw ylvlwv

vhsdudwho|1

Vlplodu wr zkdw zh glg hduolhu/ zh qhhg wr whvw wkh hqgrjhqhlw| ri khdowk

vwdwxv/ lqfrph dqg lqvxudqfh yduldeohv lq wkh elyduldwh surelw prgho1 Eoxqghoo

dqg Vplwk +4<;9, surylghg d vlpsoh wzr vwdjh dssurdfk wr gr wklv whvw1 Wkh

�uvw vwdjh lv wr uhjuhvv wkh vxvslflrxv yduldeohv rq h{rjhqrxv yduldeohv1 Wkh

vhfrqg vwhs lv wr hvwlpdwh wkh ruljlqdo surelw prgho zlwk wkh vhwv ri uhvlgxdov

iurp vwdjh rqh dv dgglwlrqdo uhjuhvvruv/ dqg mrlqwo| whvw wkh k|srwkhvlv wkdw

frh!flhqwv ri wkh uhvlgxdo yhfwruv duh }hurv1 Vlqfh rxu vxvslflrxv yduldeohv duh

elqdu|/ surelw jhqhudol}hg uhvlgxdov duh xvhg +vhh Jrxulhurx{ hw do1 +4<;:,,1

Wkh surelw jhqhudol}hg uhvlgxdov iru d prgho t W

� ' f�q� n 0� duh jlyhq e|=

e0� ' Et� � xEf�
fq����Ef�

fq��EE�� xEf�
fq���

3�xEf�
fq��

3�

Wkh �2 vwdwlvwlfv wkdw wkhvh dgglwlrqdo frh!flhqwv duh }hurv iru wkh rxw0

sdwlhqw xwlol}dwlrq ghflvlrq dqg idflolw| fkrlfh htxdwlrqv duh 718; dqg 61<4

uhvshfwlyho|/ zkloh iru wkh wzr lqsdwlhqw htxdwlrqv/ wkh| duh 8138 dqg 61:9
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uhvshfwlyho|1 Vr h{rjhqhlw| lv qrw uhmhfwhg iru wkh wkuhh yduldeohv iru erwk lq0

sdwlhqw dqg rxwsdwlhqw htxdwlrqv1 Djdlq/ yduldeohv vxfk dv djh/ ixoo0wlph hp0

sor|phqw vwdwxv dqg krph rzqhuvkls duh vljql�fdqw lq wkh lqvxudqfh/ khdowk

dqg lqfrph htxdwlrqv/ exw duh qrw vljql�fdqw lq wkh lqsdwlhqw dqg rxwsdwlhqw

elyuldwh surelw htxdwlrqv1 +Qrwh= �2E�� ' .�H2 dw wkh 8( ohyho ri vljql�0

fdqw1 Zh xvhg djh/ hpsor|phqw vwdwxv/ hgxfdwlrqdo ohyho/ krph rzqhuvkls

dqg jhqghu dv h{rjhqrxv uhjuhvvruv iru wkh surelw whvw,

Wdeoh 48 suhvhqwv wkh uhvxowv iru lqsdwlhqw dgplvvlrqv1 Vlplodu wr rxu

�qglqjv ehiruh/ yhwhudqv kdylqj zruvh khdowk frqglwlrqv/ zlwk vrph gldjqrvhg

khdowk sureohpv/ xqhpsor|hg gxh wr glvdelolw|/ ru ehlqj ihpdoh duh pruh olnho|

wr xvh lqsdwlhqw khdowk fduh vhuylfhv1 Yhwhudqv zlwk sulydwh khdowk lqvxudqfh

fryhudjh/ kdylqj rzq krph ru jrrg khdowk frqglwlrq duh ohvv olnho| wr vhhn

lqsdwlhqw wuhdwphqw1

Zklwh yhwhudqv ru yhwhudqv zlwk sulydwh khdowk lqvxudqfh/ kljkhu hgxfd0

wlrq dqg lqfrph ohyho/ whqg wr xvh qrq0YD lqsdwlhqw idflolwlhv1 Yhwhudqv olylqj

idu iurp YD krvslwdov duh dovr ohvv olnho| wr xvh YD idflolwlhv1 YD lqsdwlhqw

xvhuv duh wkrvh zlwk orz lqfrph/ kljk glvdelolw| udwlqj/ zruvh khdowk frqglwlrq

ru olylqj qhdu YD krvslwdov1 Yhwhudqv zlwk gldjqrvhg kljk eorrg suhvvxuh/

fdqfhu/ nlgqh|/ gldehwhv ru guxj dexvh dovr whqg wr xvh YD lqsdwlhqw fduh1

Dprqj lqsdwlhqw xvhuv/ guxj dexvh yhwhudqv kdyh 44( pruh fkdqfh wr xvh

YD/ orzhu lqfrph yhwhudqv duh 47( pruh olnho| wr xvh YD 1 Yhwhudqv zlwk sul0

ydwh khdowk lqvxudqfh fryhudjh kdyh ;( pruh suredelolw| wr eh qrq0YD xvhuv1

Wkxv/ lqfrph vhhpv wr eh pruh lpsruwdqw wkdq khdowk phdvxuh yduldeohv lq

ghflglqj yhwhudqv* khdowk fduh idflolw| fkrlfh1 Wkh hvwlpdwhg fruuhodwlrq ri
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huuruv iru wkh lqsdwlhqw elyduldwh surelw htxdwlrqv lv 31;61 Wklv phdqv wkdw

wkh xqrevhuyhg idfwruv wkdw lqfuhdvh wkh suredelolw| ri lqsdwlhqw vhuylfh xvh

dovr lqfuhdvh wkh suredelolw| ri xvlqj d YD lqsdwlhqw idflolw|16

Wdeoh 49 suhvhqw uhvxowv iru rxwsdwlhqw ylvlwv1 Rxu vdpsoh lqfoxghv <64;

yhwhudqv/ ri zklfk 9769 xvhg vrph nlqg ri rxwsdwlhqw fduh/ dqg dprqj wkh

rxwsdwlhqw fduh xvhuv/ 59:8 yhwhudqv fkrvh wr xvh YD idflolw|1 Vlplodu wr

rxu �uvw vwdjh uhvxowv ri QE5 kxugoh prgho/ yhwhudqv kdylqj zruvh khdowk

frqglwlrq/ zlwk kljk hgxfdwlrq dqg lqfrph ohyho/ ehlqj ihpdoh/ ehlqj zklwh

kdyh kljkhu suredelolw| ri xvlqj rxwsdwlhqw fduh vhuylfhv1

Uhvxowv vkrz wkdw YD rxwsdwlhqw xvhuv whqg wr kdyh zruvh khdowk frqgl0

wlrqv/ zlwk gldjqrvhg SWVG/ kljk eorrg suhvvxuh/ vwrpdfk/ ru phqwdo sure0

ohpv/ dqg duh pruh olnho| wr eh qrq0zklwh/ orzhu lqfrph yhwhudqv1 Wkh qrq0

YD xvhuv duh wkrvh kdylqj kljkhu ohyho ri lqfrph dqg hgxfdwlrq/ zlwk sul0

ydwh lqvxudqfh fryhudjh/ kdylqj rzq krph ru olylqj idu iurp YD rxwsdwlhqw

folqlfv1 Djh/ jhqghu/ hpsor|phqw vwdwxv/ pdulwdo vwdwxv duh qrw vljql�fdqw1

Dprqj rxwsdwlhqw xvhuv/ yhwhudqv zlwk SWVG/ kljk eorrg suhvvxuh/ vwrp0

dfk sureohp/ ru phqwdo sureohpv kdyh derxw :( pruh fkdqfh wr fkrrvh YD1

Wkh orzhuhvw lqfrph yhwhudqv duh 4;( pruh olnho| wr xvh YD1 Sulydwh khdowk

lqvxudqfh kroghuv kdv derxw 55( pruh suredelolw| wr eh d qrq0YD xvhu1 Yhw0

hudqv olylqj 433 plohv ixuwkhu iurp YD idflolwlhv zloo ghfuhdvh wkhlu fkdqfhv

ri xvlqj YD rxwsdwlhqw vhuylfhv e| 45(1 Wkh hvwlpdwhg fruuhodwlrq ri huuruv

iru wkh rxwsdwlhqw elyduldwh surelw htxdwlrqv/ olnh wkh lqsdwlhqw htxdwlrqv/ lv

6Vhh Mrqhv +4<;<, iru dq lqwhusuhwdwlrq ri wklv frh!flhqw dv cvhohfwlrq* eldv lq wkh frqwh{w
ri jhqhudo grxeoh kxugoh prghov1
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srvlwlyh dqg kljk1

7 Vxppdu| dqg Frqfoxvlrq1

Edvhg rq wkh 4<<5 yhwhudqv* vxuyh| gdwd/ zh dqdo|}hg yhwhudqv* khdowk fduh

xwlol}dwlrq/ lqfoxglqj lqsdwlhqw dgplvvlrqv dqg rxwsdwlhqw ylvlwv/ e| xvlqj

frxqw gdwd kxugoh prghov1 Zh dovr dqdo|}hg yhwhudqv* khdowk fduh idflolw|

fkrlfhv e| xvlqj d elyduldwh surelw prgho1

Wkh pdmru �qglqjv duh=

Khdowk frqglwlrq phdvxuhv duh wkh prvw lpsruwdqw idfwruv lq ghwhuplqlqj

khdowk fduh xwlol}dwlrq1 Yhwhudqv zkr duh glvdeohg/ kdyh d vhuylfh0frqqhfwhg

glvdelolw|/ kdyh edg vhoi0udwhg khdowk frqglwlrq ru vrph vshfl�f gldjqrvhg

khdowk sureohpv xvh pruh khdowk fduh vhuylfhv wkdq rwkhuv1 Prvw ghpr0

judsklf fkdudfwhulvwlfv olnh pdulwdo vwdwxv/ djh/ hpsor|phqw vwdwxv hwf1 duh

ohvv vljql�fdqw1 Yhwhudqv kdylqj sulydwh khdowk lqvxudqfh fryhudjh whqg wr

xvh ohvv khdowk fduh vhuylfhv1 Idplo| lqfrph lv qhjdwlyho| uhodwhg wr lqsd0

wlhqw xvdjh/ exw srvlwlyho| uhodwhg wr rxwsdwlhqw xvdjh1 Ohyho ri hgxfdwlrq

glg qrw kdyh vljql�fdqw h�hfw rq lqsdwlhqw xvdjh/ exw kdyh srvlwlyh h�hfw rq

wkh suredelolw| ri rxwsdwlhqw xvdjh1

Idplo| lqfrph lv wkh prvw lpsruwdqw idfwru rq ghflglqj yhwhudqv* khdowk

fduh idflolw| fkrlfh1 Rwkhu idfwruv lqfoxgh udfh/ khdowk lqvxudqfh/ glvwdqfhv

wr wkh qhduhvw YD khdowk fduh idflolw| dqg vrph gldjqrvlv khdowk frqglwlrqv1

Qrq0zklwh yhwhudqv/ yhwhudqv zlwk orzhu lqfrph/ srru khdowk frqglwlrq/ zlwk0

rxw sxeolf ru sulydwh lqvxudqfh fryhudjh/ ru wkrvh olylqj qhdu YD khdowk fduh
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idflolw| whqg wr fkrrvh YD dv fduh surylghu1

Zh krsh wkh deryh �qglqjv ri idfwruv wkdw d�hfw yhwhudqv* khdowk fduh

xwlol}dwlrq dqg idflolw| fkrlfhv/ dqg wkh pdjqlwxgh ri wkhlu h�hfwv/ fdq surylgh

xvhixo txdqwlwdwlyh ehqfkpdun iru YD*v khdowk fduh v|vwhp uhirup dqg iru

lqfuhdvlqj vhuylfh txdolw| dqg h!flhqf| lq wkhvh idflolwlhv1
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Wdeoh 4 = W|sh ri Phglfdo Fduh E| Djh Jurxs+4<<5 Yhwhudqv,

Shufhqwdjh ri Hdfk Djh Jurxs
W|sh ri fduh Djh	58 58067 68077 78087 88097 980:7 ::7
Lqsdwlhqw 415 417 419 618 717 61: 918
Rxwsdwlhqw 6<17 7419 741; 751: 7716 7;1: 7316
Erwk 51: 61; :15 81; ;1: 451; 4:1:
Qrqh 891: 8615 7<17 7; 7519 671; 6818
Wrwdo 433 433 433 433 433 433 433

Wdeoh 5 = Phglfdo Fduh Xvdjh E| Hdfk Djh Jurxs+4<<5 Yhwhudqv,

Dyhudjh Xvdjh ri Hdfk Djh Jurxs
W|sh ri fduh Djh	58 58067 68077 78087 88097 980:7 ::7
Qxpehu ri
lqsdwlhqw dgp1 3164 316; 317< 317< 3194 3196 31:8
Qxpehu ri
rxwsdwlhqw ylvlw 61;; 81;7 :164 91<< 9177 9135 819<

Wdeoh 6= W|sh ri Phglfdo Fduh E| Jhqghu+4<<5 Yhwhudqv,

W|sh ri fduh Pdoh+Shufhqwdjh, Ihpdoh +Shufhqwdjh,
Lqsdwlhqw rqo| 616 514
Rxwsdwlhqw rqo| 7618 881;
Erwk ;17 451;
Qrqh 771; 5<16
Wrwdo 433 433

Wdeoh 7= W|sh ri Phglfdo Fduh E| Hgxfdwlrq Ohyho+4<<5 Yhwhudqv,

W|sh ri fduh 	KV+(, KV+(, Dgy1 Wudlqlqj+(, ED ru . +(,
Lqsdwlhqw rqo| 814 61< 614 415
Rxwsdwlhqw rqo| 69 6;1; 761: 8;16
Erwk 4317 :1; ;19 ;15
Qrqh 7;18 7<18 7719 6516
Wrwdo 433 433 433 433
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Wdeoh 8= W|sh ri Phglfdo Fduh E| Udfh+4<<5 Yhwhudqv,

W|sh ri fduh Zklwh+(, Eodfn+ (, Klvsdqlf +(, Rwkhu +(,
Lqsdwlhqw rqo| 616 61< 418 51:
Rxwsdwlhqw rqo| 771; 731; 6714 7517
Erwk ;1: 43 816 919
Qrqh 7615 7816 8<14 7;16
Wrwdo 433 433 433 433

Wdeoh 9= Vrxufh ri 4<<5 Lqsdwlhqw Fduh E| VF Glvdelolw| Vwdwxv

Vrxufh ri Fduh Vhuylfh0Frqqhfwhg +(, Qrq0VF +(,
YD 5619 918
Qrq0YD 8817 ;;1:
Erwk 5413 817
Wrwdo 433 433

Wdeoh := Vrxufh ri Lqsdwlhqw Fduh E| Vhoi0uhsruwhg Khdowk Vwdwxv

Vrxufh ri Fduh Shufhqwdjh Xvlqj Vrxufh iru Lqsdwlhqw Fduh
H{fhoohqw Yhu| Jrrg Jrrg Idlu Srru

YD 814 614 819 431; 4:1<
Qrq0YD <41< <814 ;;1; ;315 981:
Erwk 613 41; 819 <13 4917
Wrwdo 433 433 433 433 433

Wdeoh ;= Vrxufh ri 4<<5 Rxwsdwlhqw Fduh Xvh E| VF Glvdelolw| Vwdwxv

Vrxufh ri Fduh Vhuylfh0Frqqhfwhg +(, Qrq0VF+(,
YD 4913 615
Qrq0YD 991; <815
Erwk 4:15 419
Wrwdo 433 433

5<



Wdeoh <= Vrxufh ri Rxwsdwlhqw Fduh E| Vhoi0Ghvfulehg Khdowk Vwdwxv

Vrxufh ri Fduh Shufhqwdjh Xvlqj Vrxufh iru Lqsdwlhqw Fduh
H{fhoohqw Yhu| Jrrg Jrrg Idlu Srru

YD 417 516 713 <1; 4814
Qrq0YD <:17 <914 <516 ;51; :817
Erwk 415 419 61: :17 <18
Wrwdo 433 433 433 433 433

Wdeoh 43= W|shv ri Lqvxudqfh Fryhudjh e| Hpsor|phqw Vwdwxv +(,

Lqvxudqfh w|sh Hpsor|phqw Vwdwxv
Ixoo0wlph Sduw0wlph Orrnlqj Uhwluhg Glvdeohg

Qrqh ;1; 4<18 6:1: 417 451:
Sxeolf 618 4815 4416 4<15 6;13
Sulydwh :917 6813 6718 4816 461:
Sxeolf)Sulydwh 4319 5:15 461: 9619 6514
Xqnqrzq 31: 614 51; 318 618
Wrwdo Shufhqw 433 433 433 433 433
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Figure1: Inpatient Admissions

0
1000
2000
3000
4000
5000
6000
7000
8000
9000

0 1 2 3 4 5 6 7+

Counts

F
re

qu
en

c
y

Figure2 : Outpatient Visits
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Wdeoh 44= Gh�qlwlrq ri Yduldeohv

Yduldeoh Gh�qlwlrq Phdq
LQVbSY 4 li kdv sulydwh khdowk lqvxudqfh rqo|/ 3 rwkhuzlvh1 3166
SYbDQ\ 4 li fryhuhg e| hlwkhu sulydwh khdowk lqvxudqfh rqo|/

ru erwk sulydwh dqg sxeolf khdowk lqvxudqfh/ 3 rwkhuzlvh1 3195
LSDGP Qxpehu ri ri lqsdwlhqw dgplvvlrqv lq 4<<5 3189
LSDGPbYD Qxpehu ri lqsdwlhqw dgplvvlrqv wr YD lq 4<<51 3164
RSYW Wrwdo qxpehu ri rxwsdwlhqw ylvlwv lq 4<<51 91;;
RSYWbYD Qxpehu ri RS ylvlwv wr YD idflolwlhv1 6137
DJH Yhwhudqv* djh1 DJH5 lv vtxduh ri djh1 871<3
GLVDEOH Glvdelolw| vwdwxv1 4 li glvdeohg/ 3 rwkhuzlvh1 3189
HGXbKLJK Ohyho ri hgxfdwlrq= ED ru kljkhu @4/ 3 rwkhuzlvh 314;
HPSbIW Ixoo0wlph hpsor|hg@4/ rwkhu@31 316;
XHPSbGL Xqhpsor|hg gxh wr glvdelolw|@4/ rwkhu@31 314<
ZKLWH Zklwh@4/ rwkhu@31 31;7
EODFN Eodfn@4/ rwkhu@31 313<
JRRGKOWK Vhoi0ghvfulehg khdowk vwdwxv= h{fhoohqw/ jrrg@4/ rwkhu@3 3168
EDGKOWK Vhoi0ghvfulehg khdowk vwdwxv= edg/ zruvh@4/ rwkhu@3 3174
ORZLQF Idplo| lqfrph1 @4/ li '30'53/333/ rwkhu@3 317;
PDUULHG Pdulwdo vwdwxv= pduulhg@4/ rwkhu@31 31:7
GLVbVHU Vhuylfh0frqqhfwhg Glvdelolw| vwdwxv1 4 li |hv/ 3 li qr1 316<
PDOH 4@pdoh/ 3 @ihpdoh1 31<9
RZQKRPH 4 li rzqv krph/ 3 li qrw1 31:8
GLVWbLS Glvwdqfh wr YD krvslwdo +plohv,1 7<133
GLVWbRS Glvwdqfh wr YD rxwsdwlhqw idflolwlhv +plohv,1 76134
GLVWbLSQY Glvwdqfh wr qrq0YD krvslwdo +plohv,1 43195
GLVWbRSQY Glvwdqfh wr qrq0YD rxwsdwlhqw idflolwlhv +plohv,1 9187
YDLSXVHU 4 li hyhu xvhg YD lqsdwlhqw vhuylfhv/ 3 rwkhuzlvh 3184
YDRSXVHU 4 li hyhu xvhg YD rxwsdwlhqw vhuylfhv/ 3 rwkhuzlvh 3174
KES Gldjqrvhg frqglwlrq= Kljk eorrg suhvvxuh 316<
KHDU Gldjqrvhg frqglwlrq= Khdulqj sureohp 3169
H\H Gldjqrvhg frqglwlrq= H|h ru ylvlrq sureohp 3154
FDQFHU Gldjqrvhg frqglwlrq= Fdqfhu 3144
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Wdeoh 44= Gh�qlwlrq ri Yduldeohv +Frqwlqxhg,

Yduldeoh Gh�qlwlrq Phdq
KHDUW Gldjqrvhg frqglwlrq= Khduw wurxeoh 3159
VWURNH Gldjqrvhg frqglwlrq= Vwurnh 313:
NLGQH\ Gldjqrvhg frqglwlrq= Nlgqh|2eodgghu wurxeoh 314;
UKHX Gldjqrvhg frqglwlrq= Ukhxpdwlvp ru duwkulwlv 3169
GLDEW Gldjqrvhg frqglwlrq= Gldehwhv 3145
VWRPDFK Gldjqrvhg frqglwlrq= Vwrpdfk2Gljhvwlyh glvrughu 3156
GUJDEXV Gldjqrvhg frqglwlrq= Guxj dexvh ru Dofrkrolvp 313:
SWVG Gldjqrvhg frqglwlrq= Srvw0wudxpdwlf vwuhvv glvrughu 313:
PHQWDO Gldjqrvhg frqglwlrq= Phqwdo 2Hprwlrqdo sureohp 313;
DFFLGW Gldjqrvhg frqglwlrq= Dfflghqw uhodwhg lqmxu| 3158
GLJRWK Gldjqrvhg frqglwlrq= Rwkhu vhulhv frqglwlrq 3147
&FRQG Wrdwo qxpehu ri gldjqrvhg frqglwlrqv 613:

Wdeoh 45= Kdxvpdq whvw vwdwlvwlfv iru hqgrjhqhlw|
Lqsdwlhqw Dgplvvlrqv Rxwsdwlhqw Ylvlwv

Yduldeoh Iluvw vwdjh Vhfrqg vwdjh Iluvw vwdjh Vhfrqg vwdjh
EDGKOWK 61:4 417< 6167 31:5
ORZLQF 31<4 317< 3138 3164
LQVbSY 3193 31:6 3159 3144

Qrwh= Wkh �2E�� fulwlfdo ydoxh dw wkh 8( ohyho lv 61;71
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Wdeoh 46= QE5 Kxugoh Prgho Hvwlpdwhv iru Lqsdwlhqw+LS, Dgplvvlrqv71
Iluvw Vwdjh+Frqwdfw, Vhfrqg Vwdjh+Iuhtxhqf|,

Yduldeoh frh�1 mw0udwlrm p0h�hfw frh�1 mw0udwlrm p0h�hfw
FRQVW 041:WW 8137 0517;WW 61:7
DJH��f32 41:7 4155 3167 0319; 3164 0316;
DJH5��f3e 041;8 4175 03169 0319< 3167 0316<
GLVDEOH 3177WW 9183 313< 315:W 514: 3148
HGXbKLJK 03145 4196 03135 313; 319: 3138
HPSbIW 03146 419< 03136 03145 4133 0313:
XHPSbGL 3169WW 8149 313: 315:WW 51;: 3148
ZKLWH 03136 317: 03134 03138 317; 03136
ORZLQF 3148W 5169 3136 313< 31<3 3138
EDGKOWK 3169WW 81;8 313: 316:WW 7134 3154
PDUULHG 0313: 414: 03134 313: 319; 3137
GLVbVHU 31:3WW 451;< 3147 3135 315: 3134
PDOH 03165W 516< 03139 3154 4145 3145
RZQKRPH 03159WW 61;6 03138 3145 4149 313:
LQVbSY 03163WW 7143 03139 03163W 5168 0314:
GLVWbLS��f3� 03154 317< 03137 31<4 418; 3184
KES 3144 41:; 3135 3135 3159 3134
FDQFHU 3167WW 716< 313: 3165WW 6176 314;
KHDUW 3183WW :187 3143 3147 416; 313;
NLGQH\ 3167WW 71<: 313: 3133 3134 3133
GLDEW 314:W 5146 3136 3163WW 51:9 314:
VWRPDFK 3147W 5147 3136 313< 31<7 3138
GUJDEXV 31;3WW :1<: 3149 03145 31;9 0313:
DFFLGW 313: 413: 3134 03145 415< 0313:
GLJRWK 3156WW 6158 3138 03134 313: 03133
&FRQG 3138W 513< 3134 3143WW 6148 3139
GLVWbLSQY��f3� 041<7 319; 0413<
YDLSXVHU 3169WW 61<6 3184
k 4133 �{hg 71;;W 5175
0ORJO 7983 63::

7Qrwh= +- , dqg +--, lqglfdwh vljql�fdqfh dw 8( dqg 4( ohyho/ dqg vr iru wkh rwkhu
wdeohv1 P0h�hfw lv pdujlqdo h�hfw iru �uvw vwdjh dqg frqglwlrqdo pdujlqdo h�hfw iru vhfrqg
vwdjh1
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Wdeoh 47= QE5 Kxugoh Prgho Hvwlpdwhv iru Rxwsdwlhqw+RS, Ylvlwv
Iluvw Vwdjh +Frqwdfw, Vhfrqg Vwdjh +Iuhtxhqf|,

Yduldeoh frh�1 mw0udwlrm p0h�hfw frh�1 mw0udwlrm p0h�hfw
FRQVW 3146 316: 41::WW <1<9
DJH��f32 03134 3134 03133 31:< 414< 8194
DJH5��f3e 03167 3159 0313: 041;9WW 6134 04614<
GLVDEOH 3179WW 91<6 313< 315<WW <197 5135
HGXbKLJK 3197WW ;1;< 3146 03133 3149 03136
HPSbIW 3137 3189 3134 03138 4193 0316:
XHPSbGL 3154W 5177 3137 3146WW 6164 31;;
ZKLWH 3156WW 6169 3138 03139 41:9 03176
ORZLQF 03165W 71:< 03139 03144WW 6184 031:;
EDGKOWK 3138 31:7 3134 3146WW 7168 31<4
PDUULHG 3146 41<8 3135 3137 4156 3159
GLVbVHU 31<7WW 48167 314; 314:WW 91;6 4153
PDOH 031:5WW 813< 03147 03168WW 81;3 05178
RZQKRPH 3133 3135 3133 0313:W 5158 0317;
LQVbSY 03157WW 6179 03138 0314:WW 81<3 04157
GLVWbRS��f3� 031:5 4168 03147 0317:W 5166 06169
KES 315<WW 61;5 3139 313:W 5156 3184
KHDU 3139 31;9 3134 3137 4144 3158
H\H 3135 314< 3133 313<W 517; 3197
FDQFHU 3143 4135 3135 3149WW 61<9 4148
KHDUW 3144 4164 3135 313: 41;; 3185
NLGQH\ 313: 31:9 3134 313: 41<6 3184
GLDEW 3143 4133 3135 3145WW 5199 31;7
VWRPDFK 3156WW 519< 3137 3137 413: 3159
GUJDEXV 03164WW 5187 03139 3154WW 7189 4178
SWVG 3138 316: 3134 3154WW 7189 417:
PHQWDO 3159W 5139 3138 315<WW 918: 5135
DFFLGW 3154WW 5194 3137 3145WW 6194 31;7
GLJRWK 3148 4195 3136 3147WW 61<3 4134
&FRQG 3149WW 618< 3136 3138WW 51;7 316;
GLVWbRSQY��f3� 04143 31:; 0:1:9
YDRSXVHU 3155WW :178 4188
k 4133 IL[HG 31<6WW 65184
0ORJO 7:77 4;4;7
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Wdeoh 48= Elyduldwh Surelw Hvwlpdwhv iru YD Lqsdwlhqw+LS, Dgplvvlrqv
Sduwlflsdwlrq Idflolw| Fkrlfh

Yduldeoh Frh�1 mw0udwlrm p0h�hfw Frh�1 mw0udwlrm p0h�hfw
FRQVW 04149WW 8138 031<9W 514:
DJH��f32 31<8 4145 3165 03155 3153 03137
DJH5��f3e 031<9 4159 03165 0319< 31:4 03146
GLVDEOH 3159WW 9198 313< 3166WW 8147 3139
HGXbKLJK 0313: 41:6 03136 03157WW 6158 03138
HPSbIW 0313; 41:7 03136 3134 3143 3133
XHPSbGL 3156WW 8195 313; 315:WW 8139 3138
ZKLWH 03135 3174 03134 03155WW 6155 03137
ORZLQF 3143W 516: 3136 31::WW :166 3147
EDGKOWK 3156WW 9149 313; 3159WW 71;< 3138
PDUULHG 03137 413< 03134 03143 41;: 03135
GLVbVHU 3176WW 46183 3147 3143 4156 3135
PDOH 03153W 518< 0313: 0314: 418; 03136
RZQKRPH 03148WW 61:8 03138 03154WW 61;9 03137
LQVbSY 0314;WW 7146 03139 03178WW 716; 0313;
GLVWbLS��f3� 0313< 3167 03136 0514<WW 81;3 03174
KES 3143WW 6135 3136 3148WW 615< 3136
FDQFHU 3156WW 8149 313; 3146W 5137 3135
KHDUW 3167WW <188 3144 0313; 414< 03135
NLGQH\ 3157WW 9177 313; 315:WW 816; 3138
GLDEW 3146WW 51;4 3137 3146W 5145 3135
VWRPDFK 3145WW 618< 3137 3137 31;4 3134
GUJDEXV 3185WW <154 314: 318<W ;177 3144
DFFLGW 313;W 5158 3136 03135 316< 03133
GLJRWK 314:WW 7157 3139 3145W 5147 3135
4 31;6 914;
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Wdeoh 49= Elyduldwh Surelw Hvwlpdwhv iru YD Rxwsdwhluhqw Ylvlwv
Sduwlflsdwlrq Idflolw| Fkrlfh

Yduldeoh Frh�1 mw0udwlrm p0h�hfw Frh�1 mw0udwlrm p0h�hfw
FRQVW 3155 4138 031;8WW 6178
DJH��f32 03199 31;7 03155 4157 4177 316<
DJH5��f3e 31;6 4146 315; 0413< 416: 03167
GLVDEOH 3166WW ;175 3144 316;WW ;158 3145
HGXbKLJK 316;WW <148 3146 03147WW 5197 03137
HPSbIW 03134 3148 03133 313: 4168 3135
XHPSbGL 3149WW 6163 3138 3148WW 614: 3138
ZKLWH 3148WW 6195 3138 0314:WW 617: 03138
ORZLQF 0314:WW 7167 03139 318;WW 431;4 314;
JRRGKOWK 03148WW 7139 03138 0315:WW 9133 0313<
PDUULHG 313;W 5154 3136 03138 4133 03134
GLVbVHU 318<WW 4:144 3153 316;WW <143 3145
PDOH 03176WW 8186 03147 03137 316< 3134
RZQKRPH 03134 315; 03133 0314<WW 713: 03139
SYbDQ\ 3133 313< 3133 031:3WW 46173 03155
GLVWbRS��f3� 03169 4146 03145 061;9WW 4318; 04154
KES 315:WW ;163 313< 315;WW :187 313<
KHDUW 3149WW 7136 3138 3134 3166 3133
VWRPDFK 3157WW 914; 313; 3156WW 81:5 313:
SWVG 3149W 5165 3139 3156WW 61;6 313:
PHQWDO 3156WW 619: 313; 3155WW 61:< 313:
DFFLGW 3155WW 81<7 313: 3134 3168 3133
GLJRWK 314<WW 713: 3139 3144W 5164 3136
4 31:6WW 9165
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UHIHUHQFHV

^4`1 Fdphurq/ D1 F1/ Wulyhgl/ S1 N1 +4<;9,/ cHfrqrphwulf prghov edvhg

rq frxqw gdwd= frpsdulvrqv dqg dssolfdwlrqv ri vrph hvwlpdwruv dqg whvwv*/

Mrxuqdo ri Dssolhg Hfrqrphwulfv/ Yro1 4/ 5<0861

^5`1 Fdphurq/ D1 F1/ Wulyhgl/ S1 N1/ Ploqh/ I1 dqg Sljjrw/ M1 +4<;;,/ cD

plfurhfrqrphwulf prgho ri wkh ghpdqg iru khdowk fduh dqg khdowk lqvxudqfh

lq Dxvwudold/* Uhylhz ri Hfrqrplf Vwxglhv 88+7, ;804391

^6`1 Fdphurq/ D1 F1/ Wulyhgl/ S1 N1 +4<<;,/ cUhjuhvvlrq dqdo|vlv ri frxqw

gdwd* Hfrqrphwulf Vrflhw| Prqrjudskv Qr163/ Fdpeulgjh Xqlyhuvlw| Suhvv1

^7`1 Fudjj/ M1J1 +4<:4,/ cVrph vwdwlvwlfdo prghov iru olplwhg ghshqghqw

yduldeohv zlwk dssolfdwlrqv wr wkh ghpdqg iru gxudeoh jrrgv/*Hfrqrphwulfd

6</ ;5<0;771

^8`1 Ghsduwphqw ri Yhwhudqv D�dluv +4<<8,/ cQdwlrqdo Vxuyh| Ri Yhwhu0

dqv*1

^9`1 Gz|hu/ G1V1/ Plwfkhoo/ R1V1 +4<<<,/ cKhdowk sureohpv dv ghwhuplqdqwv

ri uhwluhphqw= Duh vhoi0udwhg phdvxuhv hqgrjhqrxvB*/ Mrxuqdo ri Khdowk Hfr0

qrplfv 4;/ 4:604<61

^:`1 Jrrgpdq/ D1/ Iroodqg/ V1/ dqg Vwdqr/ P1 +4<<6,/ �Wkh hfrqrplfv ri

khdowk dqg khdowk fduh�/ Pdfploodq1

^;`1 Jrxulhurx{/ F1/ Prqiruw/ D1/ Uhqdxow/ H1/ dqg Wurjqrq/ D1 +4<;:,/

cJhqhudol}hg uhvlgxdov*/ Mrxuqdo ri Hfrqrphwulfv 67/ 80651

^<`1 Jurjjhu/ M1 +4<<3,/ cD vlpsoh whvw iru h{rjhqhlw| lq surelw/ orjlw/ dqg

6;



srlvvrq uhjuhvvlrq prghov*/ Hfrqrplfv Ohwwhuv+66,/ 65<06651

^43`1 Jxupx/ V1/ +4<<:,/ cVhpl0sdudphwulf hvwlpdwlrq ri wkh kxugoh uhjuhv0

vlrq prghov zlwk dq dssolfdwlrq wr phglfdlg xwlol}dwlrq/* Mrxuqdo ri Dssolhg

Hfrqrphwulfv/ Yro1 45/ 55805751

^44`1 Kr�/ U1D1/ Urvhqkhfn/ U1D1/ cIhpdoh yhwhudqv* xvh ri ghsduwphqw ri

yhwhudqv d�dlu*v khdowk fduh vhuylfhv*/ Phglfdo Fduh/ Mxo|/4<<;/ 69+:,/ 44470

444<1

^45`1 Mrqhv/ D1 P1 +4<;<,/ *D Grxeoh0Kxugoh Prgho ri Fljduhwwh Frq0

vxpswlrq*/ Mrxuqdo ri Dssolhg Hfrqrphwulfv/ Yro1 7 5606<1

^46`1 Orxlv hw do1 +4<<:,/ cRq wkh fdofxodwlrq ri pdujlqdo h�hfwv lq wkh

elyduldwh surelw prgho*/ Hfrqrplfv Ohwwhuv +87, 536053;1

^47`1 Phglfdo Fduh Yro16:/ Qr17/ YD Vxssohphqw 4<<<1

^48`1 Pxoodk|/ M1 +4<;9,/ cVshfl�fdwlrq dqg whvwlqj ri vrph prgl�hg frxqw

gdwd prghov1* Mrxuqdo ri Hfrqrphwulfv/ 66=67406981

^49`1 Srkophlhu/Z1/ Xoulfk/ Y1 +4<<8,/ cDq hfrqrphwulf prgho ri wkh

wzr0sduw ghflvlrq pdnlqj surfhvv lq wkh ghpdqg iru khdowk fduh* Mrxuqdo ri

Kxpdq Uhvrxufhv/ [[[15 66<068<1

^4:`1 Urphlv/ F1W1/ Jloohvslh/ N1Q1/ Frh/ P1U1/ +4<;;, cRoghu Yhwhudqv*

Ixwxuh Xvh ri YD Khdowk Fduh Vhuylfhv*/ Phglfdo Fduh/ Vhsw1 4<;;/ Yro1 59/

Qr1<1

^4;`1 Vplwk/ M1 U1/ dqg Eoxqghoo/ Z1 U1 +4<;9,/ *Dq h{rjhqhlw| whvw iru

d vlpxowdqhrxv htxdwlrq wrelw prgho zlwk dq dssolfdwlrq wr oderu vxsso|*/

Hfrqrphwulfd/ 87+6,/ 9:<09;91

^4<`1 Xqlwhg Vwdwh Jhqhudo Dffrxqwlqj R!fh/ cYhwhudqv* Khdowk Fduh=

6<



Fkdoohqjhv idflqj YD*v hyroylqj uroh lq vhuylqj yhwhudqv*/ +JDR2W0KHKV0

<;04<7,1

^53`1 Xqlwhg Vwdwh Jhqhudo Dffrxqwlqj R!fh/ cYhwhudqv* Khdowk Fduh=

Fkdoohqjhv iru wkh ixwxuh*/ +JDR2W0KHKV0<904:5,1

^54`1 Xqlwhg Vwdwh Jhqhudo Dffrxqwlqj R!fh/ cYhwhudqv* Khdowk Fduh=

H{sorulqj rswlrqv wr lpsuryh yhwhudqv* dffhvv wr YD idflolwlhv/* +JDR2KHKV0

<9085,1

^55`1 Xqlwhg Vwdwh Jhqhudo Dffrxqwlqj R!fh/ cYhwhudqv* Khdowk Fduh=

Krz glvwdqfh iurpYD idflolwlhv d�hfwv yhwhudqv* xvh ri YD vhuylfhv/* +JDR2W0

KHKV0<9064/ Ghf153/4<<8,1

^56`1 Xqlwhg Vwdwh Jhqhudo Dffrxqwlqj R!fh/ cYhwhudqv* Khdowk Fduh=

Lpsolfdwlrqv ri rwkhu frxqwulhv* uhirupv iru wkh Xqlwhg Vwdwhv*/ +JDR2KHKV0

<70543EU/ Vhsw1 5:/ 4<<7,1

^57`1 Xqlwhg Vwdwh Jhqhudo Dffrxqwlqj R!fh/ cYhwhudqv* Khdowk Fduh=

Prvw fduh surylghg wkurxjk qrq0YD surjudpv* +JDR2KHKV0<70437EU/ Dsu1

58/ 4<<7,1

^58`1 Xqlwhg Vwdwh Jhqhudo Dffrxqwlqj R!fh/ cYhwhudqv* Khdowk Fduh=

Xvh ri YD vhuylfhv e| Phglfduh0holjleoh yhwhudqv *1+JDR2KHKV0<8046/ Rfw1

57/ 4<<7,1

^59`1 Zklwh/ K1 +4<;5,/ cPd{lpxp olnholkrrg hvwlpdwlrq ri plvvshfl�hg

prghov/* Hfrqrphwulfd/ 83/40581

^5:`1 Zlqgphlmhu/ I1D1J1/ Vdqwrv Vloyd/ M1P1F1 +4<<:,/ cHqgrjhqhlw| lq

frxqw gdwd prghov= dq dssolfdwlrq wr ghpdqg iru khdowk fduh/* Mrxuqdo ri

Dssolhg Hfrqrphwulfv/ Yro145/ 5;405<71
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^5;`1 Zlqnhopdqq/ U1/ dqg ]lpphupdqq/ N1 I1 +4<<8,/ cUhfhqw ghyhors0

phqw lq frxqw gdwd prgholqj= wkhru| dqg dssolfdwlrq/* Mrxuqdo ri Hfrqrplf

Vxuyh|v Yro1 </ Qr14/ 40561
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