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Ulvn dqg Lqfhqwlyhv lq Vkduhfursslqj � Hylghqfh

iurp Prghuq X1V1 Djulfxowxuh

Hxjhqh Fdqmhov

Rfwrehu/ 4<<;

Devwudfw

D qhz gdwd vhw vkrzv wkh h{whqvlyh xvh ri vkduhfursslqj lq prghuq

X1V1 djulfxowxuh sduwlfxoduo| lq zkhdw/ ulfh/ fruq/ vr|ehdqv/ dqg frwwrq1 Iru

wkhvh �yh fursv/ L lqyhvwljdwh wkh lpsruwdqfh ri ulvn dqg wkuhh w|shv ri

lqfhqwlyh sureohpv wkdw duh frpprqo| uhjdughg wr cfdxvh* vkduhfursslqj1 D

gluhfw phdvxuh ri ulvn iurp frxqw| ohyho zhdwkhu gdwd lv frqvwuxfwhg dqg

wklv phdvxuh lv d pdmru h{sodqdwlrq lq wkh fkrlfh ehwzhhq fdvk dqg vkduh

3
L dssuhfldwh wkh khos ri Mrh Dowrqml/ Fkulv Xgu|/ Pdun Zdwvrq/ Mr|fh Frrshu/ Jdxul

Sudndvk/ dqg Khdwkhu Erxvkh|1 Doo huuruv duh plqh1 L wkdqn Gu1 Urehuw PfJxfnlq ri

wkh Fhqwhu iru Hfrqrplf Vwxglhv dqg wkh Ervwrq Uhvhdufk Gdwd Fhqwhu iru wkh xvh ri

wkhlu idflolwlhv/ dqg Mrkq Eodfnohgjh ri wkh Exuhdx ri wkh Fhqvxv iru surylglqj ph zlwk

wkh DHORV gdwd1 Wkh rslqlrqv dqg frqfoxvlrqv h{suhvvhg lq wklv sdshu duh wkrvh ri

wkh dxwkru dqg gr qrw qhfhvvdulo| uhsuhvhqw wkrvh ri wkh Exuhdx ri wkh Fhqvxv1 Wklv

sdshu lv vfuhhqhg wr hqvxuh wkdw lw grhv qrw glvforvh frq�ghqwldo lqirupdwlrq1 Ilqdqfldo

vxssruw iurp Qruwkzhvwhuq Xqlyhuvlw| lq wkh irup ri d glvvhuwdwlrq |hdu judqw lv judwhixoo|

dfnqrzohgjhg1

4
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frqwudfwv1 Wkh srwhqwldo iru h{sorlwdwlrq ri wkh odqg e| wkh whqdqw lv dovr dq

lpsruwdqw ghwhuplqdqw ri whqdqf| fkrlfh1 Ilqdoo|/ iru wkuhh lqsxwv/ ihuwlol}hu/

shwurohxp surgxfwv/ dqg khuelflghv ) shvwlflghv/ lqfhqwlyh sureohpv lq wkh

surylvlrq ri lqsxwv e| wkh whqdqw duh vkrzq wr h{lvw1 Iru wkhvh lqsxwv/ L

vkrz wkdw vkduhfursshuv xvh ohvv wkdq fdvk uhqwhuv/ exw wklv gl�huhqfh lv

holplqdwhg zkhq wkh frvwv ri wkhvh lqsxwv duh dovr vkduhg1
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%Vr |rx vd| wkdw wkh oderuhu dv vxfk vkrxog eh dq hohphqw wr eh

vwxglhg dqg xvhg dv d jxlgh lq wkh fkrlfh ri djulfxowxudo phwkrgv1%

Dqqd Nduhqlqd/ Ohr Wrovwr|1

4 Lqwurgxfwlrq

Vkduhfursslqj lv d irup ri dq djulfxowxudo odqg ohdvh frqwudfw wkdw kdv sx}}ohg

hfrqrplvwv iru fhqwxulhv1 Lqvwhdg ri sd|lqj d suhghwhuplqhg dprxqw ri uhqw wkh

whqdqw djuhhv wr jlyh wkh odqgorug d vkduh ri wkh rxwsxw1 Vlplodu frqwudfwv duh

irxqg lq pdq| rwkhu vhfwruv/ h1j1/ wkh �vklqj lqgxvwu| +Sodwhdx dqg Qxjhqw 4<;7,

dqg wkh iudqfklvlqj ri idvw irrg uhvwdxudqwv +Odirqwdlqh 4<<7,1 Wkh ulvh ri wkh

djhqf| olwhudwxuh kdv juhdwo| lpsuryhg rxu xqghuvwdqglqj ri frqwudfw fkrlfh/ do0

wkrxjk vrph ri wkh lvvxhv lqyroyhg zhuh uhdol}hg orqj ehiruh1 Pduvkdoo +4;<3,

irupdol}hg wkh lqfhqwlyh sureohp lq vkduhfursslqj/ zkloh Kljjv +4;<5, sursrvhg

wkh ulvn vkdulqj dgydqwdjhv1

Iru vhyhudo uhdvrqv vkduhfursslqj lv dq lghdo fdqglgdwh wr whvw wkh xvhixoqhvv ri

wkh wkhruhwlfdo djhqf| olwhudwxuh dqg vxjjhvw gluhfwlrqv iru ixwxuh uhvhdufk1 Iurp

d wkhruhwlfdo srlqw ri ylhz/ vkduhfursslqj lv yhu| forvh wr wkh vlpsohvw ri doo djhqf|

prghov/ wkh fodvvlfdo sulqflsdo djhqw sureohp1 Wkh frqwudfw lv ehwzhhq rqh sulq0

flsdo +wkh odqgorug,/ rqh djhqw +wkh whqdqw,/ dqg qr rwkhu sod|huv duh lqyroyhg1

Wkh hqylurqphqw lv ulvn| vlqfh sur�wv duh juhdwo| d�hfwhg e| folpdwlf dqg sulfh
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xqfhuwdlqw|/ dqg glyhuvli|lqj wkh ulvn lv gl!fxow1 H�ruw lv kdug wr revhuyh/ dqg

srvvleo| hyhq kdughu wr hqirufh +�ulqj wkh whqdqw lv qrw uhdoo| dq rswlrq/ dowkrxjk

rqh fdq uhixvh wr uhqhz wkh frqwudfw,1 Ilqdoo|/ wkh rssruwxqlw| iru d uhshdwhg

jdph vroxwlrq lv olplwhg/ ehfdxvh lw wdnhv d ixoo |hdu iru rqh cjdph* wr �qlvk1

4

Iurp dq hpslulfdo srlqw ri ylhz wkh odujh qxpehu ri vlplodu revhuydwlrqv pdnhv

dq hfrqrphwulf dqdo|vlv pruh srzhuixo1

Zkloh wkhuh lv dq dexqgdqfh ri hpslulfdo vwxglhv rq vkduhfursslqj/ zklfk kdyh

surylghg ydoxdeoh lqirupdwlrq/ wkuhh lvvxhv prwlydwh wkh fxuuhqw uhvhdufk1 Iluvw/

doprvw doo rwkhu uhvhdufk kdv orrnhg dw fxuuhqw ghyhorslqj hfrqrplhv ru klvwrulfdo

fdvhv lq wkh X1V1 dqg Hxursh1

5
Lq frqwudvw/ L zloo h{dplqh vkduhfursslqj lq prghuq

djulfxowxuh1 Wkh gdwd vhw wkdw pdnhv wklv srvvleoh lv wkh 4<;; Djulfxowxudo Hfr0

qrplfv dqg Odqg Rzqhuvkls Vxuyh| +DHORV,/ zklfk lv d vshfldo vxuyh| uhodwhg

wr wkh 4<;: Fhqvxv ri Djulfxowxuh1 D ghwdlohg ghvfulswlrq ri wkh gdwd lv jlyhq lq

Fdqmhov +4<<9,1 Vhfrqg/ suhylrxv hpslulfdo uhvhdufk kdv irfxvvhg pdlqo| rq wkh

lqfhqwlyh sureohp= lv vkduhfursslqj lqh!flhqw +lq d surgxfwlrq vhqvh, frpsduhg

wr �{hg uhqw ru rzqhuvklsB Wklv uhvhdufk wdnhv d eurdghu shuvshfwlyh dqg dvnv

zk| vkduh frqwudfwv duh ehlqj xvhg dqg zkdw duh wkh h�hfwv ri wklv1

Wkh dqdo|vlv orrnv dw wkh ghwhuplqdqwv ri wkh fkrlfh ehwzhhq �{hg uhqw dqg

4
Vlqfh rq dyhudjh frqwudfwv duh uhshdwhg 43 wr 48 |hduv ghshqglqj rq wkh uhjlrq/

uhshdwhg jdphv vhhp wr surylgh d sduwldo vroxwlrq1

5
Wr p| nqrzohgjh/ wkh vroh h{fhswlrq lv Doohq dqg Oxhfn + 4<<5d/ 4<<5e/ 4<<6,1
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vkduhfursslqj1

6
D xqltxh ihdwxuh lv wkh lqfoxvlrq ri d phdvxuh ri folpdwlf ulvn/

zklfk lv vkrzq wr eh dq lpsruwdqw idfwru lq wklv fkrlfh1 L dovr orrn dw wkh h�hfw ri

wkh fkrlfh ri frqwudfw rq wkh xvh ri fhuwdlq lqsxwv1 Zkloh wklv kdv ehhq h{soruhg

lq d odujh qxpehu ri sdshuv/ suhylrxv hpslulfdo uhvhdufk kdv qhjohfwhg wr wdnh wkh

xvh ri frvw vkdulqj duudqjhphqwv lqwr frqvlghudwlrq1 L vkrz wkdw zkloh wkhuh lv dq

lqfhqwlyh sureohp lq vkduhfursslqj/ wklv fdq eh hdvlo| uhvroyhg e| wkh xvh ri frvw

vkdulqj1 Vrph h{sodqdwlrqv duh vxjjhvwhg iru zk| frvw vkdulqj lv qrw dozd|v xvhg1

D �qdo uhvxow lv wkdw wklv sdshu lv wkh �uvw wr suhvhqw gluhfw txdqwl�hg hylghqfh

wkdw vkduhfursslqj odqgorugv duh pruh lqyroyhg lq wkh surgxfwlrq surfhvv wkdq

fdvk odqgorugv1 Zkhwkhu wkh lqyroyhphqw ri vkduh odqgorugv vkrxog eh lqwhusuhwhg

dv dq lqsxw wkdw lv vxemhfw wr prudo kd}dug sureohpv/ ru dv prqlwrulqj/ lv vwloo

xquhvroyhg1

Wkh sdshu lv odlg rxw dv iroorzv1 Iluvw/ L eulh | uhylhz wkh lvvxhv zklfk duh

vxjjhvwhg lq wkh wkhruhwlfdo olwhudwxuh dqg wkdw kdyh uhfhlyhg wkh prvw vxssruw

dprqj hfrqrplvwv1 L pryh rq wr d ghvfulswlrq ri wkh fkdudfwhulvwlfv ri whqdqf| dqg

vkduhfursslqj lq prghuq X1V1 djulfxowxuh/ zklfk lv qhfhvvdu| wr sxw wkh uhvxowv lq

surshu shuvshfwlyh1 Vhfwlrq 7 suhvhqwv wkh uhvxowv ri wkh hpslulfdo dqdo|vlv/ dqg

vhfwlrq 8 frqfoxghv1

Ehiruh frqwlqxlqj/ lw lv xvhixoo wr glvfxvv wkh whuplqrorj| xvhg lq wklv sdshu1

6
Wkh zdjh frqwudfw lv qrw frqvlghuhg/ vlqfh lw lv uduho| xvhg lq djulfxowxuh iru pdq0

djhuldo oderu1 Wkh dowhuqdwlyh ri rzqhuvkls lv ohiw iru ixwxuh uhvhdufk1
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Iluvw/ wkh whup vkduhfursslqj ghvfulehv d odqg ohdvh frqwudfw lq zklfk wkh uhqw

sdlg ghshqgv rq wkh rxwsxw surgxfhg1

7
Wklv frqirupv wr wkh xvh ri wkh whup

lq ghyhorsphqw hfrqrplfv1 Lq Dphulfdq djulfxowxudo hfrqrplfv d glvwlqfwlrq lv

pdgh ehwzhhq vkduhfursslqj dqg furs0vkduh +dqg olyhvwrfn0vkduh, frqwudfwv1 Wkh

iruphu uhihuv wr wkh frpsohwh v|vwhp ri oderu pdqdjhphqw pdlqo| lq frwwrq lq wkh

srvw0ehooxp Vrxwk1 Wkh odwwhu lv forvhu wr wkh phdqlqj ri wkh zrug vkduhfursslqj

dv gh�qhg khuh1 Fdvk ru �{hg uhqw frqwudfwv vwdqg lq frqwudvw wr vkduhfursslqj1

Wkh whup fdvk0uhqw lv pruh srsxodu lq Dphulfdq djulfxowxudo hfrqrplfv/ zkloh

ghyhorsphqw hfrqrplvwv dqg lqirupdwlrq wkhrulvwv whqg wr xvh wkh whup �{hg uhqw1

Erwk whupv duh xvhg khuh lqwhufkdqjhdeo|1

Dq rshudwru ru iduphu lv wkh shuvrq zkr pdnhv wkh gd|0wr0gd| pdqdjhphqw

ghflvlrqv1 Kh fdq eh d rzqhu rshudwru phdqlqj wkdw kh rzqv doo wkh odqg kh wloov/

d sxuh whqdqw phdqlqj kh grhv qrw rzq wkh odqg kh wloov/ ru d whqdqw phdqlqj

wkdw kh ohdvhv vrph ri wkh odqg exw pljkw dovr rzq vrph ri wkh odqg1 Whqdqwv fdq

eh jurxshg lqwr vkduhfursshuv dqg fdvk uhqwhuv1 Vlploduo|/ odqgorugv duh jurxshg

lqwr vkduh odqgorugv dqg fdvk odqgorugv1 Vlqfh wkh pdmrulw| ri rshudwruv duh pdoh

wkh| duh uhihuuhg wr kh1 Wkh pdmrulw| ri odqgorugv/ krzhyhu/ duh ihpdoh dqg zloo

wkhuhiruh eh uhihuuhg wr dv vkh1

7
Dowkrxjk iru wkh hpslulfdo dqdo|vlv fdvk ohdvhv zklfk fdq eh dgmxvwhg lq wkh fdvh ri

xqxvxdo flufxpvwdqfhv duh frxqwhg dv �{hg uhqw frqwudfwv1



:

5 Wkhruhwlfdo Edfnjurxqg

L orrn lq wklv sdshu dw wkuhh lvvxhv zklfk kdyh irxqg wkh prvw vxssruw dprqj

hfrqrplvwv1

8
Iluvw ri doo/ wkh whqdqw dqg odqgorug duh ulvn dyhuvh1 Vkduhfursslqj

kdv dq reylrxv dgydqwdjh ryhu �{hg uhqw frqwudfwv lq wklv uhjdug1 Krzhyhu/ wklv

dgydqwdjh lv vpdoo li wkh whqdqw kdv rwkhu phdqv wr vwdelol}h klv frqvxpswlrq ryhu

wlph/ lq sduwlfxodu vdylqj dqg glvvdylqj/ dqg glyhuvl�fdwlrq1 Suhylrxv hpslulfdo

uhvhdufk kdv ehhq xqvxffhvvixo lq vkrzlqj wkdw ulvn dyhuvlrq d�hfwv whqdqf| fkrlfh1

Wkh vhfrqg lvvxh lv prudo kd}dug sureohpv lq wkh surylvlrq ri lqsxwv e| wkh

whqdqw dqg wkh odqgorug1 Wkh whqdqw ri frxuvh surylghv oderu dqg h�ruw/ exw dovr

vhhg/ ihuwlol}hu/ hwf1 Qrw hyhu| odqgorug lv deoh wr mxgjh zkdw wkh rswlpxp dprxqw

lv/ dqg hyhq li vkh frxog/ lw zrxog eh kdug wr hqirufh1 Zkhq wkh dprxqw xvhg lv

revhuyhg exw wkh rswlpdo dprxqw lv xqnqrzq wr wkh odqgorug/ wkh prudo kd}dug

sureohp fdq eh uhvroyhg e| vkdulqj wkh frvw lq wkh vdph zd| dv wkh rxwsxw1 Dv L

zloo vkrz odwhu frvw vkdulqj lv zlgho| xvhg lq wkh X1V1 iru fhuwdlq lqsxwv1 Olnh wkh

whqdqw wkh odqgorug dovr riwhq surylghv ydoxdeoh lqsxwv/ lq sduwlfxodu pdqdjhuldo

h{shuwlvh/ fdslwdo htxlsphqw/ dqg fuhglw1

Wkh odvw lvvxh kdv ehhq sursrvhg pruh uhfhqwo| dqg lv derxw odqg h{sorlwdwlrq1

Odqg lv d orqj0whup dvvhw1 Wkh whqdqw kdv wkh rssruwxqlw| wr h{sorlw wkh odqg wr

lqfuhdvh wkh fxuuhqw surgxfwlrq ru sur�w dw wkh h{shqvh ri wkh orqj uxq surgxfwlylw|

8
Wkuhh jrrg uhylhzv duh Md|qhv +4<;7,/ Vlqjk +4<;<,/ dqg Rwvxnd/ Fkxpd dqg Kd|dpl

+4<<5,1
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ri wkh odqg1 Wkh pdmru frqfhuqv duh wkh qxwulhqw frqwhqw/ wkh zdwhu frqwhqw/ dqg

vrlo hurvlrq1

Lq wkh prvw jhqhudo prgho zlwk doo wkuhh lvvxhv hqwhulqj/ whvwdeoh k|srwkhvlv duh

kdug wr rewdlq1 Kduw dqg Kropvwurp +4<;:/ ;;, dujxh wkdw �wkh pdlq suhglfwlyh

frqwhqw ri wkh edvlf djhqf| prgho lv lq wkh vx!flhqw vwdwlvwlf uhvxow/ zklfk whoov

zkdw lqirupdwlrq vkrxog hqwhu lqwr d frqwudfw lq wkh �uvw sodfh�1 Wklv phdqv wkdw

doo lqirupdwlrq zklfk khosv wr suhglfw wkh rxwfrph vkrxog hqwhu lq wkh frqwudfw1

9

Lq Fdqmhov +4<<9, d prgho lv suhvhqwhg zlwk vwurqj ixqfwlrqdo irup uhvwulfwlrqv

dqg qr lqwhudfwlrq ehwzhhq wkh gl�huhqw lvvxhv1 Wklv prgho surylghv wkh iroorzlqj

uhvxowv1

� Ulvn dyhuvlrq1

� Sorwv orfdwhg lq pruh ulvn| uhjlrqv duh pruh olnho| wr eh vkduhfursshg1

:

� Prudo kd}dug rq wkh whqdqw*v vlgh1

� Li prqlwrulqj lv pruh frvwo| wkh suredelolw| ri fdvk uhqw lqfuhdvhv1

9
Rq wklv dffrxqw wkh wkhrulhv idlo vlqfh lqirupdwlrq rwkhu wkdq rxwsxw/ vxfk dv zhdwkhu

dqg surgxfwlrq rq wkh qhljkeruv sorw/ kdugo| hyhu hqwhuv wkh frqwudfw1 Wkh ghflvlrq wr

uhqhz wkh frqwudfw suredeo| grhv ghshqg rq dgglwlrqdo lqirupdwlrq1

:
Lq wkhru| wkh h�hfw ri ulvn fdq jr hlwkhu zd|1 Iru lqvwdqfh li wkhuh lv rqo| d prudo

kd}dug sureohp rq wkh odqgorug*v vlgh/ pruh ulvn lqfuhdvhv wkh suredelolw| ri fdvk uhqw1

Li wkh prudo kd}dug sureohp lv rqo| rq wkh whqdqw*v vlgh wkhq pruh ulvn lqfuhdvhv wkh

suredelolw| ri vkduhfursslqj1 Vlqfh zh rqo| revhuyh vkduh dqg fdvk frqwudfwv dqg qr

zdjh frqwudfwv lw lv olnho| wkdw wkh vhfrqg fdvh lv pruh uhohydqw1



<

� Vkduhfursshuv zkr grq*w xvh frvw vkdulqj xvh ohvv lqsxwv wkdq fdvk

uhqwhuv1

� Vkduhfursshuv zkr gr xvh frvw vkdulqj xvh wkh vdph dprxqw ri lqsxwv

dv fdvk uhqwhuv1

� Prudo kd}dug rq wkh odqgorug*v vlgh1

� Vkduh odqgorugv surylgh pruh lqsxwv wkdq fdvk odqgorugv

� Odqgorugv zlwk ohvv fdslwdo ru ohvv djulfxowxudo nqrzohgjh duh pruh olnho|

wr fkrvh fdvk uhqw1

� Whqdqwv zlwk pruh fdslwdo ru pruh djulfxowxudo nqrzohgjh duh pruh

olnho| wr fkrvh fdvk uhqw1

� Odqg h{sorlwdwlrq1

� Hurgleoh odqg lv pruh olnho| wr eh vkduhfursshg1

� Li prqlwrulqj lv pruh frvwo| wkh suredelolw| ri vkduh uhqw lqfuhdvhv1

� Li lqsxw xvh lv srvlwlyho| fruuhodwhg zlwk odqg h{sorlwdwlrq/ fdvk uhqwhuv

xvh wkh prvw lqsxwv vlqfh wkh| zloo h{sorlw wkh odqg wkh prvw> rzqhu

rshudwruv xvh wkh ohdvw lqsxwv1

Zkloh wkhvh uhvxowv doo duh yhu| uhdvrqdeoh zh kdyh wr nhhs lq plqg wkdw wkh|

duh rqo| lqglfdwlyh/ dqg fdqqrw eh suryhq lq d jhqhudo prgho zlwk lqwhudfwlrq
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dprqj wkh gl�huhqw idfwruv1 Wkh k|srwkhvhv deryh zloo eh whvwhg lq wkh hpslulfdo

vhfwlrq/ exw �uvw L zloo ghvfuleh wkh hqylurqphqw lq zklfk vkduhfursslqj lv fxuuhqwo|

sudfwlfhg1

6 Vkduhfursslqj lq wkh Xqlwhg Vwdwhv

Lw lv zhoo nqrzq wkdw vkduhfursslqj zdv zlgho| xvhg lq wkh frwwrq surgxfwlrq lq wkh

Vrxwk diwhu wkh Flylo Zdu1 Ohvv nqrzq lv wkdw lq wkh vdph shulrg vkduh frqwudfwv

zhuh suhydohqw lq prvw rwkhu fursv dqg uhjlrqv1 Vkduhfursslqj frqwlqxhg wr eh d

frpprq irup iru ohdvh frqwudfwv xqwlo derxw 4<931 Diwhu wklv/ d vwhdg| ghfolqh vhw

lq +h1j1/ Uhlg 4<:<, ri zklfk wkh h{dfw uhdvrqv duh xqfohdu1 Zkloh vkduhfursslqj

lv vwloo ghfolqlqj/ lw kdv idu iurp glvdsshduhg1 Lq 4<;;/ 6519 shufhqw ri doo dfuhv

ohdvhg zhuh vkduhfursshg1 +Ohdvlqj/ lqfoxglqj vkduh dqg fdvk uhqwv/ dffrxqwhg iru

781< shufhqw ri doo djulfxowxudo odqg1, Wdeoh 4 dqg 5 vkrz wkdw vkduhfursslqj lv

sduwlfxodu frpprq lq wkh Plgzhvw dqg iru �yh fursv= zkhdw/ ulfh/ fruq/ vr|ehdqv/

dqg frwwrq1

Wkh dqdo|vlv lq wkh uhvw ri wkh sdshu lv olplwhg wr wkhvh �yh fursv iru wkh

iroorzlqj uhdvrqv1 Iluvw/ dv vkrzq deryh vkduhfursslqj lv frpprq lq wkhvh �yh

fursv1 Vhfrqg/ wkh| dffrxqw iru derxw kdoi ri doo vkduhfursslqj lq wkh X1V1 Wklug/

wkhvh fursv duh uhdvrqdeo| krprjhqhrxv1 Ilqdoo|/ wkh qxpehu ri revhuydwlrqv iru

wkhvh fursv lv odujh hqrxjk wr fduu| rxw d phdqlqjixo furs vshfl�f dqdo|vlv1
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Wdeoh 4= Frqwudfw Fkrlfh e| Uhjlrq

( ri odqg

Q Fdvk Vkduh Rwkhu

Qhz Hqjodqg 6/34: ;614 ;1; ;14

Plggoh Dwodqwlf 4/77< ;;19 615 ;14

Hdvw Qruwk Fhqwudo 8/6;6 831< 7:1< 416

Zhvw Qruwk Fhqwudo </939 8;1< 6<15 41<

Vrxwk Dwodqwlf </485 ;918 4319 51;

Hdvw Vrxwk Fhqwudo 5/9;3 :<1; 4:1; 517

Zhvw Vrxwk Fhqwudo 8/8;< 9914 641; 514

Prxqwdlq 8/:5< :717 5419 713

Sdfl�f 7/85: 9<17 6314 318

X1V1 7:/465 9815 6519 515

Qrwhv= Xqohvv lqglfdwhg rwkhuzlvh/ doo wdeohv duh

edvhg rq fdofxodwlrqv e| wkh dxwkru xvlqj wkh DH0

ORV gdwd1
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Wdeoh 5= Frqwudfw Fkrlfh iru 8 Fursv

( ri odqg

Q Fdvk Vkduh Rwkhu

Zkhdw 4/<38 7;1; 8315 413

Ulfh 977 6<1: 8:1; 518

Fruq 5/9;9 8315 7:1< 41<

Vr|ehdqv 5/686 791: 8515 414

Frwwrq 5/933 781; 8619 319

Zkloh vkduhfursshuv duh riwhq wkrxjkw r� dv lpsryhulvkhg/ h{sorlwhg whqdqwv/

wklv slfwxuh lv idu iurp wkh uhdolw| lq prghuq djulfxowxuh1 Fdqmhov +4<<9, vkrzv

wkdw vkduhfursshuv duh yhu| vlplodu wr fdvk uhqwhuv lq whupv ri lqfrph/ zhdowk/

hgxfdwlrq/ idup vl}h/ hwf1 Wkh| duh dovr qrw cerqghg* wr rqh odqgorug= 6< shufhqw

ri wkh vkduhfursshuv kdyh wkuhh ru pruh odqgorugv1

Wkh odqgorugv fdq eh jurxshg lq wkuhh fdwhjrulhv= dfwlyh iduphuv +:14(,/ uhwluhg

iduphuv +6<19(, dqg qrq0iduphuv +9816(,1

;
Wkh odvw jurxs frqwdlqv khluv ri odqg

+urxjko| kdoi, dqg lqyhvwruv1 Jlyhq wkh lvvxhv suhvhqwhg lq wkh suhylrxv vhfwlrq/

hvshfldoo| wkh lqfhqwlyh sureohpv/ rqh suhglfwv d odujh gl�huhqfh ehwzhhq wkrvh

wkuhh jurxsv ri odqgorugv lq wkhlu suhihuhqfhv iru vkduh frqwudfwv1 Dv fdq eh vhhq

;
Sxeolf odqgorugv dqg irrg frusrudwlrqv duh d yhu| vpdoo iudfwlrq ri doo odqgorugv lq

wkhvh �yh fursv1
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lq wdeoh 6/ dfwlyh iduplqj odqgorugv duh pruh olnho| wkdq uhwluhg iduphuv dqg qrq

iduphuv wr fkrrvh vkduh frqwudfwv1 Iru lqvwdqfh/ lq zkhdw surgxfwlrq 9819 shufhqw

ri doo odqgorugv zkr duh dfwlyh iduphuv fkrrvh d vkduh frqwudfw/ zkloh 891; shufhqw

ri doo uhwluhg iduphuv/ dqg 8519 shufhqw ri doo qrq0iduplqj odqgorugv gr vr1

Wkh wkhruhwlfdo prghov ri frqwudfw fkrlfh suhglfw wkdw hyhu| vkduh frqwudfw

vkrxog eh d frpsolfdwhg ixqfwlrq ri wkh fkdudfwhulvwlfv ri wkh odqgorug/ wkh whqdqw/

dqg wkh hqylurqphqw1 Lq frqwudvw wr wkh wkhruhwlfdo suhglfwlrq/ vkduh frqwudfwv

lq uhdolw| duh vxusulvlqjo| vlpsoh dqg jhqhudoo| xqlirup zlwklq uhjlrqv1 Pruh0

ryhu/ wkh| duh vlplodu wr frqwudfwv xvhg lq rwkhu frxqwulhv dqg xqghu rwkhu flu0

fxpvwdqfhv1

<
Lq sduwlfxodu/ wkh uhqw lv xvxdoo| d �{hg vkduh ri rxwsxw zlwk qr

dgglwlrqdo fdvk sd|phqwv1 Wkh vkduh lv qrupdoo| d vlpsoh iudfwlrq/ zlwk 425/ 526/

627/ ru 628 ri wkh rxwsxw jrlqj wr wkh whqdqw1 Frqwudfwv zlwklq d uhjlrq jhqhudoo|

xvh wkh vdph iudfwlrq h{fhsw zkhq wkh odqg lv h{fhswlrqdoo| jrrg ru edg1 Ehvlghv

vkdulqj wkh rxwsxw/ wkh frvwv ri fhuwdlq lqsxwv +h1j1/ vhhg/ ihuwlol}hu/ khuelflghv/ dqg

shvwlflghv, duh dovr riwhq vkduhg ehwzhhq odqgorug dqg whqdqw lq wkh vdph udwlr dv

wkh rxwsxw +Doohq dqg Oxhfn 4<<4,1 Frvw vkdulqj zloo eh lqyhvwljdwhg ixuwkhu lq

wkh hpslulfdo vhfwlrq1

<
Edugkdq dqg Uxgud +4<;3, jlyh d yhu| ghwdlohg ghvfulswlrq ri wkh irup ri vkduhfurs0

slqj lq Lqgld1 Wkh lqirupdwlrq suhvhqwhg khuh derxw wkh X1V1 gudzv rq wkh DHORV/

Doohq dqg Oxhfn +4<<5d/ 4<<5e/ 4<<6, dqg vhyhudo vxuyh|v frqgxfwhg e| Frrshudwlyh

H{whqvlrq Vhuylfhv ri wkh ydulrxv vwdwhv1
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Wdeoh 6= Frqwudfw Fkrlfh e| Rffxsdwlrq ri Odqgorug

( ri doo frqwudfwv

Rffxsdwlrq Q Fdvk Vkduh Rwkhu

zkhdw iduphu 488 631<5 9818; 6183

uhwluhg iduphu 639 731<6 891;3 515:

qrw d iduphu 986 77139 8518: 6169

ulfh iduphu 53 4:16< ;5194 3133

uhwluhg iduphu ;4 731;6 871;9 7165

qrw d iduphu 4<< 74183 8;134 317<

fruq iduphu 45: 6<1;3 86133 :153

uhwluhg iduphu 79: 89148 73169 617<

qrw d iduphu 4456 8713: 6<157 919<

vr|ehdqv iduphu 433 761:3 88145 414;

uhwluhg iduphu 694 7614; 851<3 61<5

qrw d iduphu <7: 83175 781;3 61:;

frwwrq iduphu 46: 731<< 8;1:7 315:

uhwluhg iduphu 685 7;1;< 7:139 7138

qrw d iduphu <77 731:; 891;3 5175
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7 Hpslulfdo Uhvxowv

714 Wkh Hvwlpdwlrq ri Ulvn

Dpdmru frpsrqhqw ri wrwdo sur�w0ulvn lv |lhog0ulvn gxh wr zhdwkhu yduldwlrq1 L frq0

vwuxfw d gluhfw phdvxuh ri folpdwlf ulvn xvlqj sdqho gdwd rq |lhogv dqg zhdwkhu1

43

Wkh Qdwlrqdo Folpdwlf Gdwd Fhqwhu pdlqwdlqv prqwko| gdwd rq suhflslwdwlrq/ whp0

shudwxuh/ dqg Sdophu Gurxjkw Vhyhulw| Lqgh{ iru wkh odvw 433 |hduv e| folpdwlf

glylvlrq1 Wkh X1V1 Ghsduwphqw ri Djulfxowxuh kdv |lhog vwdwlvwlfv e| frxqw| iru 56

|hduv1 \lhog gdwd lv qrw dydlodeoh iru doo frxqwlhv iru doo |hduv1 Wkh |lhog vwdwlvwlfv

duh dydlodeoh e| furs dqg glvwlqjxlvk ehwzhhq luuljdwhg dqg qrw luuljdwhg odqg1

44

Wkh |lhog gdwd lv djjuhjdwhg e| folpdwlf glylvlrq wr pdwfk wkh folpdwlf gdwd vhw1

Wklv sdqho gdwd pdnhv lw srvvleoh wr hvwlpdwh wkh zhdwkhu h�hfw rq |lhog1 Wkh

prgho lv zulwwhq dv=

+�| ' f�|� n b� n >| n "�|

zkhuh +�| lv wkh |lhog/ f�| lv d yhfwru ri zhdwkhu yduldeohv/ b� lv d glylvlrq �{hg

h�hfw/ >| lv d wlph �{hg h�hfw/ dqg "�| lv wkh huuru whup1 Wkh phdvxuh ri ulvn iru

hdfk glylvlrq lv wkh vwdqgdug ghyldwlrq ri f�|	� xvlqj 433 |hduv ri glylvlrq zhdwkhu

43
Zroslq +4<;5, dqg Sd{vrq +4<<5, xvh zhdwkhu dqg folpdwh gdwd wr orrn dw shupdqhqw

dqg wudqvlwru| lqfrph1

44
Qrwh wkdw ulfh lv dozd|v luuljdwhg1 Iru zkhdw L xvhg gdwd iru zlqwhu zkhdw zklfk

dffrxqwv iru ;8 shufhqw ri doo zkhdw1 Wkh rwkhu 48 shufhqw lv vsulqj zkhdw zklfk kdv d

yhu| gl�huhqw wlplqj ri vhdvrqv1
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gdwd1

45

Wkh vshfl�fdwlrq ri wkh yhfwruf�| iroorzv sdudphwulfdoo| vshfl�hg sduvlprqlrxv

prghov lq wkh djurqrp| olwhudwxuh1

46
Wkhvh prghov euhdn xs wkh vhdvrq lqwr gl�hu0

hqw vwdjhv ri sodqw ghyhorsphqw dqg doorz iru txdgudwlf h�hfwv ri suhflslwdwlrq dqg

whpshudwxuh +dqg rwkhu folpdwlf yduldeohv zkhq dydlodeoh,1 Iroorzlqj Prvwhn dqg

Zdovk +4<;4,/ dq lqwhudfwlrq h�hfw ehwzhhq suhflslwdwlrq dqg whpshudwxuh zlwklq

d prqwk +ru vhdvrq, lv lqfoxghg1 Zkloh prvw prghov phdvxuh zdwhu frqwhqw dw

wkh vwduw ri wkh qhz vhdvrq xvlqj wkh suhflslwdwlrq lq wkh prqwkv ehwzhhq jurzlqj

vhdvrqv/ L xvh wkh Sdophu Gurxjkw Vhyhulw| Lqgh{ zklfk lv d pruh gluhfw phdvxuh

ri zdwhu frqwhqw1

Iru wkh ydulrxv fursv/ wdeoh 7 vkrzv wkh pdlq vwdwlvwlfv ri lqwhuhvw lqfoxglqj

wkh fruuhodwlrq ehwzhhq

�
+�| �

	
b� � 	>|

�
dqg f�|	�/ zklfk lv fdoohg �o1 +Pruh ghwdlohg

uhvxowv duh dydlodeoh lq Fdqmhov 4<<9,1 Wklv fruuhodwlrq hvwlpdwhv krz pxfk ri wkh

yduldqfh lq wkh |lhog fdq eh h{sodlqhg e| wkh zhdwkhu yduldeohv diwhu wdnlqj rxw

wkh glylvlrq dqg wlph �{hg h�hfwv1

Wkh �o vkrzv wkdw wklv vlpsoh vshfl�fdwlrq lv txlwh srzhuixo lq h{sodlqlqj glyl0

45
Wklv hvwlpdwh ri ulvn e| glylvlrq lv frqvlvwhqw lq W / vr wkdw dv|pswrwlfdoo| dv W $4/

wkh vwdqgdug huuruv rq wklv yduldeoh lq d furvv vhfwlrq uhjuhvvlrq dqdo|vlv duh fruuhfw1

Lqfoxglqj wkh yduldqfh lq � lv qrw qhfhvvdu| vlqfh wklv lqfuhdvhv wkh ulvn iru hdfk glylvlrq

e| dq htxdo dprxqw1

46
Vshfl�fdoo|/ wkh iroorzlqj duwlfohv duh xvhg wr vshfli| wkh uhjuhvvlrq1 Iru fruq=

Wkrpsvrq +4<9<d,/ Qhovrq dqg Gdoh +4<:;, Wkrpsvrq +4<;9,1 Zkhdw= Wkrpsvrq

+4<9<e,/ Kdxq +4<:7,/ Ih|hukhup dqg Sdxovhq +4<;9,1 Vr|ehdqv= Wkrpsvrq +4<:3,/

Kloo +4<:<,1 Ulfh= Kxgd +4<:8,/ Pxudwd +4<:8,1 Frwwrq= Orpdv +4<::,1
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Wdeoh 7= Pdlq Vwdwlvwlfv iru wkh Hvwlpdwlrq ri Ulvn

Furs Jurzlqj Vhdvrq Q Glylvlrqv �o

Fruq= Luuljdwhg Mxqh � Dxjxvw 445< ;8 31:4

Fruq= Qrw Luuljdwhg Mxqh � Dxjxvw ;69 95 31:<

Vr|ehdqv= Luuljdwhg Mxqh � Dxjxvw 7;3 65 318;

Vr|ehdqv= Qrw Luuljdwhg Mxqh � Dxjxvw 874 65 31;<

Zkhdw= Luuljdwhg Dsulo � Mxqh 4<:6 <; 3167

Zkhdw= Qrw Luuljdwhg Dsulo � Mxqh 58;6 44< 3175

Frwwrq= Luuljdwhg Pd| � Rfwrehu 9:; 74 3196

Frwwrq= Qrw Luuljdwhg Pd| � Rfwrehu :<6 79 31:4

Ulfh= Doo Mxqh � Rfwrehu 774 55 3194
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vlrq |lhogv1 Iru fruq wkh �o lv 1:4 dqg 1:< iru uhvshfwlyho| luuljdwhg dqg qrq0luuljdwhg

fursv1 Wkh luuljdwhg vr|ehdqv duh ohvv vxffhvvixoo| h{sodlqhg zlwk �o ' �DH/ exw qrq0

luuljdwhg vr|ehdqv glg yhu| zhoo zlwk �o ' �Hb1 Luuljdwhg dqg qrq0luuljdwhg frwwrq

kdv d �o ' �S� dqg �o ' �.� uhvshfwlyho|/ zkloh ulfh kdv d �o ' �S�1 Wkh ohdvw vxf0

fhvvixo duh wkh uhjuhvvlrqv iru luuljdwhg dqg qrq0luuljdwhg zkhdw zlwk �o ' ��e dqg

175 uhvshfwlyho|1 Zkloh ulvn lv kljkhu iru xqluuljdwhg wkdq iru luuljdwhg fursv/ wkh

idfw wkdw wklv dgglwlrqdo ulvn lv zhoo h{sodlqhg e| wkh zhdwkhu yduldeohv pdnhv wkh

hvwlpdwlrq pruh vxffhvvixo iru xqluuljdwhg fursv1

715 D Surelw Dqdo|vlv ri Frqwudfw Fkrlfh

Wkh wkhruhwlfdo vhfwlrq lghqwl�hg vhyhudo idfwruv wkdw pljkw d�hfw frqwudfw fkrlfh1

Dprqj wkhvh duh ulvn/ wkh frvw ri prqlwrulqj/ dqg wkh rssruwxqlw| ri odqg h{0

sorlwdwlrq1 Lq wklv vhfwlrq d txdolwdwlyh uhvsrqvh prgho lv hvwlpdwhg wr hydoxdwh

wkh hpslulfdo uhohydqfh ri wkh gl�huhqw wkhrulhv1 Wdeoh 9 suhvhqwv wkh dyhudjh vorsh

frh!flhqwv +wkdw lv/ wkh dyhudjh h�hfw ri d xqlw fkdqjh lq wkh h{sodqdwru| yduldeoh

rq wkh suredelolw| ri fkrrvlqj d vkduh frqwudfw, zkloh wdeoh 8 surylghv wkh vdpsoh

phdqv dqg vwdqgdug ghyldwlrqv ri wkh h{sodqdwru| yduldeohv1 +Vhh wkh dsshqgl{

iru wkh h{dfw gh�qlwlrq ri wkh yduldeohv1, Wkh prgho lv hvwlpdwhg vhsdudwho|

iru hdfk furs/ zklfk doorzv wkh frh!flhqwv dqg lqwhufhswv wr ydu| dfurvv fursv1

47

47
Rwkhu uhvhdufkhuv kdyh orrnhg rqo| dw rqh furs dw d wlph ru doorzhg dw prvw iru gl�hu0

hqw lqwhufhswv1 Wkh dvvxpswlrq ri htxdo vorshv dfurvv fursv vhhpv wr eh wrr uhvwulfwlyh1
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Wdeoh 8= Ghvfulswlyh Vwdwlvwlfv

D1 Zkhdw

Vkduh Fdvk Ixoo

� ' DfD � ' 2bf � ' .bD

phdq vw1 ghy1 phdq vw1 ghy1 phdq vw1 ghy1

vl}h ri krxvhkrog 51<68 +4177;, 51<33 +4168<, 51<55 +41749,

djh ri rshudwru 7;1759 +45177:, 791688 +461655, 7:19:3 +451;37,

vrlo hurgdelolw| 315<< +31375, 315;4 +31373, 315<6 +31375,

shuf1 luuljdwlrq 3134: +313<3, 31346 +313;6, 31348 +313;;,

idup zhdowk 31538 +31846, 315;< +31833, 31569 +31843,

ghew0dvvhw udwlr 31635 +31654, 31649 +315;:, 3163: +3163<,

glvwdqfh 	 83 p1 31798 +317<<, 31885 +317<;, 317<: +31833,

glvw1 83 wr 483 p1 3145< +31668, 313<: +315<9, 3144: +31655,

glvwdqfh : 483 p1 31739 +317<5, 31685 +317:;, 316;9 +317;:,

hgxfdwlrq 	 45 31383 +3154:, 31395 +31575, 31387 +31559,

hgxfdwlrq 45 wr 47 31889 +317<:, 31967 +317;5, 318;8 +317<6,

hgxfdwlrq : 48 316<7 +317;<, 31636 +31794, 31694 +317;4,

odqgorug uhwluhg 31868 +317<<, 317;9 +31834, 3184: +31833,

odqgorug iduphu 3169; +317;6, 31688 +317:<, 31697 +317;4,

shufhqwdjh rzqhg 31585 +315:9, 31657 +315;5, 315:; +315;3,

ulvn 31375 +4139:, 0313:7 +31;68, 31333 +31<<3,

+frqwlqxhg rq qh{w sdjh,
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Wdeoh 8 � frqwlqxhg

E1 Ulfh

Vkduh Fdvk Ixoo

� ' ��� � ' e. � ' �.H

phdq vw1 ghy1 phdq vw1 ghy1 phdq vw1 ghy1

vl}h ri krxvhkrog 61:7; +418<8, 61546 +413;5, 6193: +417<6,

djh ri rshudwru 751<7: +441:;3, 781673 +451:6<, 7618:< +451383,

vrlo hurgdelolw| 3169: +31378, 316:5 +31376, 3169; +31378,

shuf1 luuljdwlrq 3176; +31536, 31799 +3155:, 31779 +3153<,

idup zhdowk 31394 +31534, 31475 +315<8, 313;5 +31565,

ghew0dvvhw udwlr 317:; +31796, 319;5 +317;8, 31865 +317:9,

glvwdqfh 	 83 p1 31:4; +31785, 31:35 +31795, 31:46 +31786,

glvw1 83 wr 483 p1 3146: +31679, 3145; +3166:, 31468 +31676,

glvwdqfh : 483 p1 31478 +31686, 314:3 +316;3, 31485 +31693,

hgxfdwlrq 	 45 31448 +31653, 31397 +3157:, 31434 +31635,

hgxfdwlrq 45 wr 47 31844 +31835, 31:35 +31795, 31895 +317<;,

hgxfdwlrq : 48 316:7 +317;9, 31567 +3175;, 3166: +317:7,

odqgorug uhwluhg 3185: +31834, 317;< +31838, 3184: +31834,

odqgorug iduphu 3155< +31755, 314:3 +316;3, 31546 +31744,

shufhqwdjh rzqhg 313:8 +31445, 31438 +31535, 313;6 +31475,

ulvn 31377 +4146;, 031457 +3173:, 31333 +41333,

+frqwlqxhg rq qh{w sdjh,
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Wdeoh 8 � frqwlqxhg

F1 Fruq

Vkduh Fdvk Ixoo

� ' eeb � ' D�� � ' bS2

phdq vw1 ghy1 phdq vw1 ghy1 phdq vw1 ghy1

vl}h ri krxvhkrog 6186< +41<;6, 61684 +419<4, 6176< +41;68,

djh ri rshudwru 771<5< +441935, 771746 +451694, 771987 +451343,

vrlo hurgdelolw| 315;4 +31384, 31595 +3138;, 315:4 +31389,

shuf1 luuljdwlrq 31539 +31636, 31454 +3158<, 31494 +315;6,

idup zhdowk 3153: +3177<, 31538 +317:4, 31539 +31794,

ghew0dvvhw udwlr 316;: +31669, 31689 +31637, 316:3 +3164<,

glvwdqfh 	 83 p1 31988 +317:9, 31:46 +31786, 319;9 +31797,

glvw1 83 wr 483 p1 313<4 +315;;, 31436 +31638, 313<; +315<:,

glvwdqfh : 483 p1 31587 +31769, 314;6 +316;:, 31549 +31745,

hgxfdwlrq 	 45 313:4 +3158;, 31436 +31638, 313;; +315;7,

hgxfdwlrq 45 wr 47 319<3 +31796, 3199< +317:4, 319:< +3179:,

hgxfdwlrq : 48 3156; +3175:, 3155; +31753, 31566 +31756,

odqgorug uhwluhg 31865 +31833, 31844 +31833, 31854 +31833,

odqgorug iduphu 31678 +317:9, 31635 +31793, 31655 +3179;,

shufhqwdjh rzqhg 31549 +31548, 31547 +31558, 31548 +31553,

ulvn 31638 +31<6:, 031493 +31<:8, 3138: +31<;8,

+frqwlqxhg rq qh{w sdjh,
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Wdeoh 8 � frqwlqxhg

G1 Vr|ehdqv

Vkduh Fdvk Ixoo

� ' �.� � ' e�� � ' .He

phdq vw1 ghy1 phdq vw1 ghy1 phdq vw1 ghy1

vl}h ri krxvhkrog 61534 +415;<, 6157; +41695, 61559 +4165:,

djh ri rshudwru 7;1494 +4418:;, 7;1973 +4419;4, 7;1745 +44195:,

vrlo hurgdelolw| 31637 +3137<, 315:4 +313:6, 315;: +31398,

shuf1 luuljdwlrq 31359 +31445, 3134< +313;:, 31356 +31433,

idup zhdowk 31437 +316:5, 3156< +31897, 314:7 +317;:,

ghew0dvvhw udwlr 3166: +31668, 3167: +31674, 31675 +3166;,

glvwdqfh 	 83 p1 3194: +317;:, 31:58 +3177:, 319:6 +3179<,

glvw1 83 wr 483 p1 31454 +31659, 3143: +31643, 31447 +3164:,

glvwdqfh : 483 p1 31596 +31774, 3149; +316:7, 31546 +31743,

hgxfdwlrq 	 45 31446 +3164:, 314:3 +316:9, 31476 +31683,

hgxfdwlrq 45 wr 47 31:35 +3178;, 31958 +317;8, 31995 +317:6,

hgxfdwlrq : 48 314;8 +316;<, 31537 +31737, 314<8 +316<:,

odqgorug uhwluhg 31864 +31833, 317<< +31834, 31847 +31833,

odqgorug iduphu 31593 +3176<, 31598 +31775, 31596 +31773,

shufhqwdjh rzqhg 3147< +31544, 31497 +3169;, 3148: +31637,

ulvn 31474 +41348, 031448 +31<8:, 3133: +31<<6,

+frqwlqxhg rq qh{w sdjh,
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Wdeoh 8 � frqwlqxhg

H1 Frwwrq

Vkduh Fdvk Ixoo

� ' �SS � ' eDf � ' H�S

phdq vw1 ghy1 phdq vw1 ghy1 phdq vw1 ghy1

vl}h ri krxvhkrog 51<:6 +4158;, 61577 +41745, 61456 +41684,

djh ri rshudwru 7:18<; +441;<7, 7:1<:; +4518<;, 7:1;3; +4515;4,

vrlo hurgdelolw| 31659 +31397, 3163: +313;5, 31649 +313:8,

shuf1 luuljdwlrq 3147; +315:8, 3146< +315:4, 31476 +315:6,

idup zhdowk 314:; +31838, 3157< +31:78, 3154: +3197<,

ghew0dvvhw udwlr 31878 +31975, 31779 +318:4, 317<4 +31939,

glvwdqfh 	 83 p1 3195; +317;7, 319:; +3179;, 31989 +317:8,

glvw1 83 wr 483 p1 3144: +31655, 31444 +31648, 31447 +3164;,

glvwdqfh : 483 p1 31587 +31769, 31544 +3173<, 31563 +31754,

hgxfdwlrq 	 45 31475 +31683, 31455 +3165;, 31464 +3166;,

hgxfdwlrq 45 wr 47 318;: +317<6, 3185: +31833, 31887 +317<:,

hgxfdwlrq : 48 315:3 +31778, 31684 +317:;, 31648 +31798,

odqgorug uhwluhg 3176: +317<:, 31789 +317<<, 3177: +317<;,

odqgorug iduphu 315:< +3177<, 315:9 +3177:, 315:: +3177;,

shufhqwdjh rzqhg 314:6 +31537, 31539 +31593, 314<4 +3156:,

ulvn 31444 +31;8;, 3144< +31:84, 31448 +31;34,
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Wdeoh 9= Surelw Dqdo|vlv ri Frqwudfw Fkrlfh

D1 Prgho 4

Zkhdw Ulfh Fruq Vr|e1 Frwwrq �
2

vl}h ri krxvhk1 f�f2f f�feS f�f�� �f�f�f
WW

� f�fef
W

�f�.S

Ef�f�D� Ef�f2b� Ef�f�f� Ef�f�.� Ef�f�b�

djh ri rshudwru

WWW

f�ffS �f�ff2 f�ff� f�fff �f�ff�
W

b�SS

Ef�ff2� Ef�ffD� Ef�ff2� Ef�ff2� Ef�ff2�

vrlo hurgdelolw|

WWW

2��fD �f�ff2
WW

f�.be
WWW

��.D2
WW

f�.�S
WWW

D���S

Ef�ebD� E��fff� Ef��be� Ef��DD� Ef���e�

shuf1 luuljdwlrq f�2HD �f��S2
W

f��DH f�ff� f�fb� S�ee

Ef�2DD� Ef�2�S� Ef�fH2� Ef��Se� Ef�fb.�

idup zhdowk �f�f�f f�feS �f�f�2
W

� f�fb2 �f�f2S ��be

Ef�fD�� Ef�22.� Ef�fSf� Ef�fD2� Ef�f�b�

ghew0dvvhw udwlr �f�ffb
W

� f��H� f�fS2 f�ff. f�feD D�eb

Ef�f.f� Ef�fbH� Ef�fSH� Ef�fSe� Ef�fe2�

glvw1 83 wr 483 f�fHe f�f.� f�ff2 f�fSS f�f�2 e�fe

Ef�fS.� Ef�fHe� Ef�fDD� Ef�fDD� Ef�fD.�

+frqwlqxhg rq qh{w sdjh,
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Wdeoh 9 � frqwlqxhg

D1 Prgho 4 � frqwlqxhg

Zkhdw Ulfh Fruq Vr|e1 Frwwrq �
2

glvwdqfh : 483

WW

f�fb� f�f�H
WW

f�fb2
WWW

f���b
W

f�f.H
WWW

2��be

Ef�f�S� Ef��fb� Ef�fef� Ef�feS� Ef�feD�

hgxfdwlrq 45 wr 47 f�f�b �f���D f�f.� f�f�� f�f�e ��Se

Ef�f..� Ef�22e� Ef�fSS� Ef�f.2� Ef�f.��

hgxfdwlrq : 48 f�fH. �f�f.S f�feb �f�f�S �f�fHf 2�.f

Ef�fH�� Ef�2Se� Ef�f.b� Ef�fbf� Ef�f.H�

odqgorug uhwluhg f�f�� �f�ffD f�fff f�f�b �f�f2� ���D

Ef�f�b� Ef�fSH� Ef�f�D� Ef�f�S� Ef�f�b�

odqgorug iduphu f�f2. f�f.�
W

f�fSS �f�ff2 f�f�S e��.

Ef�fe2� Ef�fbe� Ef�f�H� Ef�fee� Ef�fe��

shuf1 rzqhg

WW

� f�2e. �f��SS f�f�. �f�f�D �f�fbf H�H.

Ef��f�� Ef�2D�� Ef���S� Ef�fH�� Ef���S�

ulvn

W

f�f�. f�fSe
WWW

f�fHD
W

f�fe� f�ffS
WWW

�H�b.

Ef�f�b� Ef�fee� Ef�f2H� Ef�f22� Ef�f�D�

+frqwlqxhg rq qh{w sdjh,
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Wdeoh 9 � frqwlqxhg

E1 Prgho 5

Zkhdw Ulfh Fruq Vr|e1 Frwwrq �
2

vl}h ri krxvhk1 f�f2� f�fee f�f�2 �f�ff2 �f�f2S H�bb

Ef�f�e� Ef�f2b� Ef�ffb� Ef�f�S� Ef�f�S�

djh ri rshudwru

W

f�ff� �f�ff2 f�ff� f�ff� f�ff� ���S

Ef�ff2� Ef�ffD� Ef�ff2� Ef�ff2� Ef�ff2�

vrlo hurgdelolw| �f�DS� f�fDS f��HD f��f. f�ee2 ����

Ef�.��� Ef�bH�� Ef�D�f� Ef�S2�� Ef�S���

shuf1 luuljdwlrq �f�f.2 �f��ee �f�f2S f�2Hb �f�f�H ����

Ef��b�� Ef�2�e� Ef���2� Ef��HS� Ef��2.�

idup zhdowk �f�fDb f�fe. f�f2� f�fD� f�f�D ��fH

Ef�fe2� Ef�22H� Ef�fDf� Ef�fSe� Ef�f�.�

ghew0dvvhw udwlr f�f2f
W

� f��.b f�fff �f�f.2 f�f�e D�2�

Ef�fDH� Ef�fbb� Ef�fSe� Ef�fDS� Ef�f�2�

glvw1 83 wr 483 f�f2e f�f.. �f�f�S f�f.� f�f22 ��ef

Ef�fS�� Ef�fHD� Ef�feb� Ef�fDf� Ef�fDf�

+frqwlqxhg rq qh{w sdjh,
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Wdeoh 9 � frqwlqxhg

E1 Prgho 5 � frqwlqxhg

Zkhdw Ulfh Fruq Vr|e1 Frwwrq �
2

glvwdqfh : 483

WW

f�fHH f�fe2
W

f�fS.
WW

f��fH f�f2�
WWW

�S�fS

Ef�f�D� Ef��f.� Ef�f�.� Ef�fee� Ef�fef�

hgxfdwlrq 45 wr 47 �f�f2D �f��ef f�fH. �f�ffH �f�f�f ��HD

Ef�f..� Ef�22e� Ef�f.S� Ef�fSS� Ef�fS��

hgxfdwlrq : 48 f�f2b �f�f.2 f�fSS �f�f�2 �f�f.f 2�f�

Ef�fH�� Ef�2Se� Ef�fHS� Ef�fHf� Ef�fSH�

odqgorug uhwluhg f�f2f �f�ff� f�ffS f�f�f �f�f2. ��fe

Ef�f�D� Ef�fSH� Ef�f��� Ef�f�e� Ef�f�D�

odqgorug iduphu f�f2f f�fH� f�fef �f�f�� �f�f�. ��Sb

Ef�f�b� Ef�fb�� Ef�f�.� Ef�fee� Ef�f�b�

shufhqwdjh rzqhg �f�fD2 �f��Df �f�fS2
WWW

� f���b �f��f2
W

�f�b�

Ef�fHb� Ef�2eb� Ef��f.� Ef��2S� Ef��ff�

ulvn �f�f2� f�f2S
WW

f�f..
WW

f��DH
WWW

f��DH
WWW

2���b

Ef�f22� Ef��f�� Ef�f�e� Ef�f.�� Ef�feD�

+frqwlqxhg rq qh{w sdjh,
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Wdeoh 9 � frqwlqxhg

F1 Prgho 6

Zkhdw Ulfh Fruq Vr|e1 Frwwrq �
2

vl}h ri krxvhk1 f�ffH
WW

f�f�b �f�f�e
WW

� f�f�b
WW

�����

Ef�f�e� Ef�ffb� Ef�f�S� Ef�f�e�

djh ri rshudwru

W

f�ff� f�fff f�fff �f�ff� 2�Df

Ef�ff2� Ef�ff2� Ef�ff2� Ef�ff2�

vrlo hurgdelolw| ����D� �f�ffb f�fb� ��D2H 2�.D

E��fDb� Ef�bHD� E���2H� E��22S�

shuf1 luuljdwlrq �f�2S2 �f��.� f�2.H f�f�D e��H

Ef��b.� Ef��SS� Ef�22S� Ef��D��

idup zhdowk �f�f�S f�fSH �f�f2e �f�f�2 ��eS

Ef�fee� Ef�fee� Ef�fDf� Ef�f�H�

ghew0dvvhw udwlr �f�f�� �f�fDf f�ffe f�f2f ��ef

Ef�fSf� Ef�fDH� Ef�f.f� Ef�f�2�

glvw1 83 wr 483 �f�f2e �f�fe.
W

f�fbb f�f2� e�b�

Ef�fSD� Ef�feS� Ef�fD�� Ef�fe.�

+frqwlqxhg rq qh{w sdjh,
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Wdeoh 9 � frqwlqxhg

F1 Prgho 6 � frqwlqxhg

Zkhdw Ulfh Fruq Vr|e1 Frwwrq �
2

glvwdqfh : 483

WW

f�fHb f�fe.
W

f�fHD f�f2e
WW

���.2

Ef�f�.� Ef�f�D� Ef�fee� Ef�f�H�

hgxfdwlrq 45 wr 47 �f�f2b f�ffb �f�f2� f�ffS f�2.

Ef�f..� Ef�f.f� Ef�f.e� Ef�fDH�

hgxfdwlrq : 48 f�f�f f�f2e �f�fD� �f�f�f f�.b

Ef�f.H� Ef�f.S� Ef�fb�� Ef�fSD�

odqgorug uhwluhg f�ff. �f�ffb �f�ff2 �f�f�S ��2D

Ef�f�D� Ef�f��� Ef�f�S� Ef�f�e�

odqgorug iduphu f�f2f f�f�D �f�f2f �f�f�e ��e�

Ef�fe�� Ef�f�D� Ef�fe2� Ef�f�b�

shufhqwdjh rzqhg �f���b �f�fD� �f��2b f�fDe ��.b

Ef��ff� Ef��f�� Ef�fbD� Ef��f��

ulvn f�f2D
WWW

f���. �f�f�b
WWW

f�22.
WWW

2���2

Ef�f�e� Ef�f�.� Ef�feD� Ef�fSS�

Qrwhv= Uhsruwhg duh wkh dyhudjh ghulydwlyhv/ zlwk wkh vwdqgdug huuruv lq sduhq0

wkhvlv1 Wkh odvw froxpq jlyhv wkh fkl0vtxduh vwdwlvwlf whvwlqj wkdw d frh!flhqw

lv }hur iru doo �yh fursv/ djdlqvw d wzr0vlghg dowhuqdwlyh1 Rqh/ wzr/ dqg wkuhh

vwduv lqglfdwh vljql�fdqfh dw wkh 43(/ 8(/ dqg 4( ohyho1 Wkh fulwlfdo ydoxhv iru

wkh fkl0vtxduh whvwv duh uhvshfwlyho| <157/ 4413:/ dqg 4813< iru Prgho 4 dqg 5/

dqg :1:;/ <17</ dqg 4615; iru Prgho 6 +lq zklfk ulfh lv h{foxghg,1
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Wkh �
2
vwdwlvwlf uhsruwhg lq wkh odvw froxpq ri wdeoh 9 whvwv wkh k|srwkhvlv wkdw wkh

vorsh iru d sduwlfxodu yduldeoh lv }hur iru doo fursv/ djdlqvw d wzr0vlghg dowhuqdwlyh1

Lq wkh dqdo|vlv hyhu| whqdqw0odqgorug sdlu lv wuhdwhg dv rqh revhuydwlrq/ vr wkdw

revhuydwlrqv zlwk wkh vdph whqdqw exw gl�huhqw odqgorugv duh ghshqghqw1 Wklv

sureohp lv wuhdwhg dv d udqgrp h�hfwv surelw prgho1 Wkh prgho lv hvwlpdwhg xvlqj

wkh vwdqgdug +lqghshqghqw, surelw phwkrg1 Wkh vwdqgdug huuruv duh fruuhfwhg iru

wkh ghshqghqfh ri revhuydwlrqv1

48

71514 Ulvn

Wkh phdvxuhphqw ri ulvn e| luuljdwhg dqg xqluuljdwhg fursv lv h{sodlqhg lq wkh

suhylrxv vhfwlrq1 Wr jhw d phdvxuh ri ulvn iru d frqwudfw/ wkh xqluuljdwhg dqg

luuljdwhg ulvn duh �uvw qrupdol}hg wr kdyh d phdq ri }hur dqg d yduldqfh ri rqh1

Wkh ulvn ri d idup lv d zhljkwhg dyhudjh ri ulvn rq xqluuljdwhg sorwv dqg ulvn rq

luuljdwhg sorwv1

49
Wklv surfhgxuh holplqdwhv wkh h�hfw ri luuljdwlrq rq ulvn1 Wr

fdswxuh wklv h�hfw d vhsdudwh yduldeoh/ shufhqwdjh luuljdwhg/ lv lqfoxghg1

4:

48
Jxlonh| dqg Pxusk| +4<<6, surylgh Prqwh Fduor hylghqfh wkdw vkrzv wkdw wklv

surfhgxuh kdv dwwudfwlyh urexvwqhvv surshuwlhv1

49
Qrwh wkdw iru frwwrq/ ulvn grhv qrw kdyh d phdq ri }hur dqg d vwdqgdug ghyldwlrq

ri rqh1 Wklv lv fdxvhg e| d srvlwlyh fruuhodwlrq ehwzhhq luuljdwlrq dqg ulvn rq luuljdwhg

sorwv lq wkh vdpsoh1

4:
Dq dowhuqdwlyh dssurdfk zrxog eh wr �uvw wdnh wkh zhljkwhg dyhudjh dqg wkhq qrupdo0

l}h1 L suhihu wkh fxuuhqw dssurdfk ehfdxvh lw lv qrw fohdu wkdw wkh phwkrg ri hvwlpdwlqj

ulvn pdnhv wkh phdvxuhv ri luuljdwhg dqg xqluuljdwhg ulvn frpsdudeoh1 Zkloh wkh pdj0

qlwxgh dqg vljql�fdqfh ri wkh ulvn yduldeoh lv yhu| vlplodu iru wkh wzr dssurdfkhv/ wkh

pdjqlwxgh dqg vljql�fdqfh ri cshufhqwdjh luuljdwhg* lv d�hfwhg d juhdw ghdo1
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Dsduw iurp ghfuhdvlqj ulvn/ lq sduwlfxodu wkh dgyhuvh h�hfwv ri gurxjkwv/ luuljd0

wlrq dovr lqfuhdvhv wkh sureohp ri h{sorlwdwlrq ru odqg plvxvh1 Luuljdwlrq lv riwhq

dssolhg zlwk h{shqvlyh htxlsphqw zklfk lv sk|vlfdoo| frqqhfwhg wr wkh odqg dqg

rzqhg e| wkh odqgorug1 Wkh luuljdwlrq yduldeoh wkhuhiruh phdvxuhv wzr rssrvlqj

h�hfwv1 Iluvw/ luuljdwlrq ghfuhdvhv ulvn/ zklfk lv olnho| wr ghfuhdvh wkh suredelolw|

ri vkduhfursslqj1 Vhfrqg/ luuljdwlrq lqfuhdvhv wkh rssruwxqlw| ri odqg h{sorlwdwlrq

zklfk lqfuhdvhv wkh suredelolw| ri vkduhfursslqj yhuvxv �{hg uhqw1

Iluvw orrn dw Prgho 41 Wklv prgho frqwdlqv doo yduldeohv uhsruwhg lq wkh wdeoh

soxv dq lqwhufhsw1 Wkh mrlqw k|srwkhvlv wkdw ulvn grhv qrw d�hfw whqdqf| fkrlfh

lq dq| furs lv vwurqjo| uhmhfwhg +�
2
' �.�.b,1 Iru wkh lqglylgxdo fursv ulvn d�hfwv

whqdqf| fkrlfh iru zkhdw/ fruq/ dqg vr|ehdqv +wkh w0vwdwlvwlfv rq wkh frh!flhqwv duh

uhvshfwlyho| 41<3/ 51<4 dqg 41<3> qrwh wkdw wdeoh 9 uhsruwv wkh vwdqgdug ghyldwlrq/

qrw wkh w0vwdwlvwlf,1 Wkh hfrqrplf vljql�fdqfh lv dovr odujh/ zlwk dyhudjh ghulydwlyhv

ri 61:/ ;18/ dqg 716 shufhqw1 Wkh vwdqgdug ghyldwlrq lv dssur{lpdwho| 413 iru wkh

ulvn phdvxuh1 Wkxv wkh dyhudjh ghulydwlyhv jlyh wkh lqfuhdvh lq wkh suredelolw| ri

vkduhfursslqj li ulvn lqfuhdvhg e| rqh vwdqgdug ghyldwlrq1 Wkh h�hfw ri ulvn rq

whqdqf| fkrlfh lq ulfh lv ri frpsdudeoh pdjqlwxgh zlwk dq dyhudjh ghulydwlyh ri

917 shufhqw1 Wklv lv/ krzhyhu/ vwdwlvwlfdoo| lqvljql�fdqw/ sduwo| gxh wr kdylqj rqo|

derxw rqh �iwk dv pdq| revhuydwlrqv dv wkh rwkhu fursv1 Dqrwkhu uhdvrq pljkw eh

wkdw wkh surgxfwlrq ri ulfh lv jhrjudsklfdoo| frqfhqwudwhg dqg wkdw wkh folpdwlf
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yduldwlrq lv wkhuhiruh vpdoo1 Ilqdoo|/ iru frwwrq/ ulvn kdv d vpdoo srvlwlyh h�hfw

rq wkh fkrlfh iru vkduhfursslqj/ exw wkh h�hfw lv qrw vwdwlvwlfdoo| vljql�fdqw1 Wkh

h�hfw ri luuljdwlrq lv vwdwlvwlfdoo| lqvljql�fdqw iru doo fursv h{fhsw lq wkh fdvh ri

fruq zkhuh wkh w0vwdwlvwlf lv 41<31

Vlqfh ulvn lv d uhjlrqdo yduldeoh/ lw fdq eh dujxhg wkdw lw slfnv xs vrph uhjlrqdo

yduldwlrq lq frqwudfw fkrlfh wkdw lv gxh wr rwkhu idfwruv1 Wkh frqvlvwhqw srvlwlyh

h�hfw ri ulvn pdnhv wklv xqolnho|1 Wr fkhfn wkh urexvwqhvv ri wkh uhvxowv/ Prgho

5 dggv vwdwh gxpplhv lq dgglwlrq wr wkh yduldeohv uhsruwhg1 Wklv dgglwlrq vkrxog

d�hfw wkh srzhu ri hvwlpdwlqj wkh lpsdfw ri ulvn d juhdw ghdo/ dqg lqghhg wkh

frh!flhqw rq zkhdw ehfrphv lqvljql�fdqw1 Krzhyhu/ wkh vljql�fdqfh iru fruq lv

kdugo| d�hfwhg/ dqg iru vr|ehdqv wkh vljql�fdqfh lqfuhdvhv1 Ilqdoo| wkh h�hfw iru

frwwrq ehfrphv vljql�fdqw dqg srvlwlyh1

4;
Mrlqwo| wkh ulvn lv vwloo vljql�fdqw dw wkh

4 shufhqw ohyho1

Wkh vhfrqg fkhfn rq wkh urexvwqhvv ri wkh ulvn uhvxowv lv Prgho 61 Iurp wkh QUL

doo 85 +$, vrlo yduldeohv dydlodeoh soxv dyhudjh idup ydoxh dqg dyhudjh idup uhyhqxh

duh lqfoxghg lq dgglwlrq wr vrlo hurgdelolw|1 Djdlq/ wkh srzhu ri wkh hvwlpdwlrq lv

reylrxvo| juhdwo| d�hfwhg1 Hvwlpdwlrq ri wkh prgho iru ulfh lv qr orqjhu srvvleoh dqg

wkh frh!flhqw iru vr|ehdqv fkdqjhv vljq dqg lv qr orqjhu vwdwlvwlfdoo| vljql�fdqw1

Krzhyhu/ wkh frh!flhqwv iru fruq dqg frwwrq vkrz dq hyhq odujhu lpsdfw ri ulvn

4;
Wklv uhyhuvdo lv fdxvhg e| wkh Hdvw Vrxwk Fhqwudo dqg wkh Vrxwk Dwodqwlf uhjlrqv

zklfk kdyh ohvv vkduhfursslqj dowkrxjk ulvn lv orz lq wkrvh uhjlrqv1
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dqg duh vwloo vwdwlvwlfdoo| vljql�fdqw1 Ulvn lv vwloo mrlqwo| vljql�fdqw dw wkh 4 shufhqw

ohyho1 Wkh frqfoxvlrq lv wkdw wkh ulvn phdvxuh slfnv xs folpdwlf h�hfwv dqg qrw

uhjlrqdo h�hfwv1

Wkdw ulvn lv lpsruwdqw lq frqwudfw fkrlfh lv vxssruwhg e| wkh idfw wkdw 81<

shufhqw ri doo fdvk frqwudfwv frqwdlq vshfldo fodxvhv/ zklfk dgmxvw wkh uhqw lq d

sduwlfxodu jrrg ru edg |hdu1 Wkh sduwlfxodu irup ri wkhvh fodxvhv vxjjhvwv d sxuh

ulvn vkdulqj duudqjhphqw1

Wkhuh lv dq lpsruwdqw wkhruhwlfdo remhfwlrq djdlqvw wkh folpdwh phdvxuh ri ulvn

h{sodlqlqj frqwudfw fkrlfh1 Li ulvn lv lpsruwdqw zk| grq*w zh revhuyh dq| lqvxudqfh

frqwudfwv lq zklfk wkh sd|r� ghshqgv rq wkh uhdol}dwlrq ri zhdwkhu1 Vlqfh zhdwkhu

fdqqrw eh d�hfwhg e| hlwkhu frqwudfw sduw| dqg grhv d�hfw wkh uhohydqw rxwfrph/

lqvxudqfh frqwudfwv ri wklv w|sh vkrxog eh yhu| xvhixo1 Vxfk dq lqvxudqfh surjudp

zdv dfwxdoo| uhfhqwo| sursrvhg e| wkh Ihghudo Furs Lqvxudqfh Frpplvvlrq exw zdv

txlfno| glvplvvhg e| wkh frpphufldo lqvxudqfh surylghuv iru ehlqj wrr pxfk ri d

corwwhu|*1 Lqvwhdg/ wkh IFLF zhqw iruzdug +zhoo diwhu 4<;;, zlwk dq dowhuqdwlyh/

wkh Jurxs Ulvn Sodq/ lq zklfk wkh sd|r� ghshqgv rq wkh dfwxdo frxqw| |lhogv

frpsduhg zlwk qrupdo frxqw| |lhogv iru d frxqw|1 Wklv sodq dovr wdnhv dzd| sduw

ri wkh prudo kd}dug sureohpv lqyroyhg zlwk fursv lqvxudqfh surjudpv1 L frqfoxgh

wkdw wkh sudfwlfdo lpsohphqwdwlrq ri r�hulqj zhdwkhu lqvxudqfh frqwudfwv vhhpv

gl!fxow/ zklfk pdnhv vkduhfursslqj xvhixo lq surylglqj lqvxudqfh1
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71515 Prudo Kd}dug Sureohpv

Wkh wkhruhwlfdo vhfwlrq lqwurgxfhg wzr gl�huhqw w|shv ri prudo kd}dug sureohpv

rq wkh whqdqw*v vlgh1 Lq wkh vwdqgdug prudo kd}dug sureohp/ wkh whqdqw kdv dq

lqfhqwlyh wr xvh ihzhu lqsxwv/ vxfk dv oderu dqg ihuwlol}hu/ wkdq wkh rswlpdo dprxqw1

Wklv w|sh ri prudo kd}dug sureohp sxvkhv wkh rswlpdo frqwudfw wrzdug d �{hg uhqw

frqwudfw1 Rq wkh rwkhu kdqg/ wkh whqdqw kdv dq lqfhqwlyh wr h{sorlw wkh odqg1 Wklv

prudo kd}dug sureohp kdv wkh rssrvlwh h�hfw= wkh rswlpdo frqwudfw orrnv pruh

olnh d zdjh frqwudfw1 Lq wklv vhfwlrq L suhvhqw hylghqfh rq wkh h�hfw ri prqlwrulqj

delolw| zklfk d�hfwv erwk w|shv ri prudo kd}dug sureohpv exw wkh h{shfwhg vljq

ri wkh frh!flhqw lv rssrvlwh1

Wkh delolw| ri wkh whqdqw wr cfkhdw* rq wkh odqgorug ghshqgv rq krz pxfk odqg

kh rzqv1 Li wkh whqdqw rzqv d sduw ri wkh odqg dqg uhqwv dqrwkhu sduw glyhuwlqj

uhvrxufhv +vxfk dv ihuwlol}hu ru oderu, iurp wkh uhqwhg sorw wr wkh rzqhg sorw zloo eh

hdv|1 Wkxv wkh prudo kd}dug sureohp lv pruh vhyhuh li wkh whqdqw rzqv pruh odqg

frpsduhg zlwk wkh dprxqw wkdw kh uhqwv/ dqg rqh zrxog h{shfw wr �qg pruh �{hg

uhqw frqwudfw1

4<
Diwhu frqwuroolqj iru vwdwh h�hfwv/ wkh frh!flhqwv rq wkh yduldeoh

cshufhqwdjh rzqhg* duh qhjdwlyh iru doo �yh fursv exw rqo| vwdwlvwlfdoo| vljql�fdqw

iru vr|ehdqv1 L uhjdug wklv dv olplwhg hylghqfh wkdw wklv h�hfw h{lvwv1

53
Wkh sr0

4<
Wklv dujxphqw lpsolhv wkdw wkh Ehoo +4<::,/ Vkdedq +4<;:, h!flhqf| whvwv duh rqo|

ydolg iru wkh vxevdpsoh ri pl{hg whqdqwv dqg fdqqrw eh h{whqghg wr sxuh whqdqwv1

53
Rqh fdq dujxh wkdw srru iduphuv zlwkrxw pxfk odqg duh fuhglw frqvwudlqhg dqg
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whqwldo hfrqrplf vljql�fdqfh fdq eh odujh zlwk wkh suredelolwlhv ri vkduhfursslqj

ghfuhdvlqj dv pxfk dv : shufhqw +iru zkhdw, li rzqhuvkls lqfuhdvhv e| rqh vwdqgdug

ghyldwlrq1

Rq wkh odqgorug*v vlgh wkuhh yduldeohv duh lqfoxghg wkdw lqglfdwh wkh delolw| ri

wkh odqgorug wr prqlwru wkh whqdqw1 Wkh �uvw lv wkh glvwdqfh iurp uhvlghqfh wr

sorw zklfk lqfuhdvhv wkh frvw ri prqlwrulqj1 Wkh vhfrqg lv zkhwkhu wkh odqgorug lv

uhwluhg ru qrw zklfk d�hfwv khu rssruwxqlw| frvw ri wlph +exw dovr vhh wkh vhfwlrq

rq rwkhu idfwruv ehorz,1 Wkh odvw rqh lv zkhwkhu ru qrw vkh kdv ru kdg d mre wkdw

lv idup uhodwhg zklfk d�hfwv zkhwkhu vkh kdv wkh nqrzohgjh qhfhvvdu| wr prqlwru1

Dq lqwhuhvwlqj uhvxow lv wkdw wkh suredelolw| ri fkrrvlqj d vkduh frqwudfw lq0

fuhdvhv zlwk wkh glvwdqfh ri wkh uhvlghqfh ri wkh odqgorug wr wkh sorw1 Wkh frhi0

�flhqw rq olylqj pruh wkdq 483 plohv dzd| lv mrlqwo| vljql�fdqw dw wkh 4 shufhqw

ohyho dqg wklv lv urexvw djdlqvw wkh lqfoxvlrq ri vwdwh h�hfwv dqg vrlo yduldeohv1 Li

zh orrn dw wkh h�hfw iru fruq lq Prgho 4/ wkh dyhudjh ghulydwlyh rq wkh gxpp|

wkdw lqglfdwhv wkdw wkh odqgorug olyhv ixuwkhu wkdq 483 plohv iurp wkh sorw/ lv <15

shufhqw1 Vlqfh wklv lv d }hur0rqh gxpp| yduldeoh/ wkh lqwhusuhwdwlrq ri wkh dyhudjh

ghulydwlyh lv wkdw lw jlyhv dssur{lpdwho| wkh lqfuhdvh lq wkh suredelolw| li hyhu|

odqgorug pryhv iurp olylqj forvhu wkdq 83 plohv wr pruh wkdq 483 plohv iurp wkh

fkrrvh vkduhfursslqj wr rewdlq fuhglw iurp wkh odqgorug +iru lqvwdqfh wkh| sd| wkh zkroh

uhqw rqo| diwhu wkh vhdvrq/ dqg wkh odqgorug riwhq vkduhv lq wkh frvwv ri fhuwdlq lqsxwv,1

Krzhyhu/ wkh uhjuhvvlrq lqfoxghg wkh yduldeoh cidup zhdowk* dqg wklv yduldeoh zrxog slfn

xs vxfk d fuhglw h�hfw1 Idup zhdowk lv vwdwlvwlfdoo| lqvljql�fdqw iru doo fursv1
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idup1 Dyhudjh vorshv ehwzhhq 61; shufhqw +ulfh, dqg 461< shufhqw +vr|ehdqv, duh ri

vxevwdqwldo hfrqrplf vljql�fdqfh1 Wkh frh!flhqwv rq wkh rwkhu glvwdqfh gxpp|/

olylqj ehwzhhq 83 dqg 483 plohv iurp wkh sorw/ duh dovr dozd|v srvlwlyh exw xvxdoo|

vpdoohu wkdq wkh gxpp| iru 483 ru pruh plohv1 Vlqfh prqlwrulqj lv hdvlhu iru

odqgorugv olylqj forvh wr wkh sorw/ wkhvh uhvxowv vxjjhvw wkdw odqg h{sorlwdwlrq lv

lpsruwdqw1 Odqgorugv zkr olyh forvhu wr wkh sorw fdq hqvxuh wkdw wkh odqg lv qrw

h{sorlwhg zlwkrxw kdylqj wr xvh vkduh frqwudfwv1

Wkh uhodwlrqvkls ehwzhhq vkduhfursslqj dqg wkh surylvlrq ri fuhglw kdv uhfhlyhg

pxfk dwwhqwlrq lq wkh olwhudwxuh1 Ehfdxvh ri wkh dssduhqwo| zlghvsuhdg h{lvwhqfh

ri wklv lq wkh ghyhorslqj zruog/ L frqvlghuhg wklv yhu| vhulrxvo| exw zdv qrw deoh wr

�qg dq| hylghqfh iru wklv lq prghuq X1V1 djulfxowxuh1 Lq wkh prgho wzr yduldeohv

duh lqfoxghg/ idup zhdowk dqg ghew0dvvhw udwlr/ zklfk duh mrlqwo| qhyhu vljql�fdqw

dqg lqglylgxdoo| qhyhu vljql�fdqw dw wkh 8 shufhqw ohyho1

71516 Odqg H{sorlwdwlrq

Rqh lpsruwdqw sureohp lq djulfxowxuh lv vrlo hurvlrq1 Hurgleoh vrlo qhhgv vshfldo

wloodjh wr nhhs hurvlrq xqghu frqwuro1 Wkh phwkrgv duh riwhq h{shqvlyh dqg wkh

gluhfw h�hfw lv vpdoo � lw rqo| d�hfwv wkh orqj whup surgxfwlylw| ri wkh odqg1

Wkh Qdwlrqdo Uhvrxufh Lqyhqwru| surylghv phdvxuhv ri vrlo hurgdelolw| e| frxqw|1

Prgho 4 vkrz wkdw/ h{fhsw iru ulfh zklfk kdv d vpdoo dqg lqvljql�fdqw frh!flhqw/

hurgleoh vrlo lv dozd|v pruh olnho| wr eh vkduhfursshg dqg wklv lv mrlqwo| vljql�fdqw1
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Wkh lpsdfw ri vrlo hurgdelolw| lv urxjko| 8 wr 43 shufhqw iru rqh vwdqgdug ghyldwlrq

fkdqjh1

Vrlo hurgdelolw| pljkw qrw eh d sureohp li wkh odqgorug olyhv forvh exw d odujh

sureohp li wkh odqgorug olyhv idu dzd|1 Wklv lqwhudfwlrq h�hfw ehwzhhq vrlo hurg0

delolw| dqg glvwdqfh zdv h{dplqhg e| doorzlqj wkh vorsh rq vrlo hurgdelolw| wr ydu|

e| glvwdqfh fdwhjru|1 Dowkrxjk wkh gdwd vkrzhg wkdw glvwdqfh h�hfwv duh lpsru0

wdqw lw frxog qrw glvwlqjxlvk ehwzhhq d fkdqjh lq lqwhufhsw dqg d fkdqjh lq vorsh

frh!flhqwv rq vrlo hurgdelolw|1

Djdlq vlqfh wklv lv d yduldeoh wkdw ydulhv eurdgo| e| uhjlrq/ lw pljkw eh slfnlqj

xs rwkhu uhjlrqdo yduldwlrqv1 Qrqh ri wkh frh!flhqwv lv vljql�fdqw diwhu lqfoxglqj

vwdwh h�hfwv ru doo rwkhu vrlo fkdudfwhulvwlfv1 Ri frxuvh wklv pljkw eh d sureohp ri

srzhu exw lw vkrzv wkdw wkh hylghqfh iru wklv w|sh ri odqg h{sorlwdwlrq lv olplwhg1

71517 Rwkhu Idfwruv

Ehvlghv wudglwlrqdo wkhruhwlfdo hfrqrplf prwlydwlrqv rwkhu idfwruv vxfk dv wd{ odzv

ru djulfxowxudo sulfh vxssruwv pljkw d�hfw whqdqf| fkrlfh1 Lq glvfxvvlrqv zlwk d

ydulhw| ri shrsoh/ wkh rqo| ohjlvodwlrq phqwlrqhg wkdw frxog srvvleo| d�hfw whq0

dqf| fkrlfh zdv wkh Vrfldo Vhfxulw| ohjlvodwlrq1

54
Kdylqj d vkduhfurs ru �{hg uhqw

54
Qrwh wkdw wr wkh h{whqw wkdw djulfxowxudo sulfh vxssruwv ru rwkhu idup srolf| ghfuhdvhv

ulvn/ lw vkrxog kdyh dq lpsdfw rq whqdqf| fkrlfh1 L dp frqwuroolqj ri frxuvh iru doo furs

vshfl�f h�hfwv1 Dovr qrwh wkdw dowkrxjk L gr qrw nqrz ri dq| vwdwh vshfl�f ohjlvodwlrq

wkdw pljkw d�hfw whqdqf| fkrlfh/ dq| vxfk h�hfw lv fdswxuhg lq prgho 5 zklfk lqfoxghv

vwdwh gxpplhv1
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frqwudfw fdq d�hfw zkhwkhu wkh lqfrph ri wkh odqgorug lv fkdudfwhul}hg dv hduqhg lq0

frph ru uhqwdo lqfrph1 Wklv zrxog kdyh lw wkh juhdwhvw lpsdfw rq uhwluhg odqgorugv

yhuvxv qrq0uhwluhg odqgorugv1 Wkh iruphu suhihu qrw wr kdyh wkhlu uhqwdo lqfrph

frxqwhg dv hduqhg lqfrph vlqfh wkhlu Vrfldo Vhfxulw| ehqh�wv frxog eh uhgxfhg1

Wkh h�hfwv iru wkh qrq0uhwluhg odqgorugv zrxog ghshqg rq wkh lqglylgxdo vlwxdwlrq

exw pljkw jr wkh rwkhu zd| li wkh odqgorug wulhv wr kdyh hduqlqjv vr dv wr lqfuhdvh

ixwxuh Vrfldo Vhfxulw| ehqh�wv1 Wkh uhvxowv vkrz krzhyhu wkdw wkh gxpplhv iru

wkh odqgorug ehlqj uhwluhg duh qrw vwdwlvwlfdoo| vljql�fdqw1

55

716 Lqsxw Xvh

71614 Ihuwlol}hu/ Khuelflghv ) Shvwlflghv/ dqg Shwurohxp Surgxfwv

Wkh prudo kd}dug vwru| ri vkduhfursslqj suhglfwv wkdw vkduhfursshuv xvh ihzhu

lqsxwv wkdq fdvk uhqwhuv1 Wklv kdv ehhq h{whqvlyho| whvwhg zlwk pl{hg uhvxowv1

Wkh idfw wkdw frvw vkdulqj doohyldwhv ru hyhq vroyhv wkh lqfhqwlyh sureohpv kdv

uhfhlyhg d juhdw ghdo ri dwwhqwlrq lq wkh wkhruhwlfdo olwhudwxuh exw lv qhjohfwhg lq

wkh hpslulfdo uhvhdufk frpsdulqj lqsxw xvh1

55
Zhoov +4<;7, vkrzv dqrwkhu zd| Vrfldo Vhfxulw| ohjlvodwlrq pljkw kdyh dq lpsdfw

rq whqdqf| fkrlfh1 Lq d glvfxvvlrq ri wkh Fdoliruqld vwudzehuu| lqgxvwu| vkh dujxhv

wkdw lq wkh devhqfh ri ohjlvodwlrq wkh iduphuv zrxog hpsor| Ph{lfdq juhhq0fdughuv dv

zdjh oderuhuv1 Krzhyhu/ vkduhfursshuv duh uhjdughg dv lqghshqghqw frqwudfwruv dqg duh

uhvsrqvleoh iru doo vrfldo vhfxulw| sd|phqwv zklfk wkh| riwhq hydgh1 Vr e| hpsor|lqj lwv

Ph{lfdq zrunhuv dv vkduhfursshuv/ wkh iduphu dyrlgv sd|lqj vrfldo vhfxulw| wd{hv1 Wklv

lv qrw sudfwlfhg lq wkh fursv L dp orrnlqj dw1
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Frvw vkdulqj lv djjuhvvlyho| vwlpxodwhg e| wkh Frrshudwlyh H{whqvlrq Vhuylfh

ehfdxvh ri wkh srvlwlyh lqfhqwlyh h�hfw/ dqg lw lv yhu| frpprq iru fhuwdlq lqsxwv1

Wdeoh : vkrzv krz riwhq frvw vkdulqj lv xvhg iru wkh ydulrxv lqsxwv1 Lw lv sduwlfxoduo|

frpprq iru ihuwlol}hu dqg khuelflghv ) shvwlflghv/ dqg pxfk ohvv frpprq iru kluhg

oderu dqg shwurohxp surgxfwv1

Wdeoh ; vkrzv wkh dqdo|vlv ri wkh xvh ri wkuhh lqsxwv/ ihuwlol}hu/ khuelflghv )

shvwlflghv/ dqg shwurohxp surgxfwv/ ehwzhhq ydulrxv w|shv ri rshudwruv1

Lq wkh wdeoh wkh fdvk uhqwhuv duh xvhg dv wkh edvh wr zklfk wkh rwkhuv duh

frpsduhg1 Wkh qxpehuv iroorzlqj �{hg uhqw duh vdpsoh phdqv1 Wkh qxpehuv

iroorzlqj wkh wkuhh rwkhu w|shv ri uhqwhuv duh uhjuhvvlrq frh!flhqwv rq wkh gxpplhv

iru rshudwru w|sh1 Vwdwh �{hg h�hfwv duh lqfoxghg lq wkhvh uhjuhvvlrqv exw qrw

uhsruwhg1

Wkh srzhu ri wkh whvwv ghshqg rq wkh vdpsoh vl}hv1 Iru ulfh/ L grq*w �qg dq|

vwdwlvwlfdoo| vljql�fdqw gl�huhqfhv ehwzhhq wkh gl�huhqw w|shv ri rshudwruv exw wklv

lv qrw vxusulvlqj jlyhq wkh yhu| orz vdpsoh vl}hv1 Qrwh dovr wkdw vdpsohv vl}hv iru

frvw vkdulqj lq shwurohxp surgxfwv duh yhu| orz1

Iluvw frpsduh frvw vkdulqj vkduhfursshuv yhuvxv fdvk uhqwhuv1 Rxw ri wkh 48

fdvhv/ frvw vkduhuv xvh rqfh vwdwlvwlfdoo| vljql�fdqwo| pruh +dw 8(, wkdq fdvk uhqwhuv

dqg rqfh vljql�fdqwo| ohvv +dw 43(,1 Wkh rwkhu fdvhv duh derxw htxdoo| glylghg

ehwzhhq srvlwlyh dqg qhjdwlyh h�hfwv1 Wkh mrlqw k|srwkhvlv wkdw doo frh!flhqwv rq
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Wdeoh := Frvw Vkdulqj e| W|sh ri H{shqglwxuh

Shufhqwdjh Frvw Vkdulqj

Ihuwl0 Kluhg Shwu1 Lqvxu1 Khue1 ) Rwkhu

Q ol}hu Oderu Surg1 Suhp1 Shvw1 H{s1

zkhdw fdvk 775 9187 3184 51;: 4514< 41<; ;146

vkduh :5: 76146 51<3 :153 6318< 54176 4719<

rwkhu 88 68157 41<9 8147 5<1:; 4415< 491;8

ulfh fdvk 434 816< 5185 41:8 <199 71<6 4:1:5

vkduh 566 55173 7168 45193 5816: 4913: 47156

rwkhu 53 8:173 318< 6:1;: 79148 6<138 7:1<6

fruq fdvk <<4 46139 513< 8146 54199 44155 4419;

vkduh ::5 96154 43153 4414; 7<1:: 8<13: 79169

rwkhu :; 55165 41<; 471<6 66135 561<7 4<189

vr|ehdqv fdvk :78 4615< 7183 9157 55187 431<5 47159

vkduh :36 981<3 :1;: 4719; 8616; 8;1:6 7:135

rwkhu :5 75144 53167 51<< 481:9 6413< 73187

frwwrq fdvk ;93 43139 6187 7148 4618: 71;; <153

vkduh 977 6:176 5196 716: 4<1;5 5813: 4516;

rwkhu 8: 74186 3178 41<5 5<134 74198 56169
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Wdeoh ;= Frpsdulvrq ri Lqsxw Xvh

D1 Zkhdw

ihuwlol}hu shwu1 surg1 khue1 ) shvw1 �
2

Q frhi1 Q frhi1 Q frhi1

�{hg uhqw :3 ;145 :4 71<6 :3 7194

frvw vkdulqj 83 061;< 46 03137 5< 31<8 61:6

W

+5165, +5134, +31<<,

qr frvw vkdulqj 8< 08139 <9 04187 ;3 04154

WW

43195

WW

+5143, +413:,

W

+31:6,

sxuh rzqhuv 566 051:8 564 3159 565 04138 81;5

W

+4198, +31<6,

W

+3194,

E1 Ulfh

ihuwlol}hu shwu1 surg1 khue1 dqg shvw1 �
2

Q frhi1 Q frhi1 Q frhi1

�{hg uhqw 48 55135 48 4;1;5 48 4:1;;

frvw vkdulqj < 91<; ; 319< 43 9199 418<

+:1;;, +91<5, +:17:,

qr frvw vkdulqj 53 4158 54 06136 4< 0614; 3197

+9165, +814:, +9156,

sxuh rzqhuv 5: 06147 5: 4197 59 04159 316:

+917:, +816<, +9176,

+frqwlqxhg rq qh{w sdjh,
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Wdeoh ; � frqwlqxhg

F1 Fruq

ihuwlol}hu shwu1 surg1 khue1 ) shvw1 �
2

Q frhi1 Q frhi1 Q frhi1

�{hg uhqw 443 581:7 444 431<6 444 471<<

frvw vkdulqj ;6 051;< 65 5168 :3 03149 5193

+5196, +5133, +41;8,

qr frvw vkdulqj 57 0:1;6 :: 041<3 6< 04165 81:9

W

+7138, +4179, +515<,

sxuh rzqhu 5<5 091<3 5<6 04154 5<8 07195

WWW

5717:

WWW

+5136, +4143,

WWW

+4168,

G1 Vr|ehdqv

ihuwlol}hu shwu1 surg1 khue1 dqg shvw1 �
2

Q frhi1 Q frhi1 Q frhi1

�{hg uhqw <5 5415; <5 <17; <5 481;9

frvw vkdulqj 87 4157 4: 71<: 75 0318; 7189

+51;<,

WW

+516<, +5193,

qr frvw vkdulqj 58 0;134 95 3179 6: 041<4 71<7

WW

+61;6, +4188, +51:8,

sxuh rzqhu 5<8 071:; 635 03137 634 0616;

WW

<1;3

WW

+5134, +4143,

WW

+4199,

+frqwlqxhg rq qh{w sdjh,
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Wdeoh ; � frqwlqxhg

H1 Frwwrq

ihuwlol}hu shwu1 surg1 khue1 ) shvw1 �
2

Q frhi1 Q frhi1 Q frhi1

�{hg uhqw <3 571;< <6 4;163 ;; 68136

frvw vkdulqj 58 7148 < 04166 4< 3186 4133

+7168, +71:3, +9153,

qr frvw vkdulqj 74 08183 89 07149 79 04183 81;8

+6176,

W

+5167, +715;,

sxuh rzqhu 478 0716; 47< 06145 473 0:183

WW

4513:

WW

+5177,

W

+41::,

WW

+6146,

I1 Doo Ilyh Fursv �
2
vwdwlvwlfv

ihuwlol}hu shwu1 surg1 khue1 ) shvw1 �
2

frvw vkdulqj 81<3 81;3 41:; 4617:

qr frvw vkdulqj

WWW

49186 :169 61<8

WW

5:1;6

sxuh rzqhu

WWW

56177 717<

WWW

57193

WWW

85186

Qrwhv= Wkh qxpehu xqghu frhi1 iroorzlqj wkh fdwhjru| �{hg uhqw/ duh wkh vdpsoh

phdqv ri lqsxw xvh shu dfuh1 Wkh qxpehuv iroorzlqj frvw vkdulqj/ qr frvw vkdulqj/

dqg sxuh rzqhu/ duh uhjuhvvlrq frh!flhqwv +zlwk vwdqgdug huuruv, ri wkh uhjuhvvlrq ri

lqsxw xvh shu dfuh rq d frqvwdqw dqg wkh gxpplhv iru rshudwru w|sh1 Wkh odvw froxpq

uhsruwv wkh fkl0vtxduh vwdwlvwlf ri wkh whvw wkdw doo frh!flhqwv rq wkh wkuhh w|shv ri

lqsxwv duh }hur djdlqvw d wzr0vlgh dowhuqdwlyh1 Xqghu wkh khdglqj cI1 Doo Ilyh Fursv*

wkh fkl0vtxduh vwdwlvwlfv duh uhsruwhg zklfk whvw wkdw wkh frh!flhqwv iru d sduwlfxodu

lqsxw duh }hur iru doo �yh fursv1 Ilqdoo|/ wkh odvw froxpq xqghu wklv khdglqj vkrzv

wkh fkl0vtxduh vwdwlvwlfv iru doo fursv iru doo lqsxwv1 Rqh/ wzr/ dqg wkuhh vwduv lqglfdwh

vljql�fdqfh dw wkh 43(/ 8(/ dqg 4( ohyho1 Wkh fulwlfdo ydoxhv iru wkh fkl0vtxduh whvwv

duh uhvshfwlyho| <157/ 4413:/ dqg 4813< iru wkh �yh furs k|srwkhvhv/ 9158/ :1;5/ dqg

44167 iru wkh wkuhh lqsxw k|srwkhvhv/ dqg 55164/ 58133/ dqg 6318; iru wkh 6 lqsxw dqg

8 furs mrlqw k|srwkhvhv1
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wkh frvw vkduh gxpplhv duh }hur/ lv qrw vljql�fdqw1 +�
2
vwdwlvwlf lv 4617:/ zkloh wkh

43( fulwlfdo ydoxh lv 55164,1

Frpsdulqj qrq frvw vkdulqj vkduhfursshuv zlwk �{hg uhqwhuv jlyhv d vwulnlqjo|

gl�huhqw uhvxow1 Rxw ri wkh 48 fdvhv/ 46 duh vkrzlqj wkdw qrq frvw vkduhuv xvh ohvv

lqsxwv wkdq �{hg uhqwhuv1 Wkuhh ri wkrvh duh vljql�fdqw dw wkh 43( ohyhov dqg wzr

dw wkh 8( ohyho1 Wkh mrlqw k|srwkhvlv wkdw qrq frvw vkdulqj vkduhfursshuv xvh wkh

vdph dv �{hg uhqwhuv lv uhmhfwhg dw wkh 8( ohyho1 Wkh uhvxowv lpso| wkdw prudo

kd}dug sureohpv lq wkh xvh ri lqsxwv h{lvw/ exw wkdw wkhvh fdq eh hdvlo| uhvroyhg

e| xvlqj frvw vkdulqj1 Wkh reylrxv txhvwlrq udlvhg e| wkhvh uhvxowv lv zk| frvw

vkdulqj lv qrw sduw ri hyhu| frqwudfw1

Rqh dqvzhu wr wklv txhvwlrq lv wkdw frvw vkdulqj lv rqo| xvhixo zkhq wkh dprxqw

xvhg lv revhuydeoh exw wkh rswlpdo lv xqnqrzq1 Lw lv kdug iru odqgorugv wr revhuyh

li shwurohxp surgxfwv +pdlqo| jdvrolqh, duh xvhg iru surgxfwlrq rq wkh uhqwhg sorw1

Ihuwlol}hu dqg khuelflghv ) shvwlflghv rq wkh rwkhu kdqg duh pxfk hdvlhu wr prq0

lwru hvshfldoo| li wkh odqgorug kdv vrph nqrzohgjh ri djulfxowxuh1 Wklv gl�huhqfh

lq prqlwrulqj delolw| ehwzhhq wkhvh lqsxwv vhhpv wr h{sodlq wkh odujh gl�huhqfh

lq wkh xvh ri frvw vkdulqj ehwzhhq shwurohxp surgxfwv/ ihuwlol}hu/ khuelflghv dqg

shvwlflghv1 D surelw dqdo|vlv ri wkh xvh ri frvw vkdulqj +wkh uhvxow ri zklfk duh

suhvhqwhg lq Fdqmhov 4<<9, surylghv d zhdn vxssruw ri wkh dujxphqw deryh1 Wklv

dqdo|vlv vkrzv wkdw wkh frvwv ri shwurohxp surgxfwv duh pruh riwhq vkduhg zkhq
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wkh odqgorug lv ehwwhu deoh wr fkhfn wkh xvh ri wkh lqsxw/ vshfl�fdoo| zkhq wkh odqg0

orug lv d iduphu1 Ehfdxvh qr vxfk h�hfw zdv irxqg iru ru ihuwlol}hu dqg khuelflghv

) shvwlflghv/ rwkhu idfwruv duh suredeo| lqyroyhg lq wkh fkrlfh iru frvw vkdulqj1

D vhfrqg dqvzhu zk| qrw hyhu|rqh xvhv frvw vkdulqj lv wkh iroorzlqj1 Wkh wkhru|

ri vkduhfursslqj dujxhg wkdw lw pljkw eh xvhg wr uhgxfh lqfhqwlyhv ri h{sorlwlqj wkh

odqg1 Li wklv wkhru| lv fruuhfw/ wkh lqfhqwlyhv vkrxog qrw eh uhvwruhg e| xvlqj frvw

vkdulqj1 Frpsdulqj wkh lqsxw xvh ehwzhhq fdvk uhqwhuv yhuvxv rzqhu rshudwruv fdq

vkhg pruh oljkw rq wklv srvvlelolw| vlqfh wkh iruphu kdyh hyhu| lqfhqwlyh wr h{sorlw

wkh odqg zkloh wkh odwwhu kdyh wkh fruuhfw lqfhqwlyhv1 Wdeoh : vkrzv yhu| vwurqjo|

wkdw rzqhu rshudwruv gr wloo wkh odqg pxfk ohvv lqwhqvlyh wkdq fdvk uhqwhuv1 Lq 46 ri

wkh 48 fdvhv wkh frh!flhqw rq rzqhuv lv qhjdwlyh1 Wklv lv 6 wlphv vljql�fdqw dw wkh

43( ohyho/ 7 wlphv dw wkh 8( ohyho/ dqg 5 wlphv dw wkh 4( ohyho1 Wkh mrlqw k|srwkhvlv

whvwv vkrz d gl�huhqfh iru wkh lqsxwv ihuwlol}hu dqg khuelflghv ) shvwlflghv/ dqg wkh

fursv fruq/ vr|ehdqv/ dqg frwwrq1

56

Jlyhq wkhvh uhvxowv rq wkh h{sorlwdwlrq ri odqg e| uhqwhuv/ wkh txhvwlrq ri frvw

vkduh xvh lv wxuqhg durxqg= Zk| gr vrph frqwudfwv vshfli| frvw vkdulqjB Rqh

srvvleoh dqvzhu lv wkdw frvw vkdulqj dovr surylghv ulvn vkdulqj dgydqwdjhv1 D vhfrqg

dqvzhu lv wkdw wkh Frrshudwlyh H{whqvlrq Vhuylfh kdv vwlpxodwhg wkh xvh ri frvw

vkdulqj dqg wkh odqgorugv dqg whqdqwv kdyh iroorzhg wkhlu dgylfh1 Wr hydoxdwh

56
Wkhvh uhvxowv duh qrw h{sodlqhg e| wkh vl}h ri wkh idup1 Wkh frh!flhqwv dqg vwdqgdug

huuruv fkdqjh yhu| olwwoh zkhq lqfoxglqj olqhdu dqg txdgudwlf vl}h +dfuhdjh, h�hfwv1
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ehwwhu wkh suxghqfh ri wklv dgylfh pruh uhvhdufk qhhgv wr eh grqh wr frpsduh

ohdvhg odqg zlwk rzqhu rshudwhg odqg1

71615 Pdqdjhuldo Ghflvlrq Pdnlqj

Uhvhdufk derxw rwkhu frxqwulhv dqg rwkhu wlphv kdv vkrzq wkdw wkh odqgorug riwhq

vxssolhv wkuhh lqsxwv= fuhglw/ fdslwdo htxlsphqw/ dqg pdqdjhuldo h{shuwlvh1 Wkh

DHORV grhv qrw surylgh dq| gluhfw lqirupdwlrq rq wkh surylvlrq ri fuhglw e|

wkh odqgorug1 Wkh surelw dqdo|vlv/ krzhyhu/ vxjjhvwhg wkdw fuhglw lv qrw d idfwru

lq frqwudfw fkrlfh1 Vlqfh lq wkh X1V1 fdslwdo htxlsphqw lv xvxdoo| rzqhg e| wkh

whqdqw/ wkh rqo| lqsxw surylghg e| wkh odqgorug wkdw lv vxemhfw wr wkh prudo kd}dug

sureohp lv pdqdjhuldo h{shuwlvh1

Wkh DHORV surylghv xqltxh lqirupdwlrq rqpdqdjhuldo ghflvlrq pdnlqj1 Wdeoh

; uhsruwv wkh suredelolw| wkdw d odqgorug pdnhv fhuwdlq pdqdjhuldo ghflvlrqv/ wkh

whqdqw pdnhv wkhp/ ru wkh| pdnh wkhp mrlqwo|1 Wkhvh ghflvlrqv duh= vhohfwlrq ri

ihuwlol}hu dqg fkhplfdov/ fxowlydwlrq sudfwlfhv/ vhohfwlrq ri furs ydulhwlhv/ kduyhvwlqj

ghflvlrqv/ dqg pdunhwlqj1 Wkh wdeoh frqwudvwv wkhvh suredelolwlhv iru �{hg uhqw

dqg vkduh frqwudfwv1 Iru h{dpsoh lq fruq vkduhfursslqj odqgorugv kdyh d 81:(

suredelolw| ri pdnlqj doo wkh kduyhvwlqj ghflvlrqv/ d 5618( suredelolw| ri pdnlqj

wkhp mrlqwo| zlwk wkh whqdqw/ dqg d :31;( suredelolw| ri qrw ehlqj lqyroyhg lq wkh

wdvn1 Mrlqw ghflvlrq pdnlqj lv pruh olnho| iru vkduhfursshuv wkdq iru fdvk uhqwhuv

iru doo 58 fdvhv +8 w|shv ri ghflvlrqv dqg 8 fursv,1 Wkh gl�huhqfhv duh wkh vwurqjhvw
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Wdeoh <= Pdqdjhuldo Ghflvlrq Pdnlqj

Zkhdw Ulfh Fruq Vr|ehdqv Frwwrq

fdvk vk1 fdvk vk1 fdvk vk1 fdvk vk1 fdvk vk1

Q 5;9 8<5 96 4;9 986 94< 839 883 875 83;

vhohfwlrq oo :13 :14 614 51: 715 91; 817 519 :1; 431<

ihuwlol}hu ww ;;1: :918 <51: ;<1< ;<1< 991: ;;14 9417 ;:18 :;1;

dqg fkhp1 e1 716 4917 715 :16 81< 5919 918 6913 71: 4316

fxowlydwlrq oo 914 91: 51< :13 61< 819 815 51: ;13 715

sudfwlfhv ww ;81; :619 <71; ;616 ;;19 9<1: ;718 :313 ;519 ;;18

e1 ;14 4<1; 516 <1: :18 571: 4315 5:16 <18 :16

vhohfwlrq oo 915 :15 71< :13 713 81; 819 519 :1; 716

furs ww <416 :<1; <614 ;417 <31: 9:15 ;:13 9818 ;;13 ;:13

ydulhwlhv e1 518 4614 514 4419 816 5:13 :17 641< 715 ;1:

kduyhvwlqj oo 918 918 51< 51: 61: 81: 817 613 :1; 715

ghflvlrqv ww <31; ;51: <814 <414 <41; :31; ;:1: :71< ;<14 ;<17

e1 51: 431< 513 914 718 5618 91< 5514 614 917

oo ;13 5316 51< 617 717 4;13 916 481; :1; 4417

pdunhwlqj ww :;16 7515 ;514 :913 ;;1< 6919 ;71: 7515 ;:13 :615

e1 461: 6:19 4813 5319 91; 7818 <14 7513 814 4818

Qrwhv= Wkh hqwu| jlyhv wkh shufhqwdjh ri doo frqwudfwv iru zklfk wkh ghflvlrqv duh

pdgh e| wkh odqgorug +oo,/ wkh whqdqw +ww,/ ru erwk +e,1
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iru pdunhwlqj ghflvlrqv1 Iru h{dpsohv/ lq zkhdw :;16( ri fdvk uhqwhuv yhuvxv 7515(

ri vkduhfursshuv pdnh doo pdunhwlqj ghflvlrqv dorqh1 Wkh wzr fursv wkdw vkrz wkh

odujhvw gl�huhqfhv duh fruq dqg vr|ehdqv1

Zkloh wklv lv vwurqj hylghqfh iru d gl�huhqfh lq odqgorug lqyroyhphqw ehwzhhq

vkduh dqg fdvk frqwudfwv/ wzr lqwhusuhwdwlrqv duh srvvleoh1 Iluvw/ lw fdq eh lqwhu0

suhwhg dv d gl�huhqfh lq pdqdjhuldo lqsxwv/ vxssruwlqj wkh odqgorugv* prudo kd}dug

lvvxh zkhuh lq vkduh frqwudfwv wkh odqgorug kdv dq lqfhqwlyh wr surylgh pdqdjhuldo

h{shuwlvh1 Dowhuqdwlyho|/ lw fdq eh lqwhusuhwhg dv d gl�huhqfh lq pdqdjhuldo frqwuro

zklfk vxssruwv wkh whqdqwv* prudo kd}dug sureohp zkhuh wkh fdvk uhqwhu kdv wkh

fruuhfw lqfhqwlyhv exw wkh vkduhfursshu pxvw eh prqlwruhg,1

8 Frqfoxvlrqv

Vkduhfursslqj frqwlqxhv wr eh lpsruwdqw lq prghuq X1V1 djulfxowxuh1 Wklv sdshu

dqdo|}hv wkh prwlydwlrqv iru vkduhfursslqj iru �yh fursv lq zklfk vkduhfursslqj

lv prvw surplqhqw= frwwrq/ fruq/ zkhdw/ ulfh/ dqg vr|ehdqv1

Edvhg rq d phdvxuh ri ulvn frqvwuxfwhg iurp sdqho gdwd rq |lhogv dqg zhdwkhu/

ulvn lv dq lpsruwdqw idfwru lq h{sodlqlqj frqwudfw fkrlfh1 Wklv lv sduwlfxoduo|

lqwhuhvwlqj ehfdxvh vhyhudo hfrqrplvwv ehjdq grxewlqj wkh lpsruwdqfh ri ulvn gxh

wr wkh odfn ri hpslulfdo vxssruw1

57

57
H1j1/ Hvzdudq dqg Nrwzdo +4<;8, prwlydwh wkhlu prgho ri wzr0vlghg prudo kd}dug
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Wkhuh duh/ krzhyhu/ dovr prudo kd}dug sureohpv lq wkh surylvlrq ri lqsxwv1

Frvw vkdulqj vkduhfursshuv xvh dq htxdo dprxqw ri lqsxwv +ihuwlol}hu/ shwurohxp

surgxfwv/ dqg khuelflghv ) shvwlflghv, dv fdvk uhqwhuv/ exw vkduhfursshuv zkr gr

qrw xvh frvw vkdulqj xvh ihzhu lqsxwv1 Suhylrxv hpslulfdo lqyhvwljdwlrqv ljqruhg

wkh lpsdfw ri frvw vkdulqj rq wkh h!flhqf| ri djulfxowxudo surgxfwlrq xqghu vkduh

frqwudfwv1 Rq wkh odqgorug*v vlgh/ prudo kd}dug sureohpv vhhp wr h{lvw iru wkh

surylvlrq ri pdqdjhuldo h{shuwlvh/ vlqfh vkduhfursslqj odqgorugv duh pruh lqyroyhg

lq wkh ghflvlrq pdnlqj wkdq fdvk odqgorugv1 Krzhyhu/ wklv frxog dovr eh prqlwrulqj/

lq zklfk fdvh lw vxssruwv wkh lpsruwdqfh ri prudo kd}dug sureohpv rq wkh whqdqw*v

vlgh1

Wklv hylghqfh vxssruwv wkh xvhixoqhvv ri djhqf| wkhru|1 Krzhyhu/ wklv uhvhdufk

dovr srlqwv rxw vrph sx}}ohv1 Li frvw vkdulqj vroyhv ru doohyldwhv wkh lqfhqwlyh

sureohpv/ zk| grhv qrw hyhu|rqh xvh frvw vkdulqjB Lw lv zhoo nqrzq wkdw frvw

vkdulqj lv xvhixo rqo| zkhq wkh dprxqw ri lqsxwv lv revhuydeoh exw wkh rswlpxp lv

xqnqrzq1 Krzhyhu/ wklv dsshduv qrw wr eh wkh ixoo vwru|1

Wkuhh slhfhv ri hylghqfh vxjjhvw wkdw fdvk uhqwhuv h{sorlw wkh odqg dqg wkdw

vkduhfursslqj +zlwkrxw frvw vkdulqj, lv xvhg wr olplw odqg h{sorlwdwlrq1 Iluvw/

odqgorugv zkr duh ohvv deoh wr prqlwru wkh fruuhfw xvdjh ri wkh odqg ehfdxvh wkh|

olyh idu dzd|/ duh pruh olnho| wr fkrrvh d vkduh frqwudfw1 Vhfrqg/ hurgleoh odqg

sureohpv e| cwkh dujxphqw wkdw ulvn vkdulqj lv wkh pdlq prwlydwlrq ehklqg vkduhfursslqj

odfnv hpslulfdo vxssruw1*
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lv pruh olnho| wr eh vkduhfursshg1 Ilqdoo|/ rzqhu rshudwruv xvh ihzhu lqsxwv wkdq

fdvk uhqwhuv1 Wkh lvvxh ri odqg h{sorlwdwlrq ghvhuyhv pruh dwwhqwlrq wkdq lw kdv

suhylrxvo| uhfhlyhg ehfdxvh ri wkh odujh dqg jurzlqj lpsruwdqfh ri fdvk whqdqf|1

9 Dsshqgl{

Ghvfulswlrq ri Yduldeohv

� vl}h ri krxvhkrog= qxpehu ri shrsoh lq d krxvhkrog lqfoxglqj fkloguhq

� djh ri rshudwru= vhoi h{sodqdwru|

� vrlo hurgdelolw|= dyhudjh N idfwru iurp Qdwlrqdo Uhvrxufh Lqyhqwru|

� shuf1 luuljdwlrq= shufhqwdjh fursodqg luuljdwhg

� idup zhdowk= wrwdo zhdowk rshudwru uhodwhg wr wkh idup rshudwlrq lq ploolrqv

� ghew0dvvhw udwlr= udwlr iru idup uhodwhg dvvhwv dqg ghewv

� glvwdqfh 	 83 plohv= gxpp| iru glvwdqfh ri uhvlghqfh odqgorug wr sorw ohvv

wkdq 83 plohv

� glvwdqfh 83 wr 483 plohv= gxpp| iru glvwdqfh ehwzhhq 83 dqg 483 plohv

� glvwdqfh : 483 plohv= gxpp| iru glvwdqfh ri uhvlghqfh odqgorug wr sorw pruh

wkdq 483 plohv
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� hgxfdwlrq ohvv wkdq 45= gxpp| kljkhvw judgh frpsohwhg ohvv wkdq 45

� hgxfdwlrq 45 wr 47= gxpp| kljkhvw judgh frpsohwhg ehwzhhq 45 dqg 47

� hgxfdwlrq pruh wkdq 48= gxpp| kljkhvw judgh frpsohwhg pruh wkdq 48

� odqgorug uhwluhg= gxpp| lqglfdwlqj odqgorug lv uhwluhg

� odqgorug iduphu= gxpp| lqglfdwlqj odqgorug lv ru zdv d iduphu

� shufhqwdjh rzqhg= shufhqwdjh ri wrwdo rshudwlrq rzqhg e| wkh rshudwru

� ulvn= h{sodlqhg lq vhfwlrq 714

: Eleolrjudsk|

Jhqhudo Uhihuhqfhv

Doohq/ Grxjodv Z1/ dqg Ghdq Oxhfn1 4<<5d1 �Frqwudfw Fkrlfh lq Prghuq

Djulfxowxuh= Fdvk Uhqw Yhuvxv Fursvkduh1� Mrxuqdo ri Odz ) Hfrqrplfv 68=

6<:07591

��� 4<<5e1 �Wkh cEdfn Iruw|* rq d Kdqgvkdnh= Vshfl�f Dvvhwv/ Uhsxwdwlrq/

dqg wkh Vwuxfwxuh ri Idupodqg Frqwudfwv1� Wkh Mrxuqdo ri Odz/ Hfrqrplfv/ )

Rujdql}dwlrq ;+5,= 69906:91

���4<<61 �Wudqvdfwlrq frvwv dqg wkh ghvljq ri fursvkduh frqwudfwv1� UDQG

Mrxuqdo ri Hfrqrplfv 57+4,= :;04331

Doohq/ Iudqnolq1 4<;81 �Rq wkh Il{hg Qdwxuh ri Vkduhfursslqj Frqwudfwv1�

Wkh Hfrqrplf Mrxuqdo <8= 6307;1

Dovwrq/ Ohh M1/ Vdpdu N1 Gdwwd/ dqg Mh�uh| E1 Qxjhqw1 4<;71 �Whqdqf|

Fkrlfh lq d Frpshwlwlyh Iudphzrun zlwk Wudqvdfwlrq Frvwv1� Mrxuqdo ri Srolwlfdo

Hfrqrp| <5+9,= 4454044661

Edlhu/ Vwhskhq1 4<;31 Dq Hfrqrplf Klvwru| ri Fhqwudo Qljhu1 R{irug= Foduhq0

grq Suhvv1
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Edugkdq/ Sudqde/ dqg Dvkrn Uxgud1 4<;31 �Whupv dqg Frqglwlrqv ri Vkduh0

fursslqj Frqwudfwv= Dq Dqdo|vlv ri Yloodjh Vxuyh| Gdwd lq Lqgld1� Wkh Mrxuqdo

ri Ghyhorsphqw Vwxglhv 49+6,= 5;:06351

Ehoo/ Folyh1 4<::1 �Dowhuqdwlyh Wkhrulhv ri Vkduhfursslqj= Vrph Whvwv Xvlqj

Hylghqfh iurp Qruwkhdvw Lqgld1� Mrxuqdo ri Ghyhorsphqw Vwxglhv 46+7,= 64:06791

Ehoo/ Folyh/ Duxs Udkd/ dqg W1Q1 Vulqlydvdq1 4<<71 �Doorfdwlyh H!flhqf| dqg

wkh Fkrlfh ri Frqwudfw= D Frpsdulvrq ri Vkduhfursslqj lq Elkdu dqg Sxqmde1�

Pdqxvfulsw1

Eolvv/ Fkulvwrskhu M1/ dqg Qlfrodv K1 Vwhuq1 4<;51 Sdodqsxu= Wkh Hfrqrp| ri

dq Lqgldq Yloodjh1 R{irug= Foduhqgrq Suhvv1

Fdqmhov/ Hxjhqh 4<<9/ �Hvvd|v rq Wlph Vhulhv Hfrqrphwulfv dqg Vkduhfursslqj

Djulfxowxuh1� Sk1G1 glvv/ Qruwkzhvwhuq Xqlyhuvlw|1

Fkhxqj/ Vwhyhq Q1V1 4<9;1 �Sulydwh Surshuw| Uljkwv dqg Vkduhfursslqj1�

Mrxuqdo ri Srolwlfdo Hfrqrp| :9= 443:044551

Hvzdudq/ Pxnhvk/ dqg Dvkrn Nrwzdo1 4<;81 �D Wkhru| ri Frqwudfwxdo Vwuxf0

wxuh lq Djulfxowxuh1� Wkh Dphulfdq Hfrqrplf Uhylhz :8+6,= 685069:1

Ih|hukhup/ Duolq/ dqg Jdu| Sdxovhq1 4<;91 �Ghyhorsphqw ri d Zhdwkhu0|lhog

Ixqfwlrq iru Zlqwhu Zkhdw1� Djurqrp| Mrxuqdo :;= 43450434:1

Jxlonh|/ Gdylg N1/ dqg Mdphv O1 Pxusk|1 4<<61 �Hvwlpdwlrq dqg Whvwlqj lq

wkh Udqgrp H�hfwv Surelw Prgho1� Mrxuqdo ri Hfrqrphwulfv 8<= 634064:1

Kdoodjdq/ Zlooldp1 4<:;1 �Vhoi0Vhohfwlrq e| Frqwudfwxdo Fkrlfh dqg wkh Wkh0

ru| ri Vkduhfursslqj1� Wkh Ehoo Mrxuqdo ri Hfrqrplfv <+5,= 67706871

Kdxq/ M1 U1 4<:71 �Suhglfwlrq ri Vsulqj Zkhdw \lhogv iurp Whpshudwxuh dqg

Suhflslwdwlrq Gdwd1� Djurqrp| Mrxuqdo 99= 738073<1

Khdg|/ Hduo R1 4<7:1 �Hfrqrplfv ri Idup Ohdvlqj V|vwhpv1� Mrxuqdo ri Idup

Hfrqrplfv 5<+6,= 98<09:;1

Kljjv/ Khqu|1 4;<71 �*Pìwd|djh* lq Zhvwhuq Iudqfh1� Wkh Hfrqrplf Mrxuqdo

7+46,= 40461

Kloo/ U1 Z1/ G1 U1 Mrkqvrq/ dqg N1 K1 U|dq1 4<:<1 �Prgho iru Suhglfwlqj

Vr|ehdq \lhogv iurp Folpdwlf Gdwd1� Djurqrp| Mrxuqdo :4= 58405891

Kropvwurp/ Ehqjw/ dqg Sdxo Plojurp1 4<;:1 �Djjuhjdwlrq dqg Olqhdulw| lq

wkh Surylvlrq ri Lqwhuwhpsrudo Lqfhqwlyhv1� Hfrqrphwulfd 88+5,= 636065;1

Kxgd/ D1 N1 V1 4<:81 �Frqwulexwlrq ri Folpdwlf Yduldeohv lq Suhglfwlqj Ulfh
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\lhogv1� Djulfxowxudo Phwhrurorj| 48= :40;91

Md|qhv/ Jhudog G1 4<;71 �Hfrqrplf Wkhru| dqg Odqg Whqxuh1� Lq Frqwudfwxdo

Duudqjhphqwv/ Hpsor|phqw/ dqg Zdjhv lq Uxudo Oderu Pdunhwv lq Dvld hglwhg e|

K1S1 Elqvzdqjhu dqg P1U1 Urvhq}zhlj1 Qhz Kdyhq/ Frqq1/ \doh Xqlyhuvlw| Suhvv1

Mrkqvrq/ G1 Jdoh1 4<831 �Uhvrxufh Doorfdwlrq Xqghu Vkduh Frqwudfwv1� Mrxu0

qdo ri Srolwlfdo Hfrqrp| 8;+5,= 44404561

Orpdv/ M1 4<::1 �H�hfw ri Folpdwh rq Luuljdwhg Frwwrq \lhogv xqghu Vhpl0

Dulg Frqglwlrqv= Whpshudwxuh \lhog Uhodwlrqvklsv1� Djulfxowxudo Phwhrurorj| 4;=

76807861

Pduvkdoo/ Doiuhg1 4;<31 Sulqflsohv ri Hfrqrplfv1

Pluuohhv/ Mdphv1 4<:71 �Qrwhv rq Zhoiduh Hfrqrplfv/ Lqirupdwlrq/ dqg Xqfhu0

wdlqw|1� Lq Hvvd|v rq Hfrqrplf Ehkdylru Xqghu Xqfhuwdlqw| hglwhg e| P1 Edofk/

G1 PfIdgghq/ dqg Vklk0\hq Zx1 Dpvwhugdp= Qruwk0Kroodqg1

Prvwhn/ D1/ dqg M1 Zdovk1 4<;41 �Fruq \lhog Yduldelolw| dqgZhdwkhu Sdwwhuqv

lq wkh X1V1D1� Djulfxowxudo Phwhrurorj| 58= 44404571

Pxuuhoo/ Shwhu1 4<;61 �Wkh Hfrqrplfv ri Vkdulqj= d Wudqvdfwlrqv Frvw Dqdo|0

vlv ri Frqwudfwxdo Fkrlfh lq Iduplqj1� Wkh Ehoo Mrxuqdo ri Hfrqrplfv 47+4,=

5;605<61

Pxudwd/ \1 4<:61 �Hvwlpdwlrq dqg Vlpxodwlrq ri Ulfh \lhog iurp Folpdwlf

Idfwruv1� Djulfxowxudo Phwhrurorj| 48= 44:04641

Qhovrq/ Zlooldp/ dqg Urehuw Gdoh1 4<:;1 �D Phwkrgrorj| iru Whvwlqj wkh

Dffxudf| ri \lhog Suhglfwlrqv iurp Zhdwkhu0\lhog Uhjuhvvlrq Prghov iru Fruq1�

Djurqrp| Mrxuqdo :3= :670:731

Rwvxnd/ Nhlmlur/ Klur|xnl Fkxpd/ dqg \xmlur Kd|dpl1 4<<51 �Odqg dqg Oderu

Frqwudfwv lq Djuduldq Hfrqrplhv= Wkhrulhv dqg Idfwv1� Mrxuqdo ri Hfrqrplf

Olwhudwxuh 63= 4<980534;1

Sd{vrq/ Fkulvwlqd K1 4<<51 �Xvlqj Zhdwkhu Yduldelolw| Wr Hvwlpdwh wkh Uh0

vsrqvh ri Vdylqjv wr Wudqvlwru| Lqfrph lq Wkdlodqg1� Dphulfdq Hfrqrplf Uhylhz

;5+4,=480661

Uhlg/ Mrvhsk G1 Mu1 4<:<1 �Vkduhfursslqj dqg Whqdqf| lq Dphulfdq Klvwru|1�

Lq Ulvn/ Xqfhuwdlqw|/ dqg Djulfxowxudo Ghyhorsphqw hglwhg e| M1 Urxpdvvhw h1d1

Qhz \run= Djulfxowxudo Ghyhorsphqw Frxqflo1

Urjhuv/ Ghqlvh P1 4<<51 �Ohdvlqj Idupodqg lq wkh Xqlwhg Vwdwhv1� Hfrqrplf

Uhvhdufk Vhuylfh/ X1V1 Ghsduwphqw ri Djulfxowxuh/ DJHV0<48<1
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Vlqjk/ Qluylndu1 4<;<1 �Wkhrulhv ri Vkduhfursslqj1� Lq Wkh Hfrqrplf Wkhru|

ri Djuduldq Lqvwlwxwlrqv hglwhg e| S1 Edugkdq1 R{irug= Foduhqgrq Suhvv1

Vkdedq/ Udgzdq Dol1 4<;:1 �Whvwlqj ehwzhhq Frpshwlqj Prghov ri Vkduh0

fursslqj1� Mrxuqdo ri Srolwlfdo Hfrqrp| <8+8,= ;<60<531

Vwljolw}/ Mrvhsk H1 4<:71 �Lqfhqwlyhv dqg Ulvn Vkdulqj lq Vkduhfursslqj1� Uh0

ylhz ri Hfrqrplf Vwxglhv 74+5,= 54<05881

Wkrpsvrq/ Orxlv P1 4<9<d1 �Zhdwkhu dqg Whfkqrorj| lq wkh Surgxfwlrq ri

Fruq lq wkh X1V1 Fruq Ehow1� Djurqrp| Mrxuqdo 94= 78607891

��� 4<9<e1 �Zhdwkhu dqg Whfkqrorj| lq wkh Surgxfwlrq ri Zkhdw lq wkh

Xqlwhg Vwdwhv1� Mrxuqdo ri Vrlo dqg Zdwhu Frqvhuydwlrq 57= 54<05571

��� 4<:31 �Zhdwkhu dqg Whfkqrorj| lq wkh Surgxfwlrq ri Vr|ehdqv lq wkh

Fhqwudo Xqlwhg Vwdwhv1� Djurqrp| Mrxuqdo 95= 56505691

��� 4<;91 �Folpdwlf Fkdqjh/ Zhdwkhu Yduldelolw|/ dqg Fruq Surgxfwlrq1�

Djurqrp| Mrxuqdo :;= 97<09861

Zhoov/ Pluldq M1 4<;71 �Wkh Uhvxujhqfh ri Vkduhfursslqj= Klvwrulfdo Dqrpdo|

ru Srolwlfdo Vwudwhj|B� Dphulfdq Mrxuqdo ri Vrflrorj| <3+4,= 405<1

Zroslq/ Nhqqhwk L1 4<;51 �D Qhz Whvw ri wkh Shupdqhqw Lqfrph K|srwkhvlv=

Wkh Lpsdfw ri Zhdwkhu rq wkh Lqfrph dqg Frqvxpswlrq ri Idup Krxvhkrogv lq

Lqgld1� Lqwhuqdwlrqdo Hfrqrplf Uhylhz 56+6,= 8;608<71

Frrshudwlyh H{whqvlrq Vhuylfh Grfxphqwv

Edunh|/ Sdxo/ Jd|oh Zloohww/ dqg Dprv Ehfkwho1 4<<51 �Ohdvh Whupv iru Lu0

uljdwhg Idupodqg lq Hdvwhuq Zdvklqjwrq1� Idup Exvlqhvv Pdqdjhphqw Uhsruwv/

Frrshudwlyh H{whqvlrq/ Zdvklqjwrq Vwdwh Xqlyhuvlw|1

Frrshudwlyh H{whqvlrq Vhuylfh1 4<<81 �Furs Ohdvlqj Idfwv Vkhhwv 0 Qu1 4 0 Qu1

431� Xqlyhuvlw| ri Loolqrlv1

Gr|h/ Gdprqd/ dqg Gduuho Nohwnh1 4<<91 �Rnodkrpd Fursodqg Uhqwdo Udwhv=

4<<81� Fxuuhqw Uhsruw 563/ Rnodkrpd Frrshudwlyh H{whqvlrq Vhuylfh/ Glylvlrq ri

Djulfxowxudo dqg Qdwxudo Uhvrxufhv/ Rnodkrpd Vwdwh Xqlyhuvlw|1

Hgzdugv/ Zlooldp1 4<;61 �Vxuyh| ri Lrzd Idup Ohdvlqj Sudfwlfhv1� IP 0

4;44/ Xqlyhuvlw| H{whqvlrq/ Lrzd Vwdwh Xqlyhuvlw|1

��� 4<<61 �Vxuyh| ri Lrzd Idup Ohdvlqj Sudfwlfhv1� IP 0 4;44/ Xqlyhuvlw|

H{whqvlrq/ Lrzd Vwdwh Xqlyhuvlw|1
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Jhh/ Grq1 4<<71 �Ohdvh Dowhuqdwlyhv iru FUS Odqg1� Xqlyhuvlw| H{whqvlrq/

Lrzd Vwdwh Xqlyhuvlw|1

Kdplowrq/ Uxwk1 4<<61 �Vrxwk Uhjlrq Loolqrlv Idup Ohdvlqj Vxuyh| 0 4<<61�

Frrshudwlyh H{whqvlrq Vhuylfh/ Xqlyhuvlw| ri Loolqrlv dw Xuedqd0Fkdpsdljq1

Kduu|pdq/ Eloo1 4<<61 �Hdvw Fhqwudo Loolqrlv Idup Ohdvlqj Vxuyh| 0 4<<61�

Frrshudwlyh H{whqvlrq Vhuylfh/ Xqlyhuvlw| ri Loolqrlv dw Xuedqd0Fkdpsdljq1

Odqjhphlhu/ Oduu|1 4<;<1 �Luuljdwlrq Furs Vkduh dqg Fdvk Uhqwdo Duudqjh0

phqwv iru \rxu Idup1� Qruwk Fhqwudo Uhjlrqdo H{whqvlrq Sxeolfdwlrq 47;1

���4<<41 �Furs Ohdvh Duudqjhphqwv rq Ndqvdv Idupv1� Uhsruw ri Surjuhvv

949/ Djulfxowxudo H{shulphqw Vwdwlrq/ Ndqvdv Vwdwh Xqlyhuvlw|1

��� 4<<81 �Ndqvdv Luuljdwlrq Ohdvhv1� NVX Idup Pdqdjhphqw Jxlgh/

PI05;71

Odqjhphlhu/ Oduu|/ Pduwlq Doeuljkw dqg Iuhgulfn Ghodqr1 4<<91 �Furs Ohdvh

Duudqjhphqwv rq Ndqvdv Idup Pdqdjhphqw Dvvrfldwlrq Idupv1� Uhsruw ri Sur0

juhvv :8:/ Ndqvdv Djulfxowxudo H{shulphqw Vwdwlrq/ Ndqvdv Vwdwh Xqlyhuvlw|1

Oleelq/ Mdphv/ Zhvoh| Zrug/ dqg Odxud Uloh|1 4<<61 �Qhz Ph{lfr Fdvk

Ohdvh Udwhv iru 4<<51� Djulfxowxudo H{shulphqw Vwdwlrq/ Uhvhdufk Uhsruw 9:9/

Qhz Ph{lfr Vwdwh Xqlyhuvlw|1

Oxeehq/ Eudgoh|1 4<<81 �Judlq Pdunhwlqj Wrrov1� Loolqrlv Frrshudwlyh H{whq0

vlrq Vhuylfh1

Pdzdpsdqjd/ Pzdqd/ dqg Iuhg Ehqvrq1 4<<81 �Nhqwxfn| Djulfxowxudo Odqg

Ydoxhv 4<<8 0 D Frxqw| Djulfxowxudo H{whqvlrq Djhqw Vxuyh|1� Djulfxowxudo Hfr0

qrplfv H{whqvlrq Qr1 444/ Frrshudwlyh H{whqvlrq Vhuylfh/ Froohjh ri Djulfxowxuh/

Xqlyhuvlw| ri Nhqwxfn|1

Qruwk Gdnrwd Djulfxowxudo Vwdwlvwlfv Vhuylfh1 4<<81 �4<<8 Qruwk Gdnrwd Frxq0

w| Uhqwv dqg Ydoxhv1�

Suhydww/ Zdowhu1 4<<5/ 4<<6/ 4<<7/ 4<<81 �Dodedpd Idupodqg Ydoxhv dqg Fdvk

Uhqwv1� Dodedpd Frrshudwlyh H{whqvlrq Vhuylfh/ Dxexuq Xqlyhuvlw|1

Vfkohqghu/ Mrkq1 4<<51 �Ndqvdv Odqg Sulfhv dqg Fdvk Uhqwdo Udwhv1� Frrs0

hudwlyh H{whqvlrq Vhuylfh/ Ndqvdv Vwdwh Xqlyhuvlw|1

Vfrww/ Mrkq1 4<<6d1 �Dqdo|}lqj wkh Idup Ohdvh1� DH 7:37 Frrshudwlyh H{0

whqvlrq Vhuylfh/ Xqlyhuvlw| ri Loolqrlv1

��� 4<<6e1 �Idup Ohdvlqj lq Loolqrlv 0 d Vwdwh Vxuyh|1� DH 7:36/ Frrshu0

dwlyh H{whqvlrq Vhuylfh/ Xqlyhuvlw| ri Loolqrlv1
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Vhdyhuw/ Fodun/ Uxvvhoo Zlwkhuv dqg Grxjodv Judqw1 4<<41 �Hfrqrplf dqg

Ohjdo Frqvlghudwlrqv iru Ohdvlqj Fursodqg lq Lgdkr1� Djulfxowxudo H{shulphqw

Vwdwlrq/ Exoohwlq Qr1 :5:/ Xqlyhuvlw| ri Lgdkr/ Froohjh ri Djulfxowxuh1

Vlpsvrq/ Wrpp|/ dqg Mdphv Oleelq1 4<;;d1 �Qhz Ph{lfr Furs0Vkduh Idup

Ohdvh Udwhv1� Frrshudwlyh H{whqvlrq Vhuylfh/ Qhz Ph{lfr Vwdwh Xqlyhuvlw|1

��� 4<;;e1 �Qhz Ph{lfr Idup Sdvwxuh Ohdvh Udwhv1� Frrshudwlyh H{whq0

vlrq Vhuylfh/ Qhz Ph{lfr Vwdwh Xqlyhuvlw|1

��� 4<;;f1 �Qhz Ph{lfr Idup Fdvk Ohdvh Udwhv1� Frrshudwlyh H{whqvlrq

Vhuylfh/ Qhz Ph{lfr Vwdwh Xqlyhuvlw|1

Wloprq/ K1 Grq1 4<<91 �Djulfxowxudo Ohdvhv 4 0 Uljkwv dqg Gxwlhv ri Odqgorugv

dqg Whqdqwv1� Frrshudwdwlyh H{whqvlrq Vhuylfh/ Xqlyhuvlw| ri Ghodzduh1

Wrpdq/ Qrup/ Qrupdq Gdovwhg/ dqg Ghqqlv Odpp1 4<<71 �Ohdvh Whupv iru

Idupodqg lq Frorudgr1� [FP049;/ Xqlyhuvlw| Frrshudwlyh H{whqvlrq/ Frorudgr

Vwdwh1

YdqWdvvhoo/ Oduu|/ dqg Sdxo Exujhqhu1 4<<71 �Sulydwh Udqjhodqg Ohdvhv lq

Z|rplqj1� DH <704/ Ghsduwphqw ri Djulfxowxudo Hfrqrplfv/ Xqlyhuvlw| ri Z|r0

plqj1

Zloohww/ Jd|oh/ Wrp Kr�pdqq/ dqg Mdqh Jurk1 4<;:1 �Idupodqg Ohdvlqj

Duudqjhphqwv lq Zklwpdq Frxqw|/ Zdvklqjwrq 0 4<;:1� H{whqvlrq Exoohwlq 3:;6/

Frrshudwlyh H{whqvlrq/ Zdvklqjwrq Vwdwh Xqlyhuvlw|1


