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Devwudfw

Wklv sdshu suhvhqwv wkh �uvw hylghqfh olqnlqj gluhfwo| krxvhkrog frqvxpswlrq sur�ohv wr

wkh zlgho| vwxglhg lqvwlwxwlrq ri vkduhfursslqj lq ghyhorslqj frxqwulhv1 Rq wkh rqh kdqg/ wkh

wkhruhwlfdo udwlrqdoh iru vkduhfursslqj riwhq fdoov iru lwv ulvn vkdulqj surshuwlhv1 Rq wkh rwkhu

kdqg hpslulfdo vwxglhv rq ulvn vkdulqj lq frqvxpswlrq riwhq uhmhfw ixoo lqvxudqfh exw dgplw wkdw

vrph irupdo ru lqirupdo phfkdqlvpv khos krxvhkrogv wr lqvxuh vxevwdqwldoo| wkhlu frqvxpswlrq

vlqfh lqfrph vkrfnv gr qrw ixoo| wudqvihu lq frqvxpswlrq1 Ulvn vkdulqj dqg frqvxpswlrq lq0

vxudqfh dfklhyhg e| uxudo krxvhkrogv iurp wkuhh surylqfhv ri Sdnlvwdq duh vwxglhg doorzlqj iru

khwhurjhqhlw| ri suhihuhqfhv dqg lq sduwlfxodu lq ulvn dyhuvlrq1 Dv ixoo lqvxudqfh lv uhmhfwhg/

wkhuh lv vrph vfrsh iru Sduhwr lpsurylqj ulvn vkdulqj phfkdqlvpv1 Dfwxdoo|/ pdunhwv duh irxqg

wr eh lqfrpsohwh hyhq dw wkh yloodjh ohyho dqg hylghqfh wkdw wkh vkduhfursslqj lqvwlwxwlrq khosv

frpsohwlqj pdunhwv lv h{srvhg1 Krxvhkrogv deoh wr xvh wklv frqwudfwxdo fkrlfh/ zklfk shuplwv

wkhp wr vkduh surgxfwlrq ulvn/ duh ehwwhu lqvxuhg djdlqvw lglrv|qfudwlf vkrfnv1 Lw vhhpv wkdw

vkduhfursslqj surylghv d frqwlqjhqw fodlp wkdw rwkhu dffhvvleoh pdunhwv gr qrw doorz wr uhsol0

fdwh1 Wklv hpslulfdo idfw vkrzv wkdw djulfxowxudo frqwudfwv sod| dq lpsruwdqw uroh e| vkdulqj

surgxfwlrq ulvn1 Ilqdoo|/ wkdqnv wr wkh hvwlpdwhg ulvn dyhuvlrq sdudphwhu/ wkh ulvn vkdulqj pr0

wlyh iru wkh frqwudfwxdo fkrlfh suhglfwhg e| vwdqgdug Sulqflsdo0Djhqw wkhru| lv gluhfwo| whvwhg1

Lw lv irxqg wkdw pruh ulvn dyhuvh djhqwv duh pruh olnho| wr jhw vkduhfursslqj frqwudfwv wkdq �{hg

uhqw frqwudfwv dqg zlwk d orzhu vkduh ri surgxfwlrq zkhq vkduhfursslqj1

MHO Fodvvl�fdwlrq= F58/ G45/ G<4/ R45/ R4:/ T45/ T48

Nh|zrugv= frpsohwh pdunhwv k|srwkhvlv/ frqvxpswlrq vprrwklqj/ khwhurjhqhrxv suhihu0

hqfhv/ ulvn/ lqvxudqfh/ vkduhfursslqj/ lqvwuxphqwdo yduldeohv/ Sdnlvwdq1

WL wkdqn Wklhuu| Pdjqdf/ Euxqr Mxoolhq dqg Hwkdq Oljrq iru khosixo glvfxvvlrqv derxw wklv sdshu1 L dovr ehqh�wwhg

iurp frpphqwv e| Dqguhz Irvwhu/ Vwìskdqh Juìjrlu/ Mhdq0Pduf Urelq dqg Gdylg Wkhvpdu1 Wklv sdshu uhfhlyhg

wkh \rxqj Hfrqrplvw Dzdug ri wkh Hxurshdq Hfrqrplf Dvvrfldwlrq lq 5333 dqg zdv suhvhqwhg dw wkh Fdqdgldq

Hfrqrplf Dvvrfldwlrq frqihuhqfh dw XEF Ydqfrxyhu +5333,/ wkh ;|� Zruog Frqjuhvv ri wkh Hfrqrphwulf Vrflhw| lq

Vhdwwoh +5333,/ wkh Hxurshdq Hfrqrplf Dvvrfldwlrq Dqqxdo Frqihuhqfh lq Ero}dqr +5333,/ wkh Qruwkhdvw Xqlyhuvlwlhv

Ghyhorsphqw Frqihuhqfh +5333, dw Fruqhoo Xqlyhuvlw|/ wkh Ghyhorsphqw Hfrqrplfv vhplqdu dw wkh Xqlyhuvlw| ri

Wrxorxvh1 L wkdqn LISUL iru surylglqj wkh gdwd dqg FUHVW iru �qdqfldo vxssruw zkhq wklv surmhfw vwduwhg1 Doo

huuruv duh plqh1
_Dgguhvv=

Xqlyhuvlw| ri Wrxorxvh L

Pdqxidfwxuh ghv Wdedfv 0 Eåw1 I 0 LQUD

54 dooìh gh Eulhqqh 64 333 Wrxorxvh/ Iudqfh

h0pdlo= gxerlvCwrxorxvh1lqud1iu

kwws=22zzz1wrxorxvh1lqud1iu2fhqwuh2hvu2FY2gxerlv2gxerlvslhuuh1kwp



�� ������	
����

Vhyhudo hpslulfdo dqg wkhruhwlfdo txhvwlrqv rq ulvn vkdulqj lvvxhv kdyh ehhq uhfhqwo| udlvhg lq sduwlf0

xodu lq ghyhorslqj frxqwulhv +Doghupdq dqg Sd{vrq/ 4<<7/ Wrzqvhqg/ 4<<7/ Frdwh dqg Udydoolrq/

4<<6/ Oljrq/ 4<<;/ Oljrq/ Wkrpdv dqg Zruudoo/ 5334,1 Wkh uhfhqw hpslulfdo olwhudwxuh rq ulvn

vkdulqj lq ghyhorslqj frxqwulhv jhqhudoo| uhmhfwhg wkh Frpsohwh Pdunhwv K|srwkhvlv4/ exw lw lv

dovr dfnqrzohgjhg wkdw hyhq li pdunhwv duh lqfrpsohwh/ vhyhudo ulvn vkdulqj phfkdqlvpv surylgh dw

ohdvw vrph sduwldo lqvxudqfh iru krxvhkrogv lq ghyhorslqj frxqwulhv1 Lq srru ghyhorslqj frxqwulhv/

djulfxowxudo rujdql}dwlrq lv reylrxvo| wkh wkhdwuh ri pdq| wudqvdfwlrq phfkdqlvpv uhodwhg wr oderu

uhodwlrqvklsv dqg odqg ohdvlqj djuhhphqwv olnh vkduhfursslqj ru �{hg uhqw frqwudfwv1 Wklv sdshu

dlpv dw orrnlqj dw wkh uroh ri wkhvh frqwudfwxdo uhodwlrqvklsv lq ulvn vkdulqj shuirupdqfh ri krxvh0

krogv lq whupv ri frqvxpswlrq vprrwklqj1 Lq sduwlfxodu/ vkduhfursslqj lv d zlghvsuhdg djulfxowxudo

ulvn vkdulqj lqvwlwxwlrq/ zklfk kdv ehhq wkh irfxv ri d kxjh wkhruhwlfdo dqg hpslulfdo olwhudwxuh lq

ghyhorsphqw hfrqrplfv +Rwvxnd/ Fkxpd dqg Kd|dpl/ 4<<5,/ exw zklfk kdv qhyhu ehhq frqvlghuhg

lq wkh frqvxpswlrq vprrwklqj olwhudwxuh dowkrxjk lwv ulvn vkdulqj surshuwlhv duh riwhq xqghuolqhg1

Wkdqnv wr wkh vwuxfwxudo hvwlpdwhv ri wkh ulvn dyhuvlrq sdudphwhu/ zh whvw gluhfwo| wkh vwdqgdug

lpsolfdwlrq ri Sulqflsdo0Djhqw wkhrulhv odqg uhqwlqj wkdw vkduhfursslqj vkrxog eh suhihuuhg wr �{hg

uhqw frqwudfwv iru pruh ulvn dyhuvh djhqwv/ zlwkrxw uho|lqj rq zhdowk uhodwhg sur{lhv iru ulvn dyhu0

vlrq1

Iluvw/ ixoo lqvxudqfh whvwv lpsohphqwhg hpslulfdoo| jhqhudoo| uho| rq vwurqj krprjhqhlw| dvvxps0

wlrqv1 Wdnlqj lqwr dffrxqw wkh khwhurjhqhlw| ri ulvn dyhuvlrq ri krxvhkrogv pd| krzhyhu eh fuxfldo

vlqfh h{fhvv vhqvlwlylw| ri frqvxpswlrq wr lqfrph frxog uhvxow iurp wkh khwhurjhqhlw| lq krxvhkrogv

suhihuhqfhv zlwk uhvshfw wr wkh ghvluh ri vprrwklqj lglrv|qfudwlf vkrfnv1 Xvlqj gdwd iurp Sdn0

lvwdq/ zh vwxg| wkh ghjuhh ri frqvxpswlrq vprrwklqj uhdfkhg e| uxudo krxvhkrogv1 Ixoo lqvxudqfh

lv uhmhfwhg1 Lq pdq| rwkhu ghyhorslqj frxqwulhv/ frqvxpswlrq vprrwklqj vwxglhv kdyh dovr vkrzq

wkdw pdunhwv duh lq jhqhudo lqfrpsohwh dqg kdyh wulhg wr dgydqfh vrph hylghqfh rq wkh lpshuihfw

ulvn vkdulqj phfkdqlvpv xvhg dqg wkh h{whqw ri lqvxudqfh dfklhyhg1 Wrzqvhqg +4<<7, vkrzhg zlwk

Lqgldq gdwd wkdw odqgohvv shrsoh zhuh ohvv zhoo lqvxuhg wkdq rwkhuv1 Irvwhu dqg Urvhq}zhlj +4<<9/

4<<:/ 5334, vkrzhg/ zlwk gdwd iurp Sdnlvwdq/ wkh lpsruwdqfh ri dowuxlvwlf olqnv ehwzhhq krxvhkrogv

4Wkh Shupdqhqw Lqfrph K|srwkhvlv +Kdoo/ 4<:;/ Slvfknh/ 4<<8, dqg Frpsohwh Pdunhwv K|srwkhvlv +Pdfh/ 4<<4/

Frfkudqh/ 4<<4/ Kd|dvkl/ Dowrqml dqg Nrwolnr�/ 4<<9, duh jhqhudoo| uhmhfwhg rq gdwd erwk ri lqgxvwuldol}hg dqg

ghyhorslqj frxqwulhv1 Oltxlglw| frqvwudlqwv +]hoghv/ 4<;<,/ qrqvhsdudelolw| +Eurzqlqj dqg Phjklu/ 4<<4/ Dwwdqdvlr

dqg Gdylv/ 4<<9, dqg rwkhu plvshfl�fdwlrq lvvxhv dv zhoo dv lqirupdwlrqdo dv|pphwulhv +Oljrq/ 4<<;, dqg olplwhg

frpplwphqw sureohpv +Frdwh dqg Udydoolrq/ 4<<6/ Oljrq/ Wkrpdv dqg Zruudoo/ 5334/ Dwwdqdvlr dqg Ulrv0Uxoo/ 5333,

kdyh ehhq lqwurgxfhg wr khos udwlrqdol}h wkh revhuyhg hpslulfdo idfwv1
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lq wkh xvh ri lqirupdo vrolgdulw| wudqvihuv dv d ulvn vkdulqj ghylfh dqg wkh uroh ri lqglylgxdo vdylqjv

dqg �qdqfldo lqwhuphgldwlrq1 Julpdug +4<<:, vwxglhg wkh ulvn vkdulqj zlwklq hwkqlf jurxsv lq F÷wh

g*Lyrluh1 Mdodq dqg Udydoolrq +4<<<, whvwhg wkh frqvxpswlrq ixoo lqvxudqfh dffruglqj wr zhdowk

jurxsv lq Fklqd vkrzlqj wkdw zhdowklhu jurxsv zhuh ehwwhu lqvxuhg1 Nrfkdu +4<<<, vkrzhg wkh uroh

ri oderu vxsso| uhvsrqvh wr lqfrph vkrfnv lq frqvxpswlrq vprrwklqj lq Lqgld1

Lq wkh suhvhqw sdshu/ diwhu �qglqj wkdw wkh zlwklq yloodjh frpsohwh pdunhwv k|srwkhvlv lv uhmhfwhg/

zh sursrvh wr whvw wkh frqmhfwxuh wkdw vrph nlqg ri lqvwlwxwlrqv pd| khos krxvhkrogv wr frpsohwh

pdunhwv1 Dfwxdoo|/ vkduhfursslqj lv dq djulfxowxudo ulvn vkdulqj lqvwlwxwlrq5/ zklfk kdv ehhq h{whq0

vlyho| vwxglhg lq ghyhorsphqw hfrqrplfv exw qhyhu ehhq frqvlghuhg lq wkh frqvxpswlrq vprrwklqj

olwhudwxuh1 Zh wu| wr �oo wklv jds ehwzhhq wkh olwhudwxuh rq djuduldq vwuxfwxuh dqg wkdw rq frq0

vxpswlrq lqvxudqfh e| whvwlqj wkh ixoo lqvxudqfh suhglfwlrqv dqg wkh frqmhfwxuh wkdw vkduhfursslqj

doorzv wr frpsohwh pdunhwv wdnlqj lqwr dffrxqw wkh khwhurjhqhlw| ri ulvn dyhuvlrq1 Vkduhfursslqj/

zklfk lv d frqwudfw ehwzhhq d odqgorug dqg d whqdqw vshfli|lqj wkdw odqg surgxfwlrq vkrxog eh

vkduhg ehwzhhq sduwlhv dffruglqj wr vrph �{hg udwh/ pd| doorz wr frpsohwh wkh pdunhw sruwirolr

ri krxvhkrogv e| surylglqj vwdwh frqwlqjhqw vhfxulwlhv wkdw qr rwkhu frpelqdwlrq ri rwkhu dydlodeoh

dqg dffhvvleoh frqwlqjhqw vhfxulwlhv zrxog eh deoh wr uhsolfdwh1

Zh dovr ghdo zlwk phwkrgrorjlfdo sureohpv ri whvwlqj wkh frpsohwh pdunhwv k|srwkhvlv1 Pruh

suhflvho|/ wkh frpsohwh pdunhwv k|srwkhvlv whvwv jhqhudoo| uho| rq vrph vwurqj krprjhqhlw| dv0

vxpswlrqv rq wkh suhihuhqfhv ri krxvhkrogv1 Zh doorz wkh xwlolw| ixqfwlrq ri krxvhkrogv wr ghshqg

rq krxvhkrog*v fkdudfwhulvwlfv e| sdudphwhul}lqj erwk wkh pdujlqdo xwlolw| dqg wkh uhodwlyh ulvn

dyhuvlrq +Eoxqghoo/ Eurzqlqj dqg Phjklu/ 4<<7 dqg Kd|dvkl/ Dowrqml/ Nrwolnr�/ 4<<9 xvh vlplodu

phwkrg e| sdudphwhul}lqj pdujlqdo xwlolw| rqo|,1 Xvxdo whvwv ri ixoo lqvxudqfh frqvlvw lq whvwlqj

li vrph lglrv|qfudwlf vkrfnv lq xhqfh wkh pdujlqdo xwlolw| ri frqvxpswlrq1 Wklv nlqg ri whvw duh

gluhfwlrqdo ehfdxvh wkh| whvw zkhwkhu krxvhkrogv duh ixoo| lqvxuhg djdlqvw vrph jlyhq vkrfnv e|

orrnlqj dw wkh h�hfw ri lglrv|qfudwlf vkrfnv rq pdujlqdo xwlolw| ri frqvxpswlrq1 Li wkhuh lv qr

vljql�fdqw h�hfw/ wkhq ixoo lqvxudqfh lv dffhswhg1 Krzhyhu/ wklv grhv qrw phdq wkdw ixoo lqvxudqfh

zrxog eh dffhswhg li whvwhg djdlqvw vrph rwkhu dowhuqdwlyh iru h{dpsoh djdlqvw vrph rwkhu lglrv|q0

fudwlf vkrfnv qrw revhuyhg lq wkh gdwd1 D vlpsoh lqihuhqfh phwkrg lv xvhg wr whvw wkh frpsohwh

pdunhwv k|srwkhvlv djdlqvw dq| gluhfwlrq1 D whvw ri ryhulghqwli|lqj uhvwulfwlrqv zlwk yduldeohv wkdw

duh wkhruhwlfdoo| ydolg lqvwuxphqwv xqghu wkh qxoo k|srwkhvlv surylghv d �qrq gluhfwlrqdo� whvw ri wkh

frpsohwh pdunhwv k|srwkhvlv1 Zlwk lqvwuxphqwdo yduldeohv whfkqltxhv/ zh hvwlpdwh wkh sdudphwhuv

5Wkh ulvn vkdulqj surshuwlhv ri vkduhfursslqj duh riwhq lqyrnhg lq wkh olwhudwxuh rq djulfxowxudo frqwudfwv1
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ri krxvhkrogv* suhihuhqfhv dqg whvw gl�huhqw dvvxpswlrqv rq wkh udqjh ri wkh frpsohwh pdunhwv

k|srwkhvlv1

Wkh uhvxowv fdq eh vxppdul}hg dv iroorzv1 Wkh khwhurjhqhlw| ri suhihuhqfhv lv lpsruwdqw dqg erwk

nlqgv ri hpslulfdo whvwv ghyhorshg vkrz wkdw ixoo lqvxudqfh lv uhmhfwhg1 Lq wkh Sdnlvwdq uhjlrqv

vwxglhg/ wkh vkduhfursslqj lqvwlwxwlrq khosv wr frpsohwh pdunhwv ehfdxvh krxvhkrogv deoh wr xvh

wklv frqwudfwxdo fkrlfh/ zklfk shuplwv wr vkduh surgxfwlrq ulvnv/ duh ehwwhu lqvxuhg djdlqvw lglrv|q0

fudwlf djulfxowxudo vkrfnv wkdq rwkhuv1 Lw vhhpv wkdw vkduhfursslqj surylghv d vwdwh frqwlqjhqw

vhfxulw| wkdw rwkhu dffhvvleoh pdunhwv gr qrw doorz wr uhsolfdwh1 Wklv hpslulfdo idfw vkrzv wkdw

djulfxowxudo frqwudfwv sod| dq lpsruwdqw uroh lq ulvn vkdulqj zkhq pdunhwv duh lqfrpsohwh dqg wkdw

lw vkrxog eh fduhg derxw iru srolf| uhirup ri lqvwlwxwlrqv lq uxudo ghyhorslqj duhdv1 Ilqdoo|/ wkdqnv

wr wkh hvwlpdwhg ulvn dyhuvlrq sdudphwhu/ zh gluhfwo| whvw wkh ulvn vkdulqj prwlyh iru vkduhfursslqj

suhglfwhg e| vwdqgdug Sulqflsdo0Djhqw wkhru|1 Zh �qg wkdw pruh ulvn dyhuvh djhqwv duh pruh olnho|

wr jhw vkduhfursslqj frqwudfwv wkdq �{hg uhqw frqwudfwv dqg zlwk d orzhu vkduh ri surgxfwlrq1

Wklv uhsuhvhqwv wkh �uvw gluhfw whvw wkdw ulvn dyhuvlrq +khuh lghqwl�hg wkdqnv wr wkh frqvxpswlrq

vprrwklqj ehkdylru, sod|v dq lpsruwdqw uroh lq wkh fkrlfh ri frqwudfwxdo irup1

Vhfwlrq 5 suhvhqwv wkh hfrqrphwulf prgho xvhg wr whvw wkh frpsohwh pdunhwv k|srwkhvlv1 Vhfwlrq

6 suhvhqwv wkh gdwd iurp Sdnlvwdq/ wkh uhvxowv ri hpslulfdo hvwlpdwlrq dqg whvwv dv zhoo dv wkh

lpsolfdwlrqv ri ulvn dyhuvlrq rq frqwudfw fkrlfh1 Vhfwlrq 7 frqfoxghv1
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Xqghu wkh frpsohwh pdunhwv k|srwkhvlv/ wkh pdujlqdo xwlolw| ri frqvxpswlrq lv htxdo wr wkh surgxfw

ri d krxvhkrog h�hfw dqg d wlph h�hfw +Gheuhx/ 4<8</ Duurz/ 4<97/ Dowxj dqg Ploohu/ 4<<4,1 Wkh

krxvhkrog idfwru lv d wlph lqyduldqw fkdudfwhulvwlf fruuhvsrqglqj wr wkh Odjudqjh pxowlsolhu ri wkh

lqwhuwhpsrudo exgjhw frqvwudlqw1 Wkh frpprq wlph h�hfw lv wkh Odjudqjh pxowlsolhu dvvrfldwhg wr

wkh djjuhjdwh uhvrxufh frqvwudlqw dw hdfk shulrg1 Vhyhudo phwkrgv fdq eh xvhg wr whvw wkh frpsohwh

pdunhwv k|srwkhvlv1 Wkh xvxdo whvwv jhqhudoo| fkhfn wkdw wkh pdujlqdo xwlolw| ri frqvxpswlrq ri

dq djhqw lv qrw d�hfwhg e| lglrv|qfudwlf vkrfnv exw rqo| e| djjuhjdwh vkrfnv1 Lw jhqhudoo| frqvlvwv

lq vkrzlqj wkdw wkh hyroxwlrq ri frqvxpswlrq +ru lwv orjdulwkp, lv ghwhuplqhg e| wkh djjuhjdwh

vkrfn xqghujrqh e| wkh hfrqrp| iru zklfk zh zdqw wr whvw wkh frpsohwh pdunhwv k|srwkhvlv +iru

h{dpsoh wkh yloodjh hfrqrp| dv lq Wrzqvhqg/ 4<<7, dqg qrw e| lglrv|qfudwlf vkrfnv xqghujrqh e|

wkh krxvhkrog dv iru h{dpsoh xqh{shfwhg lqfrph fkdqjhv1

Khuh/ zh sursrvh d phwkrg doorzlqj wr lghqwli| khwhurjhqhrxv suhihuhqfhv zkloh whvwlqj wkh
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frpsohwh pdunhwv k|srwkhvlv1 Lq sduwlfxodu zh wdnh lqwr dffrxqw wkh khwhurjhqhlw| ri djhqwv*

ulvn dyhuvlrq wkdw pd| kdyh eldvhg suhylrxv hfrqrphwulf vwxglhv1 Dvvxplqj huurqhrxvo| wkdw ulvn

dyhuvlrq lv krprjhqhrxv dprqj krxvhkrogv frxog dfwxdoo| ohdg wr dq dssduhqw h{fhvv vhqvlwlylw| ri

krxvhkrog frqvxpswlrq wr lglrv|qfudwlf vkrfnv li lglrv|qfudwlf vkrfnv duh fruuhodwhg zlwk djjuhjdwh

vkrfnv/ ehfdxvh ixoo lqvxudqfh wkhru| suhglfwv wkdw frqvxpswlrq fkdqjhv vkrxog eh pruh uhvsrqvlyh

wr djjuhjdwh vkrfnv iru ohvv ulvn dyhuvh wkdq iru pruh ulvn dyhuvh shrsoh1

5141 Ixoo Lqvxudqfh zlwk Khwhurjhqhrxv Suhihuhqfhv

Prvw ri wkh whvwv ri wkh frpsohwh pdunhwv k|srwkhvlv dvvxph krprjhqhlw| ri suhihuhqfhv zlwk

uhvshfw wr ulvn1 Vrph nlqg ri khwhurjhqhlw| lv vrphwlphv wdnhq lqwr dffrxqw e| sdudphwhul}lqj

wkh pdujlqdo xwlolw| ri frqvxpswlrq +Pdfh/ 4<<4/ Frfkudqh/ 4<<4, exw qhyhu lq wkh ghjuhh ri ulvn

dyhuvlrq1 Rqo| Wrzqvhqg +4<<7, surylghv d whvw ri ixoo lqvxudqfh zlwk ulvn dyhuvlrq khwhurjhqhlw|

xvlqj krxvhkrog ohyho wlph vhulhv/ exw wkh srzhu ri wkh whvw lv wkhq yhu| zhdn1 Ixoo lqvxudqfh

+vhh iru h{dpsoh Zlovrq/ 4<9;, suhglfwv wkdw krxvhkrog frqvxpswlrq pxvw eh d olqhdu ixqfwlrq ri

djjuhjdwh frqvxpswlrq zlwk d vorsh htxdo wr wkh udwlr ri krxvhkrog wr frppxqlw| dyhudjh devroxwh

ulvn wrohudqfh +wkh lqyhuvh ri devroxwh ulvn dyhuvlrq,1 Wrzqvhqg +4<<7, uhjuhvvhv krxvhkrog e|

krxvhkrog frqvxpswlrq rq djjuhjdwh frqvxpswlrq dw wkh yloodjh ohyho lqfoxglqj vxffhvvlyho| sur{|

yduldeohv iru krxvhkrog lglrv|qfudwlf vkrfnv whvwlqj li wkh frh!flhqw ri wkh lglrv|qfudwlf yduldeoh

lv htxdo wr }hur dqg li wkdw ri wkh djjuhjdwh frqvxpswlrq frh!flhqw lv htxdo wr rqh1 Exw wkh

srzhu ri wkhvh whvwv lv yhu| zhdn jlyhq wkh vkruw wlph glphqvlrq ri sdqho gdwd rq frqvxpswlrq

+43 shulrgv lq Wrzqvhqg/ 4<<7,1 Pruhryhu/ lq wkh fdvh zkhuh krxvhkrogv zrxog kdyh d frqvwdqw

devroxwh ulvn dyhuvlrq htxdo wr �� iru krxvhkrog l/ ixoo ulvn vkdulqj +frpsohwh pdunhwv, suhglfwv

wkdw wkh frh!flhqw ri djjuhjdwh frqvxpswlrq �� pxvw eh htxdo wr wkh udwlr ri krxvhkrog wr dyhudjh

devroxwh ulvn wrohudqfh l1h1 �� @
�*j�

�
�

S�

�'�
�
j�

zkhuh Q lv wkh vl}h ri wkh yloodjh1 Frqvhtxhqwo|/ wkh

uljkw zd| wr whvw wkh frpsohwh pdunhwv k|srwkhvlv zlwk wkhvh wlph vhulhv hvwlpdwhv lv qrw wr whvw

�� @ 4 +zklfk dprxqwv wr dvvxph krprjhqhlw|, exw udwkhu �
�

S�
�'� �� @ 4 l1h1 wkdw wkh dyhudjh ri

hvwlpdwhg frh!flhqwv vkrxog eh htxdo wr rqh1 Krzhyhu/ wklv whvw uhpdlqv zhdn dqg phdvxuhphqw

huuruv rq frqvxpswlrq zloo wxuq lw hyhq pruh xquholdeoh +Udydoolrq dqg Fkdxgkxul/ 4<<:,1

Dqrwkhu phwkrg ri whvwlqj wkh ixoo lqvxudqfh surshuw| xvhg e| Wrzqvhqg +4<<7, ru Pdfh +4<<4,

frqvlvwv lq lpsrvlqj krprjhqhlw| ri ulvn dyhuvlrq dprqj djhqwv1 Wkhq wkh sdqho gdwd fdq eh

ixoo| xvhg dqg wkh whvw frqvlvwv lq uhjuhvvlqj wkh �uvw gl�huhqfh ri krxvhkrog frqvxpswlrq +ru lwv

orjdulwkp, rq wkh lqfrph fkdqjh dqg wr whvw wkdw wkh lqfrph vkrfn grhv qrw d�hfw frqvxpswlrq

8



fkdqjh1 Wklv phwkrg lv ydolg xqghu wkh dvvxpswlrq wkdw doo djhqwv kdyh krprjhqhrxv ulvn dyhu0

vlrq1 Ehvlghv/ wkh phwkrg frqvlvwlqj lq xvlqj gxpp| yduldeohv wr sxujh wkh djjuhjdwh vkrfn h�hfw

rq frqvxpswlrq fkdqjh +Ghdwrq/ 4<<3, lqvwhdg ri vxewudfwlqj wkh dyhudjh frqvxpswlrq fkdqjh wr

wkh lqglylgxdo frqvxpswlrq fkdqjh +Julpdug/ 4<<:/ Mdodq dqg Udydoolrq/ 4<<<, doorzv wr dyrlg

wkh dwwhqxdwlrq eldv ri wkh lqfrph frh!flhqw lq wkh fdvh ri wkh dowhuqdwlyh k|srwkhvlv +lqfrpsohwh

pdunhwv k|srwkhvlv, zkhuh wklv frh!flhqw zrxog eh vwulfwo| srvlwlyh +Udydoolrq dqg Fkdxgkxul/

4<<:,1 Dfwxdoo|/ xqghu wkh qxoo k|srwkhvlv/ erwk phwkrgv ohdg wr frqvlvwhqw hvwlpdwruv exw xqghu

wkh dowhuqdwlyh wkh gl�huhqfh phwkrg lv eldvhg1 Frfkudqh +4<<4, whvwv wkh ixoo lqvxudqfh surs0

huw| zkloh lqwurgxflqj vrph xqrevhuyhg suhihuhqfh sdudphwhuv lq rughu wr wdnh lqwr dffrxqw wkh

khwhurjhqhlw| ri suhihuhqfhv1 Krzhyhu/ kh kdv wr gr yhu| vwurqj glvwulexwlrqdo dvvxpswlrqv derxw

wklv xqrevhuyhg khwhurjhqhlw| wkdw qhhg wr eh lqghshqghqw ri lglrv|qfudwlf vkrfnv vr wkdw lwv whvw

uhpdlqv ydolg1 Wkh frpsohwh pdunhwv k|srwkhvlv suhglfwv wkdw wkh pdujlqdo xwlolw| ri frqvxpswlrq

lqfuhdvhv dw wkh vdph udwh iru hdfk djhqw +Dowxj dqg Ploohu/ 4<<3,1 Zlwk lvrhodvwlf xwlolw| ixqfwlrqv/

hyhq li suhihuhqfhv duh khwhurjhqhrxv dqg xqrevhuyhg/ lw uhpdlqv wkdw dq lqfuhdvlqj ixqfwlrq ri wkh

pdujlqdo xwlolw| jurzwk udwh ghshqgv rqo| rq djjuhjdwh uhvrxufhv dqg qrw rq lglrv|qfudwlf vkrfnv1

Li lglrv|qfudwlf vkrfnv duh dvvxphg lqghshqghqw ri krxvhkrog suhihuhqfhv/ wkhq wkh| pxvw eh furvv

vhfwlrqdoo| lqghshqghqw ri wkh jurzwk udwh ri frqvxpswlrq +Frfkudqh/ 4<<4,1 Mdfre| dqg Vnrx�dv

+4<<;, xvh wklv phwkrg zklfk ghshqgv fuxfldoo| rq wkh dvvxpswlrq ri lqghshqghqfh ri suhihuhqfhv

dqg lglrv|qfudwlf vkrfnv +zklfk fdq eh fruuhodwhg li erwk fruuhodwhg wr ghprjudsklf fkdudfwhulvwlfv

iru h{dpsoh,1 Wkhq/ qr hpslulfdo whvwv ri ixoo lqvxudqfh wdnhv lqwr dffrxqw h{solflwo| wkh khwhur0

jhqhlw| ri ulvn dyhuvlrq1

Dvvxph wkdw wkh lqvwdqwdqhrxv xwlolw| ri frqvxpswlrq f iru krxvhkrog l dw wlph w lv ri wkh lvrhodvwlf

iroorzlqj irup6

�
|
x�| +f, @ h{s +� +h}�|,, f

�3wE5�|�

4� � +}�|,
+514,

zkhuh yhfwruv }�|> h}�| duh fkdudfwhulvwlfv ri krxvhkrog l dw wlph w dqg � wkh glvfrxqw idfwru +yhfwruv

}�|> h}�| fdq frqvlvw lq wkh vdph ru lq gl�huhqw yduldeohv/ wkhlu qrwdwlrqv duh glvwlqjxlvkhg lq wkh

hfrqrphwulf prgho ehfdxvh wkh| zloo qrw eh wuhdwhg lq wkh vdph pdqqhu e| wkh lqvwuxphqwdwlrq

phwkrg hyhq li wkh| fdq �qdoo| eh wkh vdph vhw ri yduldeohv lq wkh hpslulfdo dssolfdwlrq,1 Zh wkxv

6Wkh prvw suhydohqw sdudphwulf irupv xvhg duh wkh h{srqhqwldo +Frqvwdqw Devroxwh Ulvn Dyhuvlrq, dqg lvrhodvwlf

+Frqvwdqw Uhodwlyh Ulvn Dyhuvlrq, irupv1 Wkh fkrlfh ehwzhhq wkhvh wzr irupv fdq jlyh yhu| gl�huhqw uhvxowv +Pdfh/

4<<4,1 Lq wkh fdvh ri Pdfh +4<<4,/ lw vhhpv wkdw wkh rssrvlwh frqfoxvlrqv jlyhq e| FUUD ru FDUD ixqfwlrqv fdph

iurp phdvxuhphqw huuru sureohpv +Qhovrq/ 4<<7,1 Ilqdoo|/ lw kdv ehhq uhfhqwo| dujxhg wkdw ghfuhdvlqj devroxwh ulvn

dyhuvlrq pd| eh d ehwwhu dssur{lpdwlrq wr krxvhkrog suhihuhqfhv1 Rjdnl dqg ]kdqj/ 5334/ xvh xwlolw| ixqfwlrqv lq wkh

fodvv ri KDUD +K|shuerolf Devroxwh Ulvn Dyhuvlrq,1 Krzhyhu/ rxu vwudwhj| lv udwkhu wr doorz iru khwhurjhqhlw| ri ulvn

dyhuvlrq lq wkh fodvv ri FUUD ixqfwlrqv wkdq vshfli|lqj d xqltxh krprjhqhrxv KDUD ixqfwlrq iru hdfk krxvhkrog1
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dvvxph wkdw krxvhkrogv kdyh d frqvwdqw uhodwlyh ulvn dyhuvlrq +lq frqvxpswlrq ohyho iru d jlyhq

krxvhkrog, htxdo wr � +}�|, zklfk ghshqgv rq vrph fkdudfwhulvwlfv }�|1 Vlploduo|/ Eoxqghoo/ Eurzqlqj

dqg Phjklu +4<<7, dqg Kd|dvkl/ Dowrqml dqg Nrwolnr� +4<<9, sdudphwhul}hg pxowlsolfdwlyh idfwruv

ri pdujlqdo xwlolw| ri frqvxpswlrq zlwk revhuydeoh fkdudfwhulvwlfv +� +h}�|,, exw zhuh dvvxplqj wkdw
ulvn dyhuvlrq zdv krprjhqhrxv dfurvv krxvhkrogv ru lqglylgxdov1 Khqfh/ zh kdyh sdudphwhul}hg wkh

pdujlqdo xwlolw| ri frqvxpswlrq zlwk � +h}�|, dqg wkh uhodwlyh ulvn dyhuvlrq e| � +}�|,1

Wkh �uvw rughu frqglwlrq yhul�hg e| wkh pdujlqdo udwh ri vxevwlwxwlrq ri frqvxpswlrq ehwzhhq

shulrgv w dqg w. 4 lv wkhq7=

x
�

�|n� +f�|n�,

x
�

�| +f�|,
@ %�|n� +515,

zkhuh %�|n� lv d udqgrp yduldeoh zklfk glvwulexwlrq ghshqgv rq wkh dydlodelolw| ri frqwlqjhqw vhfxulw|

pdunhwv dqg ri wkhlu uhodwlyh sulfhv1 Jlyhq wkh dydlodelolw| dqg dffhvvlelolw| ri wkh pdunhwv wr wkh

krxvhkrog/ zh dvvxph wkdw wkh| rswlpdoo| vprrwk wkhlu frqvxpswlrq lq rughu wr pd{lpl}h wkhlu

h{shfwhg glvfrxqwhg olihwlph xwlolw|1 Wkh frqvxpswlrq vprrwklqj dfklhyhg e| wkhp pd| eh shuihfw

ru lpshuihfw ghshqglqj rq wkh frqwlqjhqw pdunhwv rq zklfk wkh| fdq h{fkdqjh1

Lq wkh iroorzlqj/ zh zloo pdnh pruh h{solflw wkh glvwulexwlrq surshuwlhv ri wkhvh udqgrp whupv

dffruglqj wr wkh dvvxpswlrqv pdgh frqfhuqlqj pdunhwv1 Xvlqj +514,/ wklv �uvw rughu frqglwlrq fdq

eh zulwwhq xqghu wkh orjdulwkplf irup

� +h}�|n�,� � +h}�|,� � +}�|n�, oq f�|n� . � +}�|, oq f�| @ oq %�|n� +516,

Wkh ixqfwlrq � +=, fdq eh lghqwl�hg rqo| xs wr d pxowlsolfdwlyh frqvwdqw1 Dvvxplqj wkdw wkh ixqfwlrqv

� +=, dqg � +=, duh olqhdu/ zh qrupdol}h � +=, e| zulwlqj

� +}�|, @ 4 . }�|� +517,

Wkh uhodwlyh ulvn dyhuvlrq ri krxvhkrog l dw w lv dvvxphg wr eh d ixqfwlrq ri revhuydeoh fkdudfwhulvwlfv

}�|1 Lw lv lqfuhdvlqj lq ixqfwlrq ri hohphqw }&�| ri yhfwru }�| li �& A 3 +zkhuh � @ +��> => �&> => �g,,1

Wkh krprjhqhlw| ri uhodwlyh ulvn dyhuvlrq dprqj djhqwv lv rewdlqhg zkhq � @ 31 Wkh ixqfwlrq

� +=, doorzv xv wr lqwurgxfh pxowlsolfdwlyh vkrfnv wr pdujlqdo xwlolw| ri frqvxpswlrq hyhqwxdoo|

ghshqglqj rq revhuydeoh fkdudfwhulvwlfv h}�|1 Wdnlqj d olqhdu dgglwlyh irup ehwzhhq dq xqrevhuydeoh

vkrfn ��| dqg wkh idfwru h}�|� ixqfwlrq ri revhuydeoh yduldeohv / zh zulwh

� +h}�|, @ h}�|�. ��| +518,

7 Lq doo wkh iroorzlqj ri wkh sdshu/ wkh gdwh |n � zloo eh wkh fxuuhqw shulrg1 Wkh odjjhg yduldeohv fruuhvsrqg wr

shulrgv | dqg wr |3 � iru wkh grxeoh odjjhg yduldeohv1

:



Wkh whup ��| doorzv wr fdswxuh xqrevhuyhg vshfl�f h�hfw pxowlsolfdwlyh wr pdujlqdo xwlolw| ri frq0

vxpswlrq iru h{pdsoh olnh lqglylgxdo yduldwlrqv lq wkh glvfrxqw idfwru1

Wkhq wkh �uvw rughu frqglwlrq ehfrphv

�oq f�|n� @ ^�}�|n� oq f�|n� . }�| oq f�|` � .�h}�|n��.���|n� � oq %�|n� +519,

ru htxlydohqwo|

�oq f�|n� @ ^�}�|n��oq f�|n� � oq f�|�}�|n�` � .�h}�|n��.���|n� � oq %�|n� +51:,

zkhuh � lv wkh �uvw gl�huhqfh rshudwru gh�qhg e| �[|n� @ [|n� �[|=

Dvvxph qrz wkdw frqvxpswlrq lv phdvxuhg zlwk huuru lqghshqghqwo| glvwulexwhg dfurvv krxvhkrogv

dqg shulrgv1 Zh revhuyh hf�| lqvwhdg ri wuxh frqvxpswlrq f�|=

oq hf�| @ oq f�| . x�| +51;,

Phdvxulqj frqvxpswlrq lv d gl!fxow wdvn lq dq| krxvhkrog vxuyh| dqg phdvxuhphqw huuruv duh

doprvw dozd|v suhvhqw1 Wdnlqj lqwr dffrxqw h{solflwo| phdvxuhphqw huuru/ wkh �uvw rughu frqglwlrq

lv

�oq hf�|n� @ ^�}�|n��oq hf�|n� � oq hf�|�}�|n�` � .�h}�|n��. y�|n� +51<,

zlwk8 y�|n� @ ���|n� � oq %�|n� . +4 . }�|n��,�x�|n� . x�|�}�|n��

Qrz/ zh jlyh suhflvho| wkh surshuwlhv ri udqgrp whupv %�|n� dffruglqj wr wkh k|srwkhvlv pdgh rq

pdunhw frpsohwhqhvv=

� Zlwklq dqg ehwzhhq yloodjhv frpsohwh pdunhwv= Xqghu wkh frpsohwh pdunhwv k|srwk0

hvlv/ wkh udqgrp whupv %�|n� duh djjuhjdwh whpsrudo vkrfnv= %�| @ %|1

� Zlwklq yloodjh frpsohwh pdunhwv= Xqghu wkh frpsohwh pdunhwv k|srwkhvlv lq hdfk yloodjh

y/ wkh udqgrp whupv %�|n� duh yloodjh0ohyho djjuhjdwh whpsrudo vkrfnv= %�| @ %
�
| 1

� Zlwklq yloodjh lqfrpsohwh pdunhwv= Li pdunhwv duh lqfrpsohwh zlwklq wkh yloodjh/ zh zulwh

oq %�|n� @ H| ^oq %�|n� m [�|`. ��|n� @ oq i +[�|,. ��|n� zkhuh ��|n� lv dq lqqrydwlrq ruwkrjrqdo

wr wkh h{shfwdwlrq ri oq %�|n� frqglwlrqdo rq lqirupdwlrq dw wlph w/ khqfh rq yduldeohv [�| +wkh

[�| lqfoxgh lq sduwlfxodu wkh yduldeohv ri frqvxpswlrq dqg oderu vxsso|,1

Zh pdnh wkh iroorzlqj dvvxpswlrq frqfhuqlqj wkh glvwxuedqfh whupv=

8
E� n w5�|n��{��|n� n w��|{5�|n� ' E� n w5�|�{��|n� n w��|n�{5�|n�

;



Dvvxpswlrq 4= Wkh phdvxuhphqw huuruv rq frqvxpswlrq x�| duh lqghshqghqw dqg lghqwlfdoo|

glvwulexwhg dfurvv krxvhkrogv dqg shulrgv1

Dvvxpswlrq 5= Frqglwlrqdo rq revhuydeoh krxvhkrog fkdudfwhulvwlfv }�|/ wkh xqrevhuydeoh suhi0

huhqfh vkrfnv ��| duh pduwlqjdohv lqghshqghqw dfurvv krxvhkrogv dqg lqghshqghqw ri phdvxuh0

phqw huuruv91

5151 Hvwlpdwlrq Phwkrg dqg Lqihuhqfh

Zh whvw wkh qxoo k|srwkhvlv ri ixoo lqvxudqfh e| whvwlqj wkh vwdwlvwlfdo surshuwlhv ri %�|n� lq htxdwlrq

+51<,1 Wkh xvxdo whvwv ri frpsohwh pdunhwv ru ixoo lqvxudqfh frqvlvw lq gluhfwlrqdo whvwv djdlqvw

suhflvh dowhuqdwlyhv1 Lq jhqhudo/ lw frqvlvwv lq whvwlqj wkh qxoo k|srwkhvlv djdlqvw wkh dowhuqdwlyh

wkdw wkh udqgrp whupv %�|n� ghshqg rq d krxvhkrog lglrv|qfudwlf vkrfn1 Iru h{dpsoh/ li d qhjd0

wlyh lqfrph vkrfn uhgxfhv krxvhkrog frqvxpswlrq gxulqj vrph shulrg/ lw phdqv wkdw pdunhwv duh

lqfrpsohwh ehfdxvh rwkhuzlvh vkrfnv vkrxog eh ixoo| lqvxuhg yld vrph lqvxudqfh pdunhwv1 Exw/

wkhvh whvwv duh gluhfwlrqdo dqg fdq rqo| uhmhfw wkh qxoo k|srwkhvlv lq vrph jlyhq gluhfwlrq1 Khuh/

dq ryhulghqwli|lqj uhvwulfwlrqv whvw ri wkh prgho +51<, doorzv wr shuirup d �qrq gluhfwlrqdo� whvw

ri wkh qxoo k|srwkhvlv ri frpsohwh pdunhwv1 Wklv whvw lv qrq0gluhfwlrqdo lq wkh vhqvh wkdw lw grhv

qrw whvw wkh prgho djdlqvw vrph nqrzq dowhuqdwlyh exw vlpso| whvwv wkh lqwhuqdo frqvlvwhqf| ri wkh

hvwlpdwhg prgho/ zklfk doorzv wr uhmhfw wkh prgho xqgluhfwlrqdoo| li wklv frqglwlrq lv qrw vdwlv�hg1

Wklv whvw kdv wkh dgydqwdjh wkdw lw qhhgv qrw d nqrzq whvwdeoh dowhuqdwlyh l1h1 gdwd doorzlqj wr

whvw wklv dowhuqdwlyh olhn lglrv|qfudwlf vkrfnv1 Li wkh qrq gluhfwlrqdo whvw grhv qrw uhmhfw wkh prgho/

lw pd| eh ehfdxvh lw lv qrw srzhuixo hqrxjk1 D gluhfwlrqdo whvw hyhqwxdoo| pruh srzhuixo frxog

shukdsv uhmhfw lw1

Zh wkhuhiruh xvh dovr gluhfwlrqdo whvwv doorzlqj lq sduwlfxodu wr hvwdeolvk dw ohdvw vrph gluhfwlrqv

wrzdugv zklfk ixoo lqvxudqfh lv uhmhfwhg:1 Lq wkh fdvh ri wkh zlwklq0yloodjh ixoo lqvxudqfh/ li udqgrp

whupv oq %�|n� frqwdlq d krxvhkrog vshfl�f lglrv|qfudwlf lqqrydwlrq wkhq wkh zlwklq0yloodjh frpsohwh

pdunhwv k|srwkhvlv lv uhmhfwhg ehfdxvh rwkhuzlvh wklv lqqrydwlrq lv }hur1 Frqvhtxhqwo|/ li zh kdyh

d yduldeoh $�|n� fruuhodwhg zlwk wkh lqqrydwlrq ��|n�/ vxfk wkdw ��|n� @ � ^$�|n� �H|$�|n�`/ zh wkhq

rqo| qhhg wr whvw wkdw � @ 3 lq wkh hvwlpdwlrq ri wkh iroorzlqj htxdwlrq=

�oq hf�|n� @ ^�}�|n��oq hf�|n� � oq hf�|�}�|n�` � . �$�|n� .�h}�|n��. hy�|n� +5143,

9
{#�|n� lv d pduwlqjdoh gl�huhqfh lpso|lqj wkdw {#�|n� lv lqghshqghqw ri {#�|1

: Lw lv zruwk qrwlqj wkdw wkh gluhfwlrqdo whvw lv qrw d ydolg hylghqfh zkhq wkh xqgluhfwlrqdo rqh uhmhfwhg wkh qxoo

k|srwkhvlv ehfdxvh wkhq lqvwuxphqwv duh qrw ydolg dqg wkhuhiruh wkh hvwlpdwhg frh!flhqw ri lglrv|qfudwlf vkrfn pd|

vx�hu dq hqgrjhqhlw| eldv1 Wkh gluhfwlrqdo whvw lv ydolg rqo| zkhqhyhu wkh xqgluhfwlrqdo rqh idlohg wr uhmhfw wkh qxoo

k|srwkhvlv zklfk lv krzhyhu vx!flhqw iru xv1

<



zlwk hy�|n� @ y�|n� � �$�|n� @ ���|n� . +4 . }�|n��,�x�|n� . x�|�}�|n�� � oq i +[�|, . ��|n� dqg

��|n� @ � ^$�|n� �H|$�|n�`1

Lqvwuxphqwdo yduldeohv hvwlpdwlrq=

Wr hvwlpdwh wkh htxdwlrq +51<, xqghu rqh ri wkh qxoo k|srwkhvlv/ zh lqfoxgh vrph wlph vshfl�f

gxpp| yduldeohv +lq wkh fdvh ri wkh frpsohwh pdunhwv k|srwkhvlv, ru vrph yloodjh0wlph gxpp|

yduldeohv +iru wkh zlwklq0yloodjh frpsohwh pdunhwv k|srwkhvlv,/ dqg xvh wkh wzr vwdjh ohdvw vtxduhv

lqvwuxphqwdo yduldeohv phwkrg ehfdxvh wkh uljkw kdqg vlgh yduldeohv ^}�|n��oq hf�|n� .�}�|n� oq hf�|`
duh hqgrjhqrxv1 Wkh fkrlfh ri lqvwuxphqwv lv yhu| lpsruwdqw1 Yhu| riwhq/ doo fxuuhqw dqg odjjhg

h{rjhqrxv yduldeohv l1h1 }�|n�/ }�|/ dqg dq| yduldeoh xqfruuhodwhg zlwk suhihuhqfh vkrfnv ru phdvxuh0

phqw huuruv dw wlph w/ w.4 +f�| dqg o�| wkhq fdqqrw eh lqvwuxphqwv/ exw wzr shulrgv odjjhg yduldeohv

fdq eh, duh xvhg dv lqvwuxphqwdo yduldeohv1 Krzhyhu/ wkh xvh ri d odujh qxpehu ri lqvwuxphqwdo

yduldeohv iuhtxhqwo| ohdgv wr d zhdn lqvwuxphqwv sureohp dqg wr eldvhg hvwlpdwruv +Erxqg/ Mdhjhu

dqg Ednhu/ 4<<8,1 Wr dyrlg wkh zhdn lqvwuxphqwv sureohp zklfk fdq vhqvleo| d�hfw wkh dv|pswrwlf

vl}h ri wkh ryhulghqwli|lqj uhvwulfwlrqv whvwv dqg eldv wkh lqvwuxphqwdo yduldeohv hvwlpdwruv lq �qlwh

vdpsohv +Exvh/ 4<<5/ Pdjgdolqrv/ 4<<7/ Erxqg/ Mdhjhu dqg Ednhu/ 4<<8/ Vwdljhu dqg Vwrfn/ 4<<:,/

zh uhvwulfw rxu vhw ri lqvwuxphqwdo yduldeohv wkdw vkrxog eh wkhruhwlfdoo| ydolg xqghu wkh qxoo k|0

srwkhvlv ri wkh prgho1 Frqvhtxhqwo|/ zh frpsxwh zklfk lqvwuxphqwv vkrxog eh wkh ehvw fruuhodwhg

wr hqgrjhqrxv yduldeohv1 Dsshqgl{ 816 vkrzv krz zh ghwhuplqh wkh vhw ri lqvwuxphqwdo yduldeohv

wkdw vkrxog kdyh wkh vwurqjhvw fruuhodwlrq zlwk wkh hqgrjhqrxv yduldeohv xqghu wkh qxoo k|srwkhvlv1

Wkh iroorzlqj lqvwuxphqwv duh wkhruhwlfdoo| ydolg xqghu wkh qxoo k|srwkhvlv ri frpsohwh pdunhwv=

�}�|n� oq f�|3� dqg }�|�h}�| � }�|n��
2h}�|n� wr zklfk zh fdq dgg �}�|n� +}�|n� . }�| � }�|3�, oq f�|3�

dqg }
2
�|n��

2h}�|n�� }
2
�|�h}�|1 Grlqj dq ryhulghqwli|lqj uhvwulfwlrqv whvw/ iru h{dpsoh zlwk wkh Vdujdq

vwdwlvwlf +Vdujdq/ 4<8;/ Gdylgvrq dqg PfNlqqrq/ 4<<6,/ zh jhw d whvw ri wklv qxoo k|srwkhvlv ri ixoo

lqvxudqfh +ri frxuvh zh vlpxowdqhrxvo| whvw iru wkh ruwkrjrqdolw| k|srwkhvlv pdgh iru suhihuhqfh

vkrfnv dqg phdvxuhphqw huuruv,1

Lq wklv hpslulfdo zrun/ lw lv fuxfldo wr frqwuro wkh lqvwuxphqwdo uhjuhvvlrqv lq rughu wr dyrlg iurp

wkh zhdn lqvwuxphqwv sureohp zklfk lv xqiruwxqdwho| uduho| vkrzq lq duwlfohv xvlqj wzr vwdjh ohdvw

vtxduhv zlwk d odujh vhw ri lqvwuxphqwv1 Zh uhsruw sduw ri wkh �uvw vwdjh lqvwuxphqwdo uhjuhvvlrqv

lq Dsshqgl{ 8171

Wkh hvwlpdwlrq ri +51<, xqghu wkh qxoo k|srwkhvlv ri zlwklq yloodjh frpsohwh pdunhwv qhfhvvlwdwhv

wkh lqfoxvlrq ri qxphurxv gxpp| yduldeohv rq wkh uljkw kdqg vlgh ri wkh htxdwlrq +yloodjh0wlph

gxpplhv iru wkh zlwklq0yloodjh ixoo lqvxudqfh whvw, exw wkhlu hvwlpdwhv zloo qrw eh suhvhqwhg lq

43



Wdeohv ri uhvxowv vlqfh wkh| gr qrw eulqj dq| lqwhusuhwdwlrq;1

Dw odvw/ zh uhpdun wkdw zkhq wkhuh duh phdvxuhphqw huuruv rq frqvxpswlrq/ wkh uhvlgxdov ri

htxdwlrq +51<, duh dxwrfruuhodwhg ehfdxvh fry+y�|n�> y�|, @ � +4 . }�|n��, +4 . }�|�, ydu+x�|,1 Lw lv

qhfhvvdu| wr wdnh wklv dxwrfruuhodwlrq lqwr dffrxqw lq rxu hvwlpdwlrq1

5161 Oderu Vxsso|

Xqwlo qrz/ zh kdyh frqvlghuhg wkdw frqvxpswlrq dqg ohlvxuh zhuh vhsdudeoh lq krxvhkrogv xwlolw|

ixqfwlrqv1 Dv wklv vshfl�fdwlrq dvvxpswlrq pd| qrw eh wuxh/ qrq0vhsdudelolw| ri frqvxpswlrq dqg

ohlvxuh fdq ohdg wr eldvhg hvwlpdwhv li zh qhjohfw wkh krxvhkrog ohlvxuh ghpdqg ru htxlydohqwo| lwv

oderu vxsso| +Eurzqlqj dqg Phjklu/ 4<<4,1 Lqfrph dqg krxuv ri oderu vxsso| duh reylrxvo| kljko|

fruuhodwhg1 Lw vhhpv wkhq lpsruwdqw wr wdnh lqwr dffrxqw krxvhkrog oderu vxsso| rwkhuzlvh lwv

rplvvlrq kdv vlplodu h�hfwv wr vrph xqrevhuyhg suhihuhqfh vkrfnv fruuhodwhg zlwk lqfrph eldvlqj

wkh lqfrph yduldeoh frh!flhqw lq rxu uhjuhvvlrqv1 Wdnlqj lqwr dffrxqw wkh qrq vhsdudelolw| ehwzhhq

frqvxpswlrq dqg ohlvxuh zh fdq dyrlg wklv sureohp surylghg wkdw rxu vshfl�fdwlrq lv fruuhfw1 Iru

frqvxpswlrq f dqg oderu vxsso| o/ zh zloo dvvxph wkdw wkh xwlolw| ri krxvhkrog l dw wlph w lv ri wkh

iroorzlqj irup

�
|
x�|+f> o, @ h{s+h}�|�, f�35�|w

4� }�|�
+4 . o,

3� +5144,

zkhuh � lv d suhihuhqfh sdudphwhu ri wkh krxvhkrog1

Wkh �uvw rughu frqglwlrq zlwk uhvshfw wr frqvxpswlrq uhpdlqv vlplodu< dqg wdnlqj orjdulwkpv zh

jhw=

�oq f�|n� @ �}�|n�� oq f�|n� . }�|� oq f�| � ��oq o�|n� .�h}�|n��.���|n� � oq %�|n� +5145,

ru htxlydohqwo|

�oq f�|n� @ �}�|n���oq f�|n� � oq f�|�}�|n�� � ��oq o�|n� .�h}�|n��.���|n� � oq %�|n� +5146,

�� ���� ��� �����
�� ����� �� ��������

6141 Vw|ol}hg Idfwv

Wkh gdwd frph iurp d vxuyh| frqgxfwhg e| LISUL +Lqwhuqdwlrqdo Irrg Srolf| Uhvhdufk Lqvwlwxwh, lq

Sdnlvwdq ehwzhhq 4<;9 dqg 4<;< +vhh Doghupdq dqg Jdufld/ 4<<6,1 Wkh vxuyh| frqvlvwv ri d vwudwl0

;Pruhryhu/ e| wkh Iulvfk0Zdxjk wkhruhp/ wkh uhjuhvvlrq +51<, zlwk gxpp| yduldeohv iru hdfk yloodjh dqg shulrg lv

h{dfwo| htxlydohqw wr wkh uhjuhvvlrq grqh e| uhsodflqj doo yduldeohv e| wkhlu lpdjh wkurxjk wkh surmhfwlrq rshudwru rq

wkh ruwkrjrqdo vsdfh jhqhudwhg e| wkh fruuhvsrqglqj gxpp| yduldeohv +wkh ghshqghqw/ h{sodqdwru| dqg lqvwuxphqwdo

yduldeohv,1 Wkh frh!flhqwv ri doo wkhvh gxpp| yduldeohv duh yhu| qxphurxv +79 yloodjhvf45 shulrgv uhvxowlqj diwhu

�uvw gl�huhqfhv lq 838 frh!flhqwv,1 Zh fdq wkhq wudqvirup wkh prgho dqg hvwlpdwh lw e| vxewudfwlqj wkh shulrg0yloodjh

dyhudjh zklfk lv htxlydohqw wr wkh xvh ri wkh zkroh vhw ri gxpp| yduldeohv1
<Wkh �uvw rughu frqglwlrq zlwk uhvshfw wr oderu vxsso| lv qrw xvhixo iru rxu whvwv1
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�hg udqgrp vdpsoh lqwhuylhzhg 45 wlphv ehjlqqlqj zlwk <5: krxvhkrogv iurp irxu glvwulfwv ri wkuhh

uhjlrqv +Dwwrfn dqg Idlvdodedg lq Sxqmde/ Edglq lq wkh Vlqg/ dqg Glu lq wkh Qruwk Zhvw Iurqwlhu

Surylqfh,1 Iru hdfk ri wkh irxu glvwulfwv/ wkh yloodjhv zhuh fkrvhq udqgrpo| iurp dq h{kdxvwlyh olvw

ri yloodjhv fodvvl�hg lq wkuhh vhwv dffruglqj wr wkhlu glvwdqfhv wr wzr pdunhwv +pdqglv,1 Lq hdfk

yloodjh/ krxvhkrogv zhuh udqgrpo| gudzq iurp dq h{kdxvwlyh olvw1 Wkh dwwulwlrq revhuyhg lq wkh

gdwd +<5: krxvhkrogv dw wkh ehjlqqlqj dqg rqo| ;;: dw wkh hqg, vhhpv wr frph iurp dgplqlvwudwlyh

dqg srolwlfdo sureohpv udwkhu wkdq iurp d vhoi vhohfwlrq ri krxvhkrogv +Doghupdq dqg Jdufld/ 4<<6,1

Zh frqvlghu wklv dwwulwlrq skhqrphqrq dv h{rjhqrxv1 Dowkrxjk wkh vdpsoh lv hqwluho| uxudo/ lw lv

qrw frpsohwho| djulfxowxudo/ zklfk kdv dq lq xhqfh rq wkh glvwulexwlrq dqg  xfwxdwlrqv ri lqfrphv1

Krzhyhu/ ri wkh <5: krxvhkrogv fkrvhq lq wkh �uvw shulrg/ rqo| 55 qhyhu kdg dq| djulfxowxudo lq0

frph gxulqj wkh vxuyh|1 Wkh dydlodeoh gdwd43 duh yhu| ulfk dqg frqwdlq lqirupdwlrq rq krxvhkrog

ghprjudsklf fkdudfwhulvwlfv/ rq lqfrphv glvdjjuhjdwhg lq qxphurxv vrxufhv/ rq lqglylgxdo oderu

vxssolhv/ rq hqgrzphqwv dqg rzqhg dvvhwv/ rq djuduldq vwuxfwxuh/ rq fursv dqg surgxfwlrqv/ rq

frqwudfwxdo uhodwlrqvklsv +vkduhfursslqj,1 Vrph ghvfulswlyh vwdwlvwlfv dsshdu lq Wdeoh 6141

Lqfrph vrxufhv duh zdjhv/ djulfxowxudo sur�wv/ uhqwv iurp surshuw| uljkwv/ shqvlrqv/ lqirupdo wudqv0

ihuv +iurp uhodwlyhv ru rwkhuv,1 Wkh h{shqglwxuhv dqg lqfrphv duh lq 4<;9 Uxshhv shu zhhn/ duhdv

Wdeoh 614= Ghvfulswlyh Vwdwlvwlfv
Ghvfulswlyh vwdwlvwlfv rq wkh ixoo vdpsoh +doo shulrgv,
Yduldeoh Dyhudjh Vwg Huu1 Rev1
Irrg frqvxpswlrq 4<:1< 48417 <<<3
Rwkhu qrq gxudeoh h{shqglwxuhv +khdwlqj/ 11, 7:16 4<914 <<<4
Wrwdo rzqhg odqg duhd +dfuhv, <175 541;4 433;6
Luuljdwhg odqg +dfuhv, 714< 44158 433;6
Qrq luuljdwhg odqg +dfuhv, 8157 4:13< 433;6
Uhqwhg lq odqg xqghu �{hg uhqw +dfuhv, 318; 61<6 433;6
Uhqwhg lq odqg xqghu vkduhfursslqj +dfuhv, 51:8 9136 433;6
Uhqwhg rxw odqg xqghu �{hg uhqw +dfuhv, 316; 61:4 433;6
Uhqwhg rxw odqg xqghu vkduhfursslqj +dfuhv, 61:5 47189 433;6
Krxvhkrog vl}h ;197 7156 <<;:
Qxpehu ri fkloguhq +?@48|hduv, 713; 51<4 <<;:
Zdjh lqfrph 4741< 5<;16 <<39
Shqvlrqv :318 78318 <<39
Djulfxowxudo sur�wv 43<159 43<819 <<39
Wudqvihuv 439 <:7 <<39
Wrwdo lqfrph +zlwkrxw wudqvihuv, 6541: 45<414 <<39
Vkduhfursslqj gxpp| yduldeoh +uhqwlqj lq, 3168 317: 433;6
Il{hg uhqw gxpp| yduldeoh +uhqwlqj lq, 313; 3159 433;6
Pdoh oderu +shuvrq-gd|2zhhn, 5195 7146 <;;<
Ihpdoh oderu +shuvrq-gd|2zhhn, 3186 41;< <;;8

duh lq dfuhv441 Fruuhodwlrqv ehwzhhq lqfrph vrxufhv iru wkh wrwdo vdpsoh vkrz wkdw wkhuh lv txlwh

olwwoh fryduldwlrq ehwzhhq wkhvh vrxufhv1 Dfwxdoo| wkh fruuhodwlrq frh!flhqw ehwzhhq djulfxowxudo

43Dsshqgl{ 814 surylghv pruh ghwdlov rq gdwd frqvwuxfwlrq1
44Xqlwv= 4 Sdnlvwdq Uxshh +4<;9, @ XV'313395/ 4 dfuh ' 73791;9 6
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sur�wv dqg zdjh lqfrph lv rqo| 031341 Wkh fruuhodwlrq frh!flhqw ehwzhhq djulfxowxudo sur�wv dqg

shqvlrqv dqg wudqvihuv uhfhlyhg lv 313; dqg lw lv 31:3 zlwk wrwdo lqfrph1 Wklv vkrxog doorz lqfrph

glyhuvl�fdwlrq/ exw doo krxvhkrogv gr qrw krog wklv pdunhw sruwirolr1 Lq sduwlfxodu/ wkh dyhudjh

vkduh ri hdfk lqfrph vrxufh lq wkh wrwdo lqfrph vkrz iru h{dpsoh wkdw odqgohvv krxvhkrogv kdyh d

pxfk pruh lpsruwdqw sduw ri wkhlu lqfrph iurp zdjhv1 Odqgohvv krxvhkrogv kdyh rq dyhudjh ;3(

ri wkhlu lqfrph iurp zdjhv zkhuhdv lw lv rqo| rqh wklug iru odqgrzqhuv1 Lq jhqhudo/ iru wkhvh uxudo

krxvhkrogv/ lqfrph yduldelolw| lv kljk ehfdxvh ri wkh Prqvrrq/ ri zhdwkhu yduldelolw| jhqhudwlqj

shulrgv ri gurxjkw/ dqg ri uhodwlyho| iuhtxhqw  rrglqj1 Ehvlghv/ wkh +svhxgr, frh!flhqwv ri yduld0

wlrq ri krxvhkrog lqfrph45 duh yhu| lpsruwdqw/ udqjlqj iurp 3164 wr 51:9/ zlwk d krxvhkrog dyhudjh

ri 31;9 +31;7 rq dyhudjh lq Sxqmde dqg Vlqg dqg 31<3 lq wkh Qruwk Zhvw Iurqwlhu Surylqfh,1 Rq wkh

frqwudu|/ wkh frh!flhqwv ri yduldwlrq ri krxvhkrog frqvxpswlrq duh pxfk orzhu/ udqjlqj iurp 3133<

wr 41<; zlwk dq dyhudjh ri 31731 Judsk BB vkrzv wkh frh!flhqwv ri yduldwlrq ri krxvhkrog lqfrph

udqnhg e| lqfuhdvlqj ydoxh dqg wkh fruuhvsrqglqj frh!flhqwv ri yduldwlrq ri frqvxpswlrq +irrg

dqg qrq gxudeoh h{shqglwxuhv,1 Zh revhuyh wkdw wkh srlqw hvwlpdwhv ri frh!flhqwv ri yduldwlrq iru

frqvxpswlrq duh pxfk pruh frqfhqwudwhg wrzdugv }hur wkdq wkdw ri lqfrph1 Rqo| 79 krxvhkrogv ri

<5: kdyh d frqvxpswlrq frh!flhqw ri yduldwlrq kljkhu wkdq wkdw ri lqfrph +<: lq wkh fdvh ri wrwdo

qrq gxudeoh h{shqglwxuhv,1 Dvvxplqj wkdw lqvwdqwdqhrxv xwlolw| lv vhsdudeoh ehwzhhq gxudeoh dqg

Coefficients of variation : Income and Consumption
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Iljxuh 614= Lqglylgxdo frh!flhqwv ri wlph yduldwlrq ri lqfrph dqg frqvxpswlrq

qrq gxudeoh jrrgv/ zh fdq hvwlpdwh wkh prgho xvlqj qrq gxudeoh h{shqglwxuhv dv rxu frqvxpswlrq

yduldeoh1 Lq wkh olwhudwxuh rq ixoo lqvxudqfh whvwv/ irrg frqvxpswlrq lv riwhq xvhg +Wrzqvhqg/ 4<<7/

45Wkh shu shulrg lqfrphv duh qhw ri surgxfwlrq lqsxw h{shqglwxuhv dqg wkhq fdq vrphwlphv eh qhjdwlyh1 Wkh

svhxgr frh!flhqw ri yduldwlrq ri +�| iru d krxvhkrog � lv frpsxwhg dv
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Pdfh/ 4<<4/ Frfkudqh/ 4<<4,1 Krzhyhu/ wkh wrwdo qrq gxudeoh h{shqglwxuhv vkrxog eh xvhg df0

fruglqj wr wkh wkhruhwlfdo prgho/ xqohvv irrg dqg qrq irrg qrq gxudeoh h{shqglwxuhv duh vhsdudeoh

+zklfk lv xqolnho|,1 Khqfh/ zh shuirup rxu whvwv zlwk erwk irrg dqg qrq gxudeoh h{shqglwxuhv1

Dw odvw/ zh kdyh wr wdnh lqwr dffrxqw wkh vhdvrqdolw| ri ehkdylru1 Sd{vrq +4<<6, kdv vkrzq

wkh lpsruwdqfh ri vhdvrqdolw| lq wkh fdvh ri Wkdlodqg gdwd1 Wkh sureohp zrxog eh ohvv vwulqjhqw

zlwk dqqxdo gdwd/ exw khuh wkh dyhudjh jds ehwzhhq lqwhuylhzv lv derxw irxu prqwkv1 Vhdvrqdolw|

lv d sulrul dq lpsruwdqw skhqrphqrq iru wkhvh uxudo krxvhkrogv iru fdohqgdu uhdvrqv olqnhg wr

djulfxowxudo dfwlylw| dqg uholjlrq +Lvodp,1 Wkh djulfxowxudo dfwlylw| lq Sdnlvwdq lv pdunhgo| d�hfwhg

e| wkh Prqvrrq/ jhqhudwlqj wzr sodqwdwlrq dqg kduyhvw vhdvrqv +Nkduli iru wkh prvw kxplg dqg

Udel iru wkh gulhvw,/ zklfk gdwhv ydu| zlwk uhjlrq dffruglqj wr odwlwxgh1 Iru wkh Sxqmde surylqfh/

wkh sodqwlqj shulrg ri wkh Udel vhdvrq lv lq Qryhpehu0Ghfhpehu/ dqg kduyhvwv duh lq pdufk0Dsulo1

Wkh sodqwdwlrq shulrg ri wkh Nkduli vhdvrq lv lq pd| dqg Mxo| dqg kduyhvwv duh lq Rfwrehu dqg

Ghfhpehu1 Zh kdyh wkhq wr wdnh lqwr dffrxqw wkhvh vhdvrqdo h�hfwv lq wkh ydulrxv vshfl�fdwlrqv

ehfdxvh wkh| d�hfw lqfrphv exw dovr pdun wkh uxudo olih zlwk vhyhudo fhoheudwlrqv +dv wkh oljkwv

ihdvw fdoohg glsdydol dw wkh hqg ri Rfwrehu dqg pdq| rwkhu rqhv, ru zlwk wkh vhdvrqdo  xfwxdwlrqv

ri iuhtxhqw sdwkrorjlhv +yludo glvhdvhv/ pdoduld dqg ohlvkpdqldvlv,1 Lq dgglwlrq wr wklv vhdvrqdo

vwuxfwxuh dqg e| vhyhudo fhoheudwlrqv iurp Klqgxv ruljlq/ vhdvrqv duh d�hfwhg e| wkh uholjlrxv Lvodplf

fdohqgdu1 Vhyhudo uhdvrqv mxvwli| wkhq wkh suhvhqfh ri vhdvrqdolw| lq ehkdylru dqg suhihuhqfhv ri

uxudo krxvhkrogv iurp Sdnlvwdq1

Wkh wrwdo srsxodwlrq ri wkh 79 yloodjhv ydu| ehwzhhq 533 dqg ;333 lqkdelwdqwv e| yloodjh zlwk dq

dyhudjh ri 4;4; dqg d phgldq ri 443;1 Wkh dyhudjh ghqvlw| ri wkh srsxodwlrq ri wkhvh yloodjhv lv

kljk zlwk 4145 lqkdelwdqwv shu dfuh46 l1h1 5:9 lqkdelwdqwv e| np2 zklfk lv kljkhu wkdq wkh Sdnlvwdq

dyhudjh ri 496 lqkdelwdqwv e| np
2 +Zruog Edqn/ 4<<:,1 Frqfhuqlqj wkh djuduldq vwuxfwxuh/ 94( ri

krxvhkrogv ri wklv vdpsoh rzq d sorw ri odqg1 Wkh dyhudjh duhd rzqhg lv <175 dfuhv ru dssur{lpdwho|

61; khfwduhv exw ohvv wkdq d kdoi ri wkhvh odqgv duh luuljdwhg1 Odqg uhqwdo frqwudfwv duh qxphurxv1

Vkduhfursslqj lv pruh xvhg wkdq �{hg uhqw frqwudfwv zlwk 67( ri krxvhkrogv ohdvlqj lq d sorw

ri odqg zlwk vkduhfursslqj djdlqvw ;( ohdvlqj dw �{hg uhqw1 Dprqj wkh odqgrzqlqj krxvhkrogv/

:( ohdvh doo ru d sduw ri wkhlu odqg dw �{hg uhqw dqg 6:( ohdvh doo ru d sduw ri wkhlu odqg e|

vkduhfursslqj1 Vkduhfursslqj frqwudfwv duh suhydohqw dqg fuxfldo lq wkh djuduldq vwuxfwxuh ri

wklv frxqwu|1 Pruhryhu/ wkh ulvn vkdulqj surshuwlhv ri vkduhfursslqj duh riwhq lqyrnhg1 Dfwxdoo|/

wkh surgxfwlrq ehlqj vkduhg ehwzhhq wkh odqgorug dqg wkh vkduhfursshu/ wkh| pxwxdoo| lqvxuh

464 dfuh ' 73791;9 6
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wkhpvhoyhv lq wklv uhodwlrqvkls1 Lw lv wkhq suredeoh wkdw wkhvh djulfxowxudo frqwudfwv sod| d vljql�fdqw

uroh lq wkh ulvn doorfdwlrq1 Lq wkh fdvh zkhuh pdunhwv zhuh lqfrpsohwh/ wklv lqvwlwxwlrq fdq doorz

wr lpsuryh wkh lqvxudqfh sruwirolr ri krxvhkrogv zklfk fdq eh whvwhg e| hydoxdwlqj wkh ghjuhh ri

ulvn vkdulqj rewdlqhg e| krxvhkrogv xvlqj wkhvh frqwudfwv1 Li wkh frpsohwh pdunhwv k|srwkhvlv lv

uhmhfwhg/ lw lv wkhq lqwhuhvwlqj wr whvw li vkduhfursslqj hqdeohv wr lpsuryh ulvn vkdulqj ru qrw1

6151 Hpslulfdo Whvwv ri Ixoo Lqvxudqfh

Wkdqnv wr wkhvh gdwd iurp Sdnlvwdq/ zh lpsohphqw wkh hpslulfdo whvwv sursrvhg suhylrxvo|1 Zh

dovr xvhg wkh phwkrg ri Wrzqvhqg +4<<7,1 Wkh Judsk 615 vkrzv wkh hvwlpdwhg frh!flhqwv iurp

krxvhkrog ohyho wlph vhulhv ri frqvxpswlrq rq dyhudjh frqvxpswlrq ri wkh yloodjh dqg lqglylgxdo

lqfrph1 Wkh k|srwkhvlv wkdw wklv frh!flhqw lv htxdo wr rqh lv dffhswhg iru :8( ri krxvhkrogv +zlwk

irrg frqvxpswlrq dqg :7( zlwk qrq gxudeoh h{shqglwxuhv, exw wkh srzhu ri wklv whvw lv uhodwlyho|

zhdn ehfdxvh wkh k|srwkhvlv wkdw wkh frh!flhqw lv iru h{dpsoh htxdo 318 zrxog dovr eh uduho|

uhmhfwhg1 Pruhryhu/ wkh k|srwkhvlv wkdw wkh lqfrph frh!flhqw lv htxdo wr }hur lv dovr uduho| uhmhfwhg

+rqo| :( ri krxvhkrogv lq wkh fdvh ri irrg frqvxpswlrq dqg 81<( iru qrq gxudeoh h{shqglwxuhv,1

Jlyhq wkh vwdqgdug huuruv dqg wkh phwkrg ri whvw/ wkh suredelolw| wr dffhsw d zurqj k|srwkhvlv

+w|sh LL huuru, lv kljk1 Wkh phwkrg xvhg lq wkh iroorzlqj surylghv pxfk pruh srzhu iru whvwlqj wkh

Food consumption Total non durable expenditures

Coefficients of village average log consumption in the household level time series
regressions of log-consumption on village average log consumption and income

Iljxuh 615= Frh!flhqwv rq krxvhkrog wlph vhulhv

zlwklq yloodjh ixoo lqvxudqfh surshuw| zlwkrxw ehlqj irufhg wr gr vwurqj krprjhqhlw| dvvxpswlrqv

rq suhihuhqfhv1

Wkh hpslulfdo whvwv frqvlvw ri hvwlpdwlqj htxdwlrqv +51<, dqg +5143, zlwk wkh lqvwuxphqwdo yduldeohv

wzr vwdjh ohdvw vtxduhv phwkrg ghvfulehg lq vhfwlrq 5151 Lq wklv hpslulfdo vwxg|/ zh vxffhvvlyho|

whvw wkh ixoo lqvxudqfh k|srwkhvlv iru doo krxvhkrogv dqg wkh zlwklq yloodjh ixoo lqvxudqfh1 Lq wkh
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suhylrxv vhfwlrq/ zh kdyh vhhq wkdw xqghu wkh qxoo k|srwkhvlv/ wkh lqvwuxphqwdo yduldeohv vhw iru

�}�|n��oq hf�|n� � oq hf�|�}�|n� duh �}�|n� oq f�|3� dqg }�|�h}�| � }�|n��
2h}�|n�1 Wklv vhw lv qrwhg ^4`

wr zklfk zh fdq dgg wkh lqvwuxphqwv �}�|n� +}�|n� . }�| � }�|3�, oq f�|3� dqg }
2
�|n��

2h}�|n� � }
2
�|�h}�|

gh�qlqj wkhq wkh lqvwuxphqwv vhw qrwhg ^5`1

Wkh lqvwuxphqwdo uhjuhvvlrqv lq dsshqgl{ 816 duh jlyhq iru wkh fdvh ri zlwklq yloodjh ixoo lqvxu0

dqfh zlwk ru zlwkrxw wkh lqfoxvlrq ri wkh lqfrph vkrfn1 Wklhu fruuhodwlrq zlwk hqgrjhqrxv yduldeohv

vkrz wkdw wkh lqvwuxphqwhg yduldeohv duh fruuhfwo| lghqwl�hg1 Wkhuhiruh/ wkh whvw ri ryhulghqwli|lqj

uhvwulfwlrqv jlyhq e| wkh Vdujdq vwdwlvwlf doorzv xv wr whvw wkh qxoo k|srwkhvlv ri ixoo lqvxudqfh vlqfh

wkhvh lqvwuxphqwv duh wkhruhwlfdoo| ydolg xqghu wkh qxoo k|srwkhvlv1 Wklv qrq gluhfwlrqdo whvw ri wkh

qxoo k|srwkhvlv lv lpsohphqwhg �uvw zlwk wkh dvvxpswlrq ri vhsdudelolw| ehwzhhq frqvxpswlrq dqg

ohlvxuh lq wkh xwlolw| ixqfwlrq dqg wkhq zlwk wkh qrq vhsdudeoh vshfl�fdwlrq +5144, doorzlqj wr wdnh

lqwr dffrxqw oderu vxsso|1 Zkhq oderu vxsso| lv xvhg lq wkh uhjuhvvlrqv/ wkh grxeo| odjjhg yduldeohv

iru pdoh dqg ihpdoh krxvhkrog oderu vxsso| duh lqwurgxfhg dprqj wkh lqvwuxphqwv= o6�|3�/ o
s
�|3�1 Vr

dv wr wdnh lqwr dffrxqw phdvxuhphqw huuruv lq lqfrph/ zh xvh wkh uhqwdo lqfrphv dv lqvwuxphqwv iru

djulfxowxudo ehqh�wv1 Wklv lqvwuxphqw dsshduv wr eh yhu| lqirupdwlyh ehfdxvh vx!flhqwo| fruuhodwhg

zlwk djulfxowxudo sur�wv +vhh lqvwuxphqwdo uhjuhvvlrq lq Wdeoh 816 ri Dsshqgl{ 816,/ zklfk hqdeohv

wr lghqwli| wkh sdudphwhu � ri djulfxowxudo sur�w zlwk pruh suhflvlrq ehfdxvh hvwlpdwlrqv zlwkrxw

lqvwuxphqwlqj duh eldvhg dqg yhu| lpsuhflvh1 Zkhq lqfrph lv qrw lqvwuxphqwhg/ wkh hvwlpdwhg

sdudphwhu e� lv pxfk forvhu wr }hur dqg lwv vwdqgdug huuru lv wzr wr irxu wlphv odujhu1

Iru wkh h{rjhqrxv fkdudfwhulvwlf yduldeohv ri krxvhkrogv }�|n� dqg h}�|n�/ zh fkrvh ghprjudsklf dqg
sdwulprqldo fkdudfwhulvwlfv +rzqhg odqg,1 Wkh hvwlpdwhv suhvhqwhg vkrz wkh fdvh zkhuh wkhvh ydul0

deohv duh krxvhkrog vl}h/ qxpehu ri fkloguhq lq krxvhkrog dqg luuljdwhg rzqhg odqg shu krxvhkrog

dgxow htxlydohqw471 Wklv vshfl�fdwlrq uhvxowv iurp d suholplqdu| uhvhdufk wkdw vkrzhg wkdw rwkhu

ghprjudsklf fkdudfwhulvwlfv ru wkh frpsrvlwlrq ri rzqhg odqg gr qrw eulqj dgglwlrqdo lqirupdwlrq

lq wkh uhjuhvvlrqv1

Ixoo Lqvxudqfh

Wdeoh 814 lq dsshqgl{ 815 vkrzv wkh uhvxowv ri hvwlpdwlrqv surylglqj wkh whvw ri frpsohwh pdunhwv1

Wkh whvwv ri ryhulghqwli|lqj uhvwulfwlrqv duh hdvlo| uhmhfwhg e| wkh Vdujdq vwdwlvwlf48/ uhmhfwlqj wkhq

47Zh xvh wkh gh�qlwlrq ri Wrzqvhqg +4<<7, iru wkh htxlydohqfh vfdohv +vhh ghwdlov lq dsshqgl{ 814, exw wkh uhvxowv

fkdqjh rqo| yhu| voljkwo| zkhq zh xvh rwkhu htxlydohqfh vfdohv ru vlpso| wkh krxvhkrog vl}h1
48Wkh vljq - phdqv d uhmhfwlrq ri wkh qxoo k|srwkhvlv dw wkh fulwlfdo ohyho ri 8(1 Wkh

8( fulwlfdo ohyhov ri �2 glvwulexwlrqv dffruglqj wr wkhlu ghjuhhv ri iuhhgrp duh wkh iroorzlqj=
& 4 5 6 7 8 9 : ; b �f �� �2 2�

�
2
138 61;7 81<< :1;4 <17< 4413: 4518< 4713: 48184 �S�b2 �H��� �b�S. 2��f� �2�S.
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wkh qxoo k|srwkhvlv ri ixoo lqvxudqfh ehwzhhq krxvhkrogv ri Sdnlvwdq1 Wklv uhvxow lv qrw yhu|

vxusulvlqj/ exw lw doorzv xv wr vkrz wkdw wkh srzhu ri wkh whvwv ri ryhulghqwli|lqj uhvwulfwlrqv lv

vx!flhqwo| kljk wr uhmhfw wkh frpsohwh pdunhwv k|srwkhvlv lq Sdnlvwdq1 Zh dovr nqrz wkdw zkhq

zh lqfuhdvh wkh qxpehu ri lqvwuxphqwv/ wkh sureohp ri zhdn lqvwuxphqwv ohdglqj wr srzhuohvv whvwv

ri vl}h }hur ehfrphv pruh olnho| +Erxqg/ Mdhjhu dqg Ednhu/ 4<<8/ Vwdljhu dqg Vwrfn/ 4<<:,1 Zh vhhn

wr dyrlg wklv sureohp dqg suhihu wr olplw wkh qxpehu ri lqvwuxphqwv dqg nhhs lqvwuxphqwv zklfk

ohyho ri vljql�fdqfh lq lqvwuxphqwdo uhjuhvvlrqv lv vx!flhqwo| kljk1 Ri frxuvh/ wkh fkrlfh ri wklv

plqlpxp dgplvvlelolw| ohyho iru lqvwuxphqwv lv duelwudu|/ exw rxu uhvxowv zlwk wkh vhw ri lqvwuxphqwv

^4` dqg ^5` duh uhodwlyho| urexvw frpsduhg wr wklv plqlpxp ohyho1 Dv vkrzq e| wkh uhvxowv ri Wdeoh

814/ ixoo lqvxudqfh lv dovr uhmhfwhg e| wkh gluhfwlrqdo whvwv whvwlqj wkh lglrv|qfudwlf lqfrph vkrfnv

kdyh dq h�hfw rq fkdqjhv ri pdujlqdo xwlolw| ri krxvhkrog frqvxpswlrq1

Zlwklq0yloodjh Ixoo Lqvxudqfh

Vlqfh joredo ixoo lqvxudqfh lv uhmhfwhg49/ zh fdq whvw wkh zlwklq yloodjh frpsohwh pdunhwv k|srwk0

hvlv1 Lw pd| kdsshq wkdw krxvhkrogv pdqdjh wr lqvxuh wkhpvhoyhv djdlqvw ulvnv zlwk eruurzlqj/

ohqglqj/ vrolgdulw| qhwzrunv/ fuhglw dqg rwkhu phfkdqlvpv zlwklq wkh yloodjh1 Wkh zlwklq yloodjh

frpsohwh pdunhwv k|srwkhvlv lv wkh xvxdo k|srwkhvlv whvwhg iru uxudo ghyhorslqj frxqwulhv zkhuh

hfrqrplf olih rffxuv prvwo| dw wkh yloodjh ohyho +Wrzqvhqg/ 4<<7, dqg ehfdxvh lw vhhpv d sulrul

pruh sodxvleoh wkdq wkh frpsohwh pdunhwv k|srwkhvlv dw d frxqwu| ohyho1

Wkh sdudphwhuv e� fruuhvsrqglqj wr vhdvrqdo gxpp| yduldeohv fdqqrw eh lghqwl�hg lq wklv fdvh

ehfdxvh wkh| duh devruehg e| wkh yloodjh0wlph �{hg h�hfwv qrw uhsruwhg lq Wdeoh 6151 Hyhq li zh

kdyh ehhq yhu| fdxwlrxv lq wkh fkrlfh ri lqvwuxphqwdo yduldeohv dqg dozd|v kdyh fkhfnhg wkdw wkh|

zhuh vx!flhqwo| lqirupdwlyh ehfdxvh ri wkh sureohp ri zhdn lqvwuxphqwv/ zh dozd|v glg wu| wr udlvh

wkh duelwudu| ohyho ri vljql�fdqfh uhtxluhg lq lqvwuxphqwdo uhjuhvvlrqv iru nhhslqj dq lqvwuxphqw1

Ri frxuvh/ zh orvh vrph lqvwuxphqwv exw wkh uhvxowv uhpdlqhg vlplodu zlwk uhvshfw wr rxu lqwhuhvw

+l1h1 wkh vljqv dqg vljql�fdqfh ri frh!flhqwv,1 Pruhryhu/ wkh frh!flhqwv zhuh qrw vljql�fdqwo|

gl�huhqw zkloh wkh plqlpxp ohyho uhtxluhg iru Vwxghqw vwdwlvwlfv zdv qrw pruh wkdq 5151 Zkhq

udlvlqj hyhq pruh wklv ohyho/ wkh hvwlpdwhg frh!flhqwv fkdqjh pruh dqg pruh exw wkh| uhpdlq qrw

vljql�fdqwo| gl�huhqw1 Zkhq frqwlqxlqj wr vhohfw wkh prvw lqirupdwlyh frh!flhqwv wr orrn dw wkh

urexvwqhvv ri lghqwl�fdwlrq/ zh �qdoo| glplqlvk gudvwlfdoo| wkh qxpehu ri ghjuhhv ri iuhhgrp dqg

wkh prgho ehfrphv xqghu0lghqwl�hg1 Wkh fkrlfh ri lqvwuxphqwv lv wkhuhiruh fuxfldo dqg qhhgv d

sduwlfxodu dwwhqwlrq wr Ilvkhu vwdwlvwlfv dqg fruuhodwlrqv hvwlpdwhg lq lqvwuxphqwdo uhjuhvvlrqv +wkh

49Zlwklq surylqfh ixoo lqvxudqfh kdv ehhq whvwhg dqg dovr uhmhfwhg lq wkh vdph pdqqhu olnh vkrzq lq Gxerlv +5333,1
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lqvwuxphqwdo uhjuhvvlrqv ri froxpq +8, ri Wdeoh 615 duh uhsruwhg lq 816,1

Wkh froxpqv +4, dqg +8, ri Wdeoh 615 vkrz wkh hvwlpdwlrq ri wkh prgho xqghu wkh qxoo k|srwkhvlv

dv zhoo dv wkh ryhulghqwli|lqj uhvwulfwlrqv whvwv +Vdujdq vwdwlvwlf, zklfk uhmhfw wkh zlwklq yloodjh

frpsohwh pdunhwv k|srwkhvlv1 Krzhyhu/ wkh hvwlpdwhg sdudphwhuv duh pxfk ohvv suhflvh lq wkdw

fdvh zkhq lqvwuxphqwv ^4` rqo| duh xvhg1 Lq wkh frqvxpswlrq ohlvxuh qrq vhsdudeoh fdvh +froxpqv

+5, dqg +9, ri Wdeoh 615,/ wkh ryhulghqwli|lqj uhvwulfwlrqv whvw lv qrw dozd|v uhmhfwhg1 Wklv qrq

gluhfwlrqdo whvw grhv qrw doorz wr uhmhfw wkh zlwklq yloodjh frpsohwh pdunhwv k|srwkhvlv1 Exw/ wkh

gluhfwlrqdo whvwv uhmhfw lw ehfdxvh djulfxowxudo lqfrph vkrfnv kdyh d vljql�fdqw h�hfw rq krxvhkrog

frqvxpswlrq fkdqjhv1

Wdeoh 615= Uhvxowv ri zlwklq yloodjh ixoo lqvxudqfh whvwv
Ghshqgdqw ydulde oh= {oqhf l w. 4

H{sodqdwru| yduldeohv +4, +5, +6, +7, +8, +9, +:, +;,
w= } lw. 4

Qxpehu ri fk loguhq 3 1387 31393 31375 3138: 31393 3 13:5 31385 3 1398
+4 177, +4183, +414:, +417;, +5138, +5 153, +4 1;9, +5 144,

Krxvhkrog vl}h 03134; 03 1355 03134< 03 1364 03136; 031375 03 136; 03 1377
+3 1:9, +31;6, +31;9, +4159, +514<, +5 158, +5 163, +5 176,

Luuljdwhg rzqhg odqg2dg1 ht 1 031345 03 1345 031346 03 1345 03135: 031357 03 1364 03 135:
+3 189, +318;, +31:3, +3196, +41;;, +4 186, +5 154, +4 1;9,

Vhdvrqdo gxpp lhv
4= Z lqwhu 031437 03 143< 031448 03 1466 031466 031474 03 1474 03 1484

+4 189, +418:, +41;9, +5136, +5187, +5 17:, +5 1;6, +5 1;3,
5= Udel kduyhvw 03135< 03 135; 031394 03 138; 0313:9 03139: 03 13<; 03 13<4

+3 166, +3164, +31:8, +31:3, +413;, +3 1;<, +4 184, +4 164,
6= Prqvrrq 03148< 03 147< 031498 03 1458 03149< 031475 03 14:8 03 1485

+5 153, +418;, +5177, +416<, +51<7, +5 155, +6 153, +5 184,
7= +uhihuhqfh,= Nkduli kduyhvw

k= h5l w. 4

Qxpehu ri fk loguhq 3 15<8 31659 31555 3163; 31654 3 16;: 315:; 3 1684
+4 175, +417;, +4146, +4178, +5133, +5 148, +4 1;3, +5 138,

Krxvhkrog vl}h 031385 03 13:< 031393 03 1466 0314:5 0314<9 03 14:7 03 1537
+3 16<, +3185, +317<, +31<7, +41:9, +4 1;5, +4 1;9, +5 133,

Luuljdwhg rzqhg odqg2dg1 ht 1 031387 03 1388 031397 03 138< 03145: 031443 03 1476 03 145;
+3 18;, +318<, +31:7, +319:, +41<5, +4 187, +5 15:, +4 1;<,

�

oi
l w. 4

= Ihpdoh ode ru 03 13:5 03 1639 031564 03 153<

+3148, +31:3, +4 185, +4 177,
op
lw. 4

= Pdoh ode ru 3137: 31474 3 13:6 3 13;8

+3163, +31<4, +3 19;, +3 1;5,
B= /l w. 4

Djulfxowxud o lqfrph 917: 43 08 9 194 43 08 7 177 43 08 7183 43 0 8

+5187, +5175, +5 15:, +5 144,
Lqvwuxphqwv ^4` ^4 ` ^4` ^4 ` ^5` ^5` ^5 ` ^5`

Lqvw1 ode ru vxsso| op
lw 0 4

/oi
l w 0 4

- - - -
Ghjuhhv r i iuhhgrp = & 6 6 6 6 45 45 45 45
Vdujdq vwdwlvw lf = �5 +& , 3 1558 3148: 41838 31;97 451;< ; 18: 47 1<3 431;4
Revhuydwlrqv ::73 ::64 ::73 ::64 ::73 ::64 ::73 ::64

Suhihuhqfhv

Wkh hvwlpdwhg sdudphwhuv � vkrz wkdw krxvhkrog ulvn dyhuvlrq lqfuhdvhv zlwk wkh qxpehu ri fkloguhq

dqg ghfuhdvhv zlwk rzqhg luuljdwhg odqg shu dgxow htxlydohqw1 Wkhvh hpslulfdo idfwv pd| phdq wkdw

zkhq wkh krxvhkrog lv odujhu/ wkh zlwklq krxvhkrog vrolgdulw| doorzv wkhp wr glyhuvli| wkhlu dfwlylwlhv

dqg ehwwhu lqvxuh wkhpvhoyhv1 Krzhyhu/ zh kdyh wr eh suxghqw zlwk wklv lqwhusuhwdwlrq ehfdxvh

d froohfwlyh krxvhkrog prgho zrxog eh pruh uhohydqw wkdq wkh xqlwdu| krxvhkrog prgho xvhg wr

h{sodlq wkdw d odujhu krxvhkrog fdq vkduh ulvn pruh h!flhqwo|1 Pruhryhu/ wkh qxpehu ri fkloguhq

zlwklq wkh krxvhkrog lqfuhdvhv ulvn dyhuvlrq zklfk fdq eh lqwhusuhwhg e| wkh idfw wkdw fkloguhq duh
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pruh vhqvlwlyh wr frqvxpswlrq yduldwlrqv iru h{dpsoh ehfdxvh ri sk|vlrorjlfdo ru phglfdo uhdvrqv1

Krxvhkrogv rzqlqj pruh odqg +shu dgxow htxlydohqw, duh ohvv ulvn dyhuvh zklfk fruuhvsrqgv wr wkh

xvxdo zhdowk lqwhusuhwdwlrq wkdw krxvhkrog ulvn dyhuvlrq ghfuhdvhv dv d ixqfwlrq ri rzqhg dvvhwv4:1

Wkh idfw wkdw krxvhkrog ulvn dyhuvlrq ghshqgv rq lwv fkdudfwhulvwlfv suredeo| phdqv lq lwvhoi wkdw

pdunhwv duh lqfrpsohwh xqohvv zh lqwhusuhw wklv dv lqglylgxdo fruuhodwhg khwhurjhqhlw| vxfk wkdw wkh

pruh ulvn dyhuvh lqglylgxdov kdyh pruh fkloguhq/ wkdw ohvv ulvn dyhuvh rqhv fuhdwh dqg uhpdlq lqwr

odujhu krxvhkrogv dqg wkdw ohvv ulvn dyhuvh rqhv duh dovr wkh zhdowklhu +lq whupv ri odqg rzqlqj,1

Wklv lqwhusuhwdwlrq li qrw lpsrvvleoh lv gl!fxow wr vxssruw1 Krzhyhu/ zh uhdfk khuh wkh olplwv ri

rxu hfrqrplf dqg hfrqrphwulf prgho ri xqlwdu| krxvhkrogv lq wkh dqdo|vlv ri ulvn vkdulqj1

Lq dgglwlrq/ wkh hvwlpdwhg sdudphwhuv iru vhdvrqdo gxpplhv vkrz wkdw krxvhkrogv duh pruh ulvn

dyhuvh gxulqj wkh Nkduli kduyhvw shulrg l1h1 diwhu wkh Prqvrrq1 Wklv shulrg lv wkh irxuwk wulphvwhu

ri wkh |hdu dqg lv wkh shulrg ri wkh pruh lpsruwdqw dqg ulvn| kduyhvw ri wkh |hdu1 Wklv vhdvrq dovr

fruuhvsrqgv wr wkh shulrg zkhuh qxphurxv wudglwlrqdo ihdvwv rffxu1 Lw vhhpv wkdw wklv shulrg lv d

fuxfldo rqh gxulqj wkh |hdu dqg kdv wkhq dq lq xhqfh rq krxvhkrog suhihuhqfhv wxuqlqj wkhp pruh

ulvn dyhuvh4;1

Wkh hvwlpdwlrq ri sdudphwhuv � vkrz wkdw wkh pdujlqdo xwlolw| ri frqvxpswlrq lqfuhdvhv zlwk

krxvhkrog vl}h dqg zlwk lwv zhdowk lq whupv ri rzqhg luuljdwhg odqg shu dgxow htxlydohqw1

Dw odvw lq wkh fdvh ri qrq vhsdudelolw| ehwzhhq frqvxpswlrq dqg ohlvxuh/ wkh oderu vxsso| sdudphwhuv

duh txlwh lpsuhflvho| hvwlpdwhg1 Wkh uhvxowv rq rwkhu frh!flhqwv ri lqwhuhvwv duh yhu| voljkwo|

prgl�hg1 Lw vhhpv iru lqvwdqfh wkdw vhsdudelolw| ehwzhhq frqvxpswlrq dqg ohlvxuh fdq eh dffhswhg

iru wkhvh uxudo krxvhkrogv ri Sdnlvwdq frqglwlrqdoo| wr wkh fkrvhq vshfl�fdwlrq wdnlqj lqwr dffrxqw

khwhurjhqhlw| lq suhihuhqfhv1

6161 Lqvxudqfh dqg Vkduhfursslqj

Wkh zlwklq yloodjh frpsohwh pdunhwv k|srwkhvlv ehlqj uhmhfwhg/ zh duh lqwhuhvwhg lq wkh glyhuvh

dowhuqdwlyhv zlwk uhvshfw wr wkh frqvxpswlrq vprrwklqj phfkdqlvpv lqyroyhg lq dq lqfrpsohwh

pdunhwv hqylurqphqw1 Mdodq dqg Udydoolrq +4<<<, vkrzhg wkdw zhdowklhu krxvhkrogv vxffhhg lq

lqvxulqj wkhpvhoyhv pxfk ehwwhu wkdq srru krxvhkrogv1 Wrzqvhqg +4<<7, vkrzhg wkdw odqgohvv

krxvhkrogv zhuh pxfk ohvv lqvxuhg wkdq odqgrzqhuv1

Wkh ulvn vkdulqj surshuwlhv ri vkduhfursslqj frqwudfwv duh riwhq lqyrnhg +Vwljolw}/ 4<:7/ Rwvxnd/

4:Wklv dujxphqw lv riwhq xvhg wr sur{| ulvn dyhuvlrq zlwk zhdowk olnh lq Dfnhuehuj dqg Erwwlflql +5334,1
4;Iru rwkhu shulrgv/ lw vhhpv wkdw gxulqj wkh Prqvrrq dqg zlqwhu/ krxvhkrogv duh d elw pruh ulvn dyhuvh wkdq

gxulqj wkh Udel kduyhvw/ exw wkh hvwlpdwhg frh!flhqwv duh qrw vljql�fdqwo| gl�huhqw1
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Fkxpd/ Kd|dpl/ 4<<5,1 Iru wkhvh uxudo krxvhkrog lq Sdnlvwdq/ vkduhfursslqj frqwudfwv duh uhod0

wlyho| iuhtxhqw1 Pruh wkdq 68( ri krxvhkrogv vxuyh|hg dfwxdoo| zhuh uhqwlqj lq vrph slhfh ri odqg

e| vkduhfursslqj1 Lw vhhpv lqwhuhvwlqj wr whvw li krxvhkrogv sduwlflsdwlqj lq vkduhfursslqj frqwudfwv

pdqdjh wr ehwwhu lqvxuh wkhpvhoyhv djdlqvw ulvn1 Zh zdqw wr whvw li wkh ulvn vkdulqj phfkdqlvp

surylghg e| vkduhfursslqj frqwudfwv doorzv wr frpsohwh dw ohdvw sduwldoo| wkh ulvn vkdulqj dqg lq0

vxudqfh pdunhwv ehfdxvh wkhuh pd| qrw h{lvw rwkhu lqvwlwxwlrq doorzlqj wr uhsolfdwh wkh pdunhw

sruwirolr dv wkh rqh jhqhudwhg e| d vkduhfursslqj frqwudfw1 Lq dgglwlrq/ wkh ulvn vkdulqj surshuwlhv

ri vkduhfursslqj kdyh qhyhu ehhq vwxglhg hpslulfdoo| lq wklv zd|/ qhlwkhu lq wkh frqwudfw olwhudwxuh/

qru lq wkh frqvxpswlrq vprrwklqj olwhudwxuh1 Ixoo lqvxudqfh lv joredoo| uhmhfwhg exw lw pd| eh

gl�huhqw iru vkduhfursshuv ru qrq vkduhfursshuv1 Wkh uhvxowv ri Wdeoh 616 vkrz wkdw vkduhfursshuv

duh ehwwhu surwhfwhg djdlqvw lqfrph vkrfnv4<1

Zh gr wkh vdph whvwv exw zlwkrxw frqvwudlqlqj wkh suhihuhqfh sdudphwhuv wr eh wkh vdph lq

wkh prgho iru vkduhfursshuv dqg qrq vkduhfursshuv1 Lqvwhdg ri ghfrpsrvlqj wkh h�hfw ri lqfrph

vkrfnv iru wkhvh wzr jurxsv zlwk d vkduhfursslqj gxpp|/ zh hvwlpdwh wkh prgho rq erwk jurxsv

vhsdudwho| +Wdeoh 617,1 Hdfk vshfl�fdwlrq lv �uvw hvwlpdwhg zlwk wkh lqvwuxphqwv vhw ^5` dqg wkhq

zlwk d vhohfwlrq ri wkh prvw lqirupdwlyh rqhv iurp wklv vhw1 Wklv lv wr wdnh fduh derxw d srvvleoh zhdn

lqvwuxphqwdwlrq sureohp wkdw zh vhhn wr dyrlg dqg frxog eh pruh sureohpdwlf zlwk wkh vpdoohu

vdpsoh vl}h ri wkhvh wzr jurxsv1 Wkh hvwlpdwlrqv vkrz wkdw wkh uhvxowv zlwk wkhvh wzr vhwv ri

lqvwuxphqwv duh frpsdudeoh1 Zh uhpdun wkdw wkh qrq gluhfwlrqdo whvwv gr qrw uhmhfw ixoo lqvxudqfh

iru wkh jurxs ri vkduhfursshuv exw wkdw gluhfwlrqdo whvwv pdgh zlwk djulfxowxudo sur�w vkrfn uhmhfw

lw zkdwhyhu wkh vshfl�fdwlrq fkrvhq +zlwk ru zlwkrxw frqvxpswlrq ohlvxuh vhsdudelolw|,1

Krzhyhu/ iru wkh vkduhfursshuv/ ixoo lqvxudqfh lv qrw uhmhfwhg/ qhlwkhu e| wkh qrq gluhfwlrqdo whvw/ qru

e| wkh gluhfwlrqdo whvw zlwk djulfxowxudo sur�w1 Iru wklv jurxs ri vkduhfursshuv/ wkh frqvxpswlrq

ohlvxuh vhsdudelolw| lv uhmhfwhg +vhh froxpq +:, ri Wdeoh 617, dowkrxjk wklv sduwlfxodu uhvxow vhhpv

qrw yhu| urexvw wr wkh qxpehu ri lqvwuxphqwv +froxpq +;, ri Wdeoh 617,1 Lq wkh hyhq qxpehuhg

froxpqv ri Wdeoh 617/ zh uhgxfhg wkh vhw ri lqvwuxphqwv nhhslqj rqo| wkh prvw lqirupdwlyh rqhv

+dffruglqj wr lqvwuxphqwdo uhjuhvvlrqv, lq rughu wr whvw li uhvxowv zhuh urexvw wr lqvwuxphqwdwlrq531

Lw vhhpv wkdw vkduhfursslqj lv dq lqvwlwxwlrq deoh wr frpsohwh pdunhwv zlwklq wkh yloodjh1 E|

wklv nlqg ri irupdo frqwudfw/ krxvhkrogv vhhp wr vxffhhg lq uhgxflqj vx!flhqwo| wkh djulfxowxudo ulvn

wr eh ixoo| lqvxuhg djdlqvw wkhvh lqfrph lglrv|qfudwlf vkrfnv1 Wkh qrq gluhfwlrqdo whvwv doorz wr vd|

4<Wkh qrwdwlrq Lbvkduhfursshu phdqv d gxpp| yduldeoh htxdo wr rqh li wkh krxvhkrog lv uhqwlqj lq vrph odqg zlwk

vkduhfursslqj dqg }hur rwkhuzlvh1
53Wdeoh 617 vkrzv wkh vshfl�fdwlrq zlwk oderu vxsso| dqg lqfrph vkrfn exw wkh uhvxowv duh vlplodu zlwk rwkhu

vshfl�fdwlrqv dqg fdq eh lqwhusuhwhg lq wkh vdph zd|1
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wkdw ixoo lqvxudqfh djdlqvw doo vkrfnv +qrw rqo| djulfxowxudo lqfrph, lv dffhswhg iru vkduhfursshuv1

Ri frxuvh lw grhv qrw phdq wkdw whvwv djdlqvw rwkhu gluhfwlrqv l1h1 lglrv|qfudwlf vkrfnv d�hfwlqj

krxvhkrogv zrxog jlyh wkh vdph uhvxowv1

Wdeoh 616= Zlwklq yloodjh ixoo lqvxudqfh whvwv iru vkduhfursshuv dqg qrq vkduhfursshuv
Ghshqgdqw ydulde oh = {oqhf lw. 4

H{sodqdwru| yduldeohv +4, +5, +6, +7, +8, +9, +:, +;,
w= } l w. 4

Qxpehu ri fkloguhq 31387 3 1393 3 1357 31366 31393 3 13:5 31368 3137;
+4177, +4 183, +3194, +3188, +5138, +5153, +4143, +4 174,

Krxvhkrog vl}h 03134; 031355 031349 03 1354 03 136; 031375 03135< 03 1368
+31:9, +3 1;6, +31:5, +3197, +514<, +5158, +4187, +4 1;3,

Luuljdwhg rzqhg odqg2dg1 ht 1 031345 031345 03134: 03 1349 03 135: 031357 03135; 03 135;
+3189, +3 18;, +31;;, +31;3, +41;;, +4186, +41;<, +4 1;7,

Vhdvrqdo gxpp lhv
4= Z lqwhu 031437 03143< 0313;6 03 13<9 03 1466 031474 031437 03 1454

+4189, +4 18:, +414<, +31<<, +5187, +517:, +41;6, +5 136,
5= Udel kduyhvw 03135< 03135; 03138; 03 1387 03 13:9 03139: 0313;3 03 13::

+3166, +3 164, +31:5, +319:, +413;, +31;<, +4145, +4 13;,
6= Prqvrrq 03148< 03147< 031485 03 1489 03 149< 031475 031496 03 148<

+5153, +4 18;, +5156, +417:, +51<7, +5155, +51:6, +5 18:,
7= +uhih uhqfh,= Nkduli kduyhvw

k= h5l w. 4

Qxpehu ri fkloguhq 315<8 3 1659 3 1449 314:3 31654 3 16;: 314:6 3157<
+4175, +4 17;, +3185, +3183, +5133, +5148, +31<;, +4 164,

Krxvhkrog vl}h 031385 0313:< 031376 03 13:8 03 14:5 0314<9 03144< 03 1489
+316<, +3 185, +3168, +3175, +41:9, +41;5, +4146, +4 174,

Luuljdwhg rzqhg odqg2dg1 ht 1 031387 031388 0313:; 03 13:< 03 145: 031443 031464 03 145;
+318;, +3 18<, +31;<, +31;7, +41<5, +4187, +41<3, +4 1;9,

�

oi
l w. 4

= Ihpdoh ode ru 0313:5 3133; 031564 03 13:9

+3 148, +3134, +4185, +3 175,
op
lw. 4

= Pdoh ode ru 3 137: 313<3 3 13:6 313;6

+3 163, +3183, +319;, +3 1:;,
B= /l w. 4

Djulfxowxudo lqfrph-+40Lbvkduhfursshu, 915: 43 0 8 9 196 43 08 8156 43 0 8 8 165 43 08

+517<, +5185, +5177, +5 169,

Djulfxowxudo lqfrph-+Lb vkduhfursshu, 06 149 43 07 051; 43 07 06 149 43 07 0518 43 0 7

+31:<, +3174, +419<, +4 146,
Lqvwuxphqwv ^4` ^4` ^4` ^4 ` ^5 ` ^5` ^5` ^5 `

Lqvw1 oderu vxsso| op
lw 0 4

/oi
l w 04

- - - -
Ghjuhhv ri iuhhgrp= & 6 6 5 5 45 45 44 44
Vdujdq vwdwlvw lf = �5 +& , 3155 3 149 3197 319: 45 1;< ;18: ;1<7 ; 197
Revhuydwlrqv ::73 ::64 ::73 ::64 ::73 ::64 ::73 ::64
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1

Wdeoh 617= Zlwklq yloodjh ixoo lqvxudqfh whvwv iru vkduhfursshuv dqg qrq vkduhfursshuv

Ghshqgdqw yduldeoh= {oqhf l w. 4 Vkduhfurss huv Qrq
H{sodqdwru| yduldeohv +4, +5, +6, +7, +8, +9, +:, +;, +<, +43, +44, +45,
w= } lw. 4

Qxpehu ri fk loguhq 3 1354 31365 31368 3 1358 31355 3137: 3 1356 313;: 3 139; 3 13:8 313<8 3 13<:
+31;3, +3 1;:, +3177, +3157, +3 1:8, +4159, +3 174, +3149, +41<7, +4 1;<, +514:, +5135,

Krxvhkrog vl}h 03139: 03 13<: 03143< 031437 03 13;9 0313<3 03143: 03 143 031386 03 1396 03 139; 0313:6
+7179, +7 17;, +516;, +5176, +7 17;, +7144, +6 137, +51;<, +5189, +5 1:5, +5196, +5198,

Luuljdwhg rzqhg odqg2dg1 ht 1 031468 03 1496 31348 0313:9 03 1493 03147: 031347 313;9 031357 03 1356 03 1346 031349
+41<5, +5 137, +313:, +3163, +5 134, +41;:, +3 13;, +3138, +41<:, +5 133, +31;9, +4138,

Vhdvrqdo gxpp lhv
4= Z lqwhu 0314;9 03 14;3 0317:; 0316;5 03 155: 0314;< 0316:: 03 166 0314:: 03 1477 03 147< 03146;

+7149, +6 193, +5187, +4197, +7 147, +614<, +5 1<7, +518<, +51;6, +5 163, +41;<, +41;<,
5= Udel kduyhvw 03156; 03 1533 031575 03154: 03 1579 031559 031579 03 158 03145; 03 13:9 03 146: 0313<<

+715;, +6 15<, +418;, +4184, +6 1<5, +61<4, +5 154, +5177, +418<, +3 1<8, +4167, +4134,
6= Prqvrrq 0314:8 03 13:< 0314:9 031456 03 144< 03146; 031457 03 147 031475 03 1439 03 1389 03138:

+617<, +4 166, +4163, +31<8, +4 1;<, +41<<, +4 145, +4169, +5137, +4 185, +318;, +3194,
7= +uhihuhqfh,= Nkduli kduyhvw

k= h5l w. 4

Qxpehu ri fk loguhq 3 1455 314<4 31643 3 1558 31478 31598 3 1548 3145 3 1698 3 16<; 3183: 3 184<
+31;8, +3 1<8, +31:5, +3177, +3 1<3, +4169, +3 19<, +3175, +41;8, +4 1;3, +513:, +41<7,

Krxvhkrog vl}h 03168 03 184: 031969 0318<6 03 1789 0317:8 031943 03 188 031598 03 1656 03 1677 0316:;
+7153, +7 167, +516;, +5173, +7 15:, +61;9, +6 133, +51;8, +5154, +5 174, +5164, +516;,

Luuljdwhg rzqhg odqg2dg1 ht 1 031:57 03 1;;9 31367 031768 03 1;;< 031;37 031486 03 1335 031445 03 1445 03 1393 0313:6
+513;, +5 157, +3136, +3166, +5 156, +5133, +3 14;, +3136, +5134, +5 13:, +31;3, +4135,

�

oi
l w. 4

= Ihpdoh ode ru 31634 3 14<; 3 153; 3168; 03 1888 031739

+31<8, +3166, +3 1;4, +31<3, +41:;, +413<,
op
lw. 4

= Pdoh ode ru 31;88 3 1934 3 17:3 31775 31476 3 144:

+41<<, +4138, +4 1<:, +31<;, +4153, +4135,

B= /l w. 4 417 43 07 8 1; 43 0 8 414 43 07 4 13 43 0 7

+4 1;8, +3186, +3 1:9, +316<,

Lqvw1 ode ru vxsso| op
lw 0 4

/oi
l w 0 4

- - - - - -

Ghjuhhv ri iuhhgrp = & 45 < 45 < 45 < 45 < 45 : 45 9

Vdujdq vwdwlvw lf = �5 +& , 8814- 74 14- 6 15 614 73 16- 5814- 4314 ; 14 49 1: <1: 9 1; 818
Revhuydwlrqv 5853 5853 584< 584< 5853 5853 584< 584< 7;47 7;47 7;39 7;3:
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6171 Whvwlqj wkh Lqvxudqfh Prwlyh iru Vkduhfursslqj ri Ulvn Dyhuvh Djhqwv

Wkh suhylrxv whvwv dqg hvwlpdwlrq kdyh vkrzq wkdw suhihuhqfhv duh khwhurjhqhrxv dprqj wkhvh uxudo

krxvhkrogv1 Zh vkrzhg wkdw lw lv lpsruwdqw wr wdnh lqwr dffrxqw wklv khwhurjhqhlw| zkhq whvwlqj

iru wkh frpsohwh pdunhwv k|srwkhvlv1 Wkh whvwv dovr suryhg wkdw vkduhfursslqj khosv frpsohwh

pdunhwv e| surylglqj d ulvn vkdulqj lqvwuxphqw hlwkhu ehfdxvh wklv nlqg ri frqwudfw prgl�hv wkh

frqvwudlqwv xsrq vrolgdulw| qhwzrunv shuiruplqj lqirupdo wudqvihuv dprqj wkhp ru gluhfwo| ehfdxvh

vkduhfursslqj lqfrph lv phfkdqlfdoo| ohvv yduldeoh wkdq lglrv|qfudwlf |lhogv wkdqnv wr wkh vkdulqj

ri kduyhvw ehwzhhq wkh odqgorug dqg wkh uhqwhu1 Krxvhkrogv kdylqj khwhurjhqrxv suhihuhqfhv duh

zloolqj wr ehdu gl�huhqw ohyhov ri frqvxpswlrq yrodwlolw|1 H!flhqf| uhtxluhv wkdw krxvhkrogv ehdu

pruh ulvn zkhwkhu wkh| duh ohvv ulvn dyhuvh dqg ohvv ulvn zkhwkhu wkh| duh pruh ulvn dyhuvh1 Vkduh0

fursslqj dsshduv wr eh d jrrg lqvwuxphqw lq vkdulqj ulvn1 Zh fdq zrqghu li vkduhfursshuv gl�hu

iurp rwkhu djulfxowxudo krxvhkrogv lq whupv ri suhihuhqfhv1 Wkh vwdqgdug Sulqflsdo0Djhqw wkhru|

ri vkduhfursslqj suhglfwv wkdw wkh frqwudfw fkrlfh zloo ghshqg rq wkh ulvn suhihuhqfhv ri wkh djhqw

+Vwljolw}/ 4<:7,1 Pruh ulvn dyhuvh djhqwv ehlqj pruh olnho| wr jhw d vkduhfursslqj frqwudfw wkdq d

�{hg uhqw frqwudfw wkrxjk wkh prudo kd}dug sureohp plolwdwhv iru pruh lqfhqwlyhv lq wkh wudgh0r�

zlwk ulvn vkdulqj1 Wkhuhiruh/ d vwurqj suhglfwlrq lv wkdw pruh ulvn dyhuvh krxvhkrogv duh pruh olnho|

wr rujdql}h wkhlu djulfxowxudo surgxfwlrq xvlqj vkduhfursslqj frqwudfwv wkdq rwkhuv1 Wklv suhglfwlrq

lv dozd|v suhvhqw lq wkh hpslulfdo frqwudfw fkrlfh olwhudwxuh zkhuh krxvhkrogv* fkdudfwhulvwlfv vxs0

srvhgo| dssur{lpdwlqj ulvn dyhuvlrq duh jhqhudoo| lqfoxghg wr vkrz wkdw vkduhfursslqj lv srvlwlyho|

fruuhodwhg zlwk fkdudfwhulvwlfv dvvxphg wr uhyhdo pruh ulvn dyhuvh suhihuhqfhv +olnh zhdowk ru vrph

krxvhkrog ghprjudsklf yduldeohv,1 Krzhyhu/ lw lv qhyhu fohdu li wkhvh nlqgv ri uhjuhvvlrqv lghqwli|

uhdoo| wkh krxvhkrogv suhihuhqfhv dqg wkh h�hfw ri ulvn dyhuvlrq rq frqwudfw �fkrlfh� ru dqrwkhu

h�hfw dovr olqnhg wr wkhvh sur{| yduldeohv1 Dfwxdoo| lw lv lq jhqhudo qrw hdv| wr lghqwli| ulvn dyhu0

vlrq1 Lq rxu vwxg| ri ulvn vkdulqj lq frqvxpswlrq/ zh duh qhyhuwkhohvv deoh wr hvwlpdwh suhihuhqfh

sdudphwhuv ri krxvhkrogv1 Dq lpsolfdwlrq lv wkdw zh fdq xvh wkhvh hvwlpdwhv ri suhihuhqfhv wr whvw

wkh suhglfwlrq rq wkh fkrlfh ri vkduhfursslqj1 Xvlqj wkh hvwlpdwhv ri wkh ulvn dyhuvlrq sdudphwhuv

��| +lq wkh iroorzlqj zh xvhg wkdw ri froxpq +;, lq Wdeoh 61654,/ zh jhw dq hvwlpdwh ri wkh frh!flhqw

ri uhodwlyh ulvn dyhuvlrq ri hdfk krxvhkrog ��| @ � +}�|,1 Ri frxuvh/ dv zh vdlg lq wkh suhylrxv vhfwlrq/

wklv ulvn dyhuvlrq sdudphwhu lv lghqwl�hg rqo| xs wr d vfdoh dqg orfdwlrq qrupdol}dwlrq1 Krzhyhu/

wklv qrupdol}dwlrq grhv qrw d�hfw wkh frpsdulvrq ri suhihuhqfhv dfurvv krxvhkrogv1 Zh fdq wkhq

54Wkh vdph uhvxowv zhuh irxqg zlwk wkh vshfl�fdwlrq ri froxpq +:, ri Wdeoh 616 zkhuh oderu vxsso| lv dvvxphg

vhsdudeoh iurp frqvxpswlrq lq wkh xwlolw| ixqfwlrq1
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surylgh dq ruljlqdo dqg gluhfw whvw ri wkh h�hfw ri suhihuhqfhv rq frqwudfw fkrlfh xvlqj wklv ulvn

dyhuvlrq hvwlpdwhv lq d glvfuhwh fkrlfh prgho ri vkduhfursslqj yhuvxv �{hg uhqw frqwudfwv +zklfk

lv wkh rwkhu zlghvsuhdg djulfxowxudo frqwudfw xvh glq ghyhorslqj frxqwulhv,1 Wkh Wdeoh 618 vkrzv

wkh uhvxowv ri hvwlpdwlqj d surelw htxdwlrq ri vkduhfursslqj yhuvxv �{hg uhqw dffruglqj wr vhyhudo

h{sodqdwru| yduldeohv xvxdoo| lqfoxghg lq wklv nlqg ri dqdo|vlv +olnh odqg rzqhuvkls dqg krxvhkrog

fkdudfwhulvwlfv/ dv zhoo dv qxphurxv yloodjh gxpp| yduldeohv qrw vkrzq lq wkh Wdeoh 618, dv zhoo

dv wkh ulvn dyhuvlrq sdudphwhuv surylghg e| wkh vwuxfwxudo hvwlpdwlrq ri suhihuhqfhv shuiruphg rq

frqvxpswlrq551 Lqwurgxflqj krxvhkrog ohyho udqgrp h�hfwv lq wkh surelw htxdwlrq +froxpq +5, ri

Wdeoh 618, zh �qg wkh vdph nlqg ri uhvxowv1 Dv wkh vkduh ri rxwsxw jlyhq wr wkh whqdqw e| wkh odqg0

orug dqg vshfl�hg lq wkh vkduhfursslqj frqwudfw lv dydlodeoh lq wkh gdwd/ zh fdq dovr whvw gluhfwo|

wkh suhglfwlrq wkdw wklv yduldeoh lv orzhu iru pruh ulvn dyhuvh whqdqwv1 Zlwk vkduh ri 4 iru d �{hg

uhqw frqwudfwv dqg wkh revhuyhg vkduhv ri vkduhfursslqj frqwudfw +ehwzhhq }hur dqg rqh/ exw prvwo|

htxdo wr 427/ 425/ 526 lq wkh gdwd,/ zh hvwlpdwh dq rughuhg surelw prgho lq froxpq +6, ri Wdeoh

618 zklfk vkrzv vlploduo| wkdw wkh pruh ulvn dyhuvh wkh orzhu wkh vkduh ri surgxfwlrq uhfhlyhg e|

wkh whqdqw1 Wkh hpslulfdo uhvxowv duh frqvlvwhqw zlwk wkh ulvn vkdulqj wkhru| ri frqwudfwxdo fkrlfh1

Wdeoh 618= Ghwhuplqdqwv ri frqwudfwxdo fkrlfh

Surelw Zlwk Qrq Sdudp1 Udqgrp H�hfw Rughuhg
Xqrev1 Khwhur1 Surelw Surelw

Ghshqghqw Yduldeoh Il{hg uhqw yv Il{hg uhqw yv Il{hg uhqw yv Glvfuhwh Rxwsxw
Vkduhfursslqj Vkduhfursslqj Vkduhfursslqj Vkduh

H{sodqdwru| yduldeohv +4, +4d, +5, +6,

Ulvn dyhuvlrq= e�lw 05149 +09194, 0619; +091<5, 07184 +08147, 04189 +07187,
Krxvhkrog vl}h 0313; +04139, 3139 +71;7, 03138< +05179, 313< +;187,
Vhdvrqdo gxpplhv
4= Zlqwhu 03156 +05166, 031:8 +071;6, 03188 +05177, 03159 +0516:,
5= Udel kduyhvw 0315: +0518:, 031;4 +0718<, 03195 +051;:, 03145 +04136,
6= Prqvrrq 03166 +06153, 031;5 +071<;, 031:7 +06154, 03167 +0613;,
7= +uhihuhqfh,= Nkduli kduyhvw
Lqwhufhsw 31<: +51<:, 51<< +61;9,
Xqrevhuyhg pdvv e�

4
0:168 +06197,

Xqrevhuyhg pdvv e�
5

618: +8194,
Suredelolw| e�4 +e�5 @ 4� e�4, 318< +4<174,
Orj0yduldqfh ri udqgrp h�hfwv 5177 +4916,
Dqfloodu| sdudphwhu 4 06144 +09154,
Dqfloodu| sdudphwhu 5 41<8 +61<7,
Yloodjh gxpplhv "5+67,@:<71< "5+6;,@56318 "5+76,@7851:
Glvwulfw gxpplhv "5+6,@581<
Orj olnholkrrg 0443917 0468<14 08941; 0<6816
Revhuydwlrqv 653< 6:73 6;;; 65;6

Wkh uhvxowv vkrz fohduo| wkdw ulvn dyhuvlrq khwhurjhqhlw| lv d vljql�fdqw ghwhuplqdqw ri vkduh0

fursslqj1 Pruh ulvn dyhuvh krxvhkrogv duh pruh olnho| wr eh vkduhfursshuv lqvwhdg ri uhqwhuv dqg

55D orjlw hvwlpdwlrq jdyh wkh vdph nlqg ri uhvxowv1
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wkh vkduh ri surgxfwlrq wkh| uhfhlyh lv orzhu zkhq wkh| duh pruh ulvn dyhuvh1 Zkloh lw lv vrphwlphv

dujxhg wkdw ulvn vkdulqj lv qrw dq lpsruwdqw lq wkh ghvljq ri djulfxowxudo frqwudfwv/ wklv uhvxow

vxssruwv fohduo| wkh lqvxudqfh prwlyh ehklqg wkh frqwudfwxdo irup xvhg lq wkhvh Sdnlvwdql duhd1

Krzhyhu/ dq hfrqrphwulf lvvxh qhhgv wr eh frqvlghuhg1 Dfwxdoo|/ lw pd| eh wkdw xqrevhuyhg khw0

hurjhqhlw| eldv wkhvh hvwlpdwhv li xqrevhuyhg idfwruv ghwhuplqh wkh fkrlfh ri vkduhfursslqj yhuvxv

�{hg uhqw frqwudfwv1 Wr dffrxqw iru wklv srvvlelolw| dqg whvw wkh urexvwqhvv ri wkh �uvw uhvxowv zh

hvwlpdwh wkh glvfuhwh fkrlfh prgho lqwurgxflqj glvfuhwh qrq sdudphwulf xqrevhuyhg khwhurjhqhlw| ã

od Khfnpdq dqg Vlqjhu +4<;7,1 Wkh olnholkrrg ixqfwlrq lv wkhq mxvw d �qlwh pl{wxuh ri surelw olnh0

olkrrg ixqfwlrqv1 Froxpq +4d, ri Wdeoh 618 vkrzv wkh uhvxowv zkhq hvwlpdwlqj wkh suredelolw| zlwk

wzr pdvv srlqwv ri xqrevhuyhg khwhurjhqhlw| qrwhg �� dqg �2 zlwk suredelolw| � dqg 4� �
561 Lq

frqfoxvlrq/ wkh hylghqfh wkdw vkduhfursslqj surylghv ulvn vkdulqj dqg pruh ulvn dyhuvh krxvhkrogv

suhihu wklv frqwudfwxdo irup ri rujdql}dwlrq udwkhu wkdq �{hg uhqw frqwudfwv vhhpv yhu| urexvw wr

vshfl�fdwlrq huuruv ri wkh elqdu| fkrlfh prgho1

�� ���
�	����

Lq wklv sdshu/ zh lpsohphqw vrph whvwv ri wkh frpsohwh pdunhwv k|srwkhvlv iru uxudo krxvhkrogv

ri Sdnlvwdq wkdqnv wr sdqho gdwd rq frqvxpswlrq dqg lqfrphv1 Lq rughu wr wdnh lqwr dffrxqw wkh

khwhurjhqhlw| ri suhihuhqfhv/ zh sdudphwhul}h krxvhkrog xwlolw| ixqfwlrqv zlwk revhuydeoh fkdudf0

whulvwlfv1 Xqghu wkh frpsohwh pdunhwv k|srwkhvlv/ wkh pdujlqdo xwlolw| ri frqvxpswlrq pxvw eh

htxdo wr wkh surgxfw ri d krxvhkrog vshfl�f h�hfw dqg d wlph h�hfw1 Zh vkrz krz wr hvwlpdwh wkh

suhihuhqfh sdudphwhuv xqghu wklv qxoo k|srwkhvlv zlwk dq lqvwuxphqwdo yduldeohv whfkqltxh1 Wkh

ryhulghqwli|lqj uhvwulfwlrqv whvw ri wkh wkhruhwlfdoo| ydolg lqvwuxphqwv xqghu wkh qxoo k|srwkhvlv sur0

ylgh d qrq0gluhfwlrqdo whvw ri wkh qxoo k|srwkhvlv1 Wkhvh qrq0gluhfwlrqdo whvwv uhmhfw wkh zlwklq dqg

ehwzhhq surylqfhv ixoo lqvxudqfh exw qrw wkh zlwklq yloodjh ixoo lqvxudqfh1 Zh wkhq xvh d gluhfwlrqdo

whvw zklfk uhmhfwv wkh zlwklq yloodjh frpsohwh pdunhwv k|srwkhvlv1 Wkh gluhfwlrqdo whvwv frqvlvw lq

whvwlqj li vrph lglrv|qfudwlf vkrfnv d�hfw wkh krxvhkrog pdujlqdo xwlolw| ri frqvxpswlrq1 Zh lpsoh0

phqw wklv whvw e| hvwlpdwlqj vlpxowdqhrxvo| wkh krxvhkrog suhihuhqfh sdudphwhuv doorzlqj iru ulvn

dyhuvlrq khwhurjhqhlw|1 Wkh frpsohwh pdunhwv k|srwkhvlv lv uhmhfwhg hyhq zlwklq wkh yloodjh wkrxjk

wkh lqirupdwlrqdo dv|pphwulhv dqg frpplwphqw sureohpv/ +zklfk frxog olplw wkh srvvlelolw| ri

56Zlwk wkuhh ru pruh pdvv srlqwv ri xqrevhuyhg khwhurjhqhlw|/ lw dsshduhg wkdw wkh dgglwlrqdo pdvv srlqwv zkhuh

lqvljql�fdqw1 Iru h{dpsoh zlwk wkuhh pdvv srlqwv/ zh irxqg e>� ' 3.�Dc e>2 ' ��2c e>� ' ���c eZ� ' f�Sec eZ2 ' f��2c +dqgeZ� ' �3 eZ� 3 eZ2, dqg pruhryhu wkh uhvxowv ri pdlq lqwhuhvw uhodwhg wr wkh ulvn dyhuvlrq sdudphwhu uhpdlqhg vlplodu

+erwk iru wkh frh!flhqw hvwlpdwhv dqg iru lwv vwdqgdug huuru,1 Zlwk odujhu qxpehu ri pdvv srlqwv rq xqrevhuyhg

khwhurjhqhlw|/ wkh hvwlpdwlrq surfhgxuh qhyhu frqyhujhg dqg zh zhuh irufhg qrw wr sxvk wrr idu wklv fkhfn iru

urexvwqhvv1
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lqirupdo lqvxudqfh, duh xvxdoo| frqvlghuhg ohvv lpsruwdqw dw wkh yloodjh ohyho1 Zh wkhq dqdo|}h wkh

srvvlelolw| wkdw vkduhfursslqj/ d irupdo frqwudfw surylglqj vrph ulvn vkdulqj ehwzhhq d odqgorug

dqg d vkduhfursshu/ frpsohwhv pdunhwv1 Wkh hpslulfdo uhvxowv vxjjhvw wkdw krxvhkrogv sduwlflsdwlqj

lq wkhvh vkduhfursslqj frqwudfwv pdqdjh wr ehwwhu lqvxuh wkhpvhoyhv djdlqvw djulfxowxudo lqfrph

ulvn1 Wkhvh uhvxowv vkrz wkdw irupdo dqg lqirupdo lqvwlwxwlrqv doorzlqj krxvhkrogv wr vkduh ulvn duh

olqnhg1 Vlqfh wkh frpsohwh pdunhwv k|srwkhvlv lv dffhswhg iru wkh jurxs ri vkduhfursshuv dqg qrw

iru rwkhuv/ lw phdqv wkdw hlwkhu vkduhfursslqj lqgluhfwo| lpsuryhv wkh ixqfwlrqlqj ri ulvn vkdulqj

lqirupdo phfkdqlvpv iru wkrvh sduwlflsdwlqj wr vkduhfursslqj ru lw gluhfwo| jhqhudwhv vrph vwdwh

frqwlqjhqw vhfxulw| lpsrvvleoh wr uhsolfdwh zlwk rwkhu dydlodeoh vhfxulwlhv1 Lq erwk fdvhv/ zh fdq

vd| wkdw vkduhfursslqj gr frpsohwh pdunhwv lq wkhvh uxudo duhdv ri Sdnlvwdq571

Ilqdoo|/ wkh vwuxfwxudo hvwlpdwhv ri suhihuhqfh sdudphwhuv dqg lq sduwlfxodu ri wkh uhodwlyh ulvn dyhu0

vlrq sdudphwhu doorz wr whvw gluhfwo| wkh lpsruwdqfh ri ulvn dyhuvlrq lq frqwudfwxdo fkrlfhv zklfk

lv fhqwudo lq Sulqflsdo0Djhqw prghov ri vkduhfursslqj +Fkldssrul dqg Vdodqlì/ 5334,1 Pruhryhu/

wkh hpslulfdo uhohydqfh ri wklv ulvn vkdulqj prwlyh kdv ehhq frqwuryhuvldo1 Khuh/ wkh uhvxowv vkrz

wkdw ulvn dyhuvlrq sod|v dfwxdoo| dq lpsruwdqw uroh lq ghwhuplqlqj wkh irup ri frqwudfwv dqg duh

frqvlvwhqw zlwk wkh vdnh ri ulvn vkdulqj lq wkh fkrlfh ri vkduhfursslqj udwkhu wkdq �{hg uhqw1

�� ������� 

8141 Gdwd Frqvwuxfwlrq

Wkh gdwd surylghg e| LISUL frqvlvw lq d vdpsoh ri <5: krxvhkrogv +lq �uvw urxqg, lqwhuylhzhg

45 wlphv ehwzhhq 4<;9 dqg 4<;<1 Wr jhw wkh yduldeohv ri lqwhuhvw iru wklv vwxg|/ zh kdyh kdg wr

frqvwuxfw vrph ri wkhp iurp wkh gl�huhqw dydlodeoh gdwd �ohv1 Iluvw/ wkh krxvhkrog ghprjudsklf

yduldeohv zhuh rewdlqhg hdvlo| zlwk wkh lqglylgxdo gdwd dydlodeoh1 Krxvhkrog irrg frqvxpswlrq zdv

lqlwldoo| dydlodeoh iru hdfk jrrg lq txdqwlw| dqg ydoxh ru txdqwlw| zlwk sulfh1 Irrg frqvxpswlrq

frqvlvwv lq irrg h{shqglwxuhv iru doo phpehuv ri wkh krxvhkrog iru phdov dw krph lqfoxglqj wkh

rzqhg surgxfwlrq frqvxphg/ wkh h{shqglwxuhv iru phdov wdnhq rxwvlgh exw qrw wkh ydoxh ri rxwvlgh

phdov gxh wr lqylwdwlrq ru uhzdugv lq nlqg ehfdxvh wkh| zhuh qrw dydlodeoh1 Wkh qrq gxudeoh

qrq irrg h{shqglwxuhv fruuhvsrqg pdlqo| wr khdwlqj h{shqglwxuhv1 Rwkhu h{shqglwxuhv duh wudyho

h{shqglwxuhv/ hgxfdwlrq/ hqwhuwdlqphqw +yhu| ihz,/ khdowk/ k|jlhqh/ forwkhv dqg wredffr/ hohfwulflw|

dqg jdv zklfk zhuh plvvlqj lq wkh vdpsoh iru vhyhudo shulrgv1

Zlwk uhvshfw wr lqfrphv/ wkh djulfxowxudo lqfrphv fruuhvsrqg wr fdvk lqfrph iurp doo krxvhkrog

57Prghoolqj irupdo dqg lqirupdo frqwudfwv wkxv vhhpv dq lqwhuhvwlqj lvvxh vxjjhvwhg e| wkhvh uhvxowv dqg irupdoo|

vwxglhg e| Gxerlv/ Mxoolhq dqg Pdjqdf +5334,1
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djulfxowxudo surgxfwlrqv/ iurp plon surgxfwv/ iurp dqlpdo srxowu| dqg olyhvwrfn surgxfwlrq/ qhw ri

wrwdo djulfxowxudo lqsxw h{shqglwxuhv lqfoxglqj zdjh frvwv/ ihhglqj frvwv ri surgxfwlyh dqlpdov/ dqg

doo rwkhu djulfxowxudo lqsxwv olnh ihuwlol}huv dqg shvwlflghv1 Ilqdoo|/ zh dgg doo kdqglfudiw lqfrphv wr

wklv djulfxowxudo lqfrph1 Wkh zdjh lqfrph fruuhvsrqgv wr zdjhv uhfhlyhg e| krxvhkrog phpehuv

ru gl�huhqw djulfxowxudo dqg qrq djulfxowxudo wdvnv grqh rxwvlgh wkh idup zkhq wkh krxvhkrogv

rshudwhv rqh1 Wkh uhqwdo lqfrphv fruuhvsrqg wr surshuw| uljkwv uhqwv/ �{hg shqvlrqv uhjxoduo|

uhfhlyhg iurp wkh jryhuqphqw dqg uhqwdov ri gl�huhqw surgxfwlyh dvvhwv1 Wudqvihuv fruuhvsrqg wr

wudqvihuv uhfhlyhg iurp uhodwlyhv/ iulhqgv dqg iurp vrolgdulw| ixqgv ri orfdo prvtxhv +}dndw,1

Wkh htxlydohqfh vfdohv frplqj iurp dq Lqgldq qxwulwlrqdo vwxg| +vhh Wrzqvhqg/ 4<<7, duh frpsxwhg

dv iroorzv= wkh zhljkwv ghshqg rq jhqghu dqg djh= 4 iru pdoh dgxowv/ 31< iru ihpdoh dgxowv/ 31<7

dqg 31;6 uhvshfwlyho| iru pdohv dqg ihpdohv ehwzhhq 46 dqg 4; / 319: iru fkloguhq ehwzhhq : dqg

45/ 3185 iru fkloguhq ehwzhhq 7 dqg 9/ 3165 ehwzhhq 4 dqg 6 dqg 3138 iru edelhv ri ohvv wkdq d |hdu1

8151 Ixoo Lqvxudqfh Whvwv

Wdeoh 814= Uhvxowv ri zlwklq dqg ehwzhhq yloodjh ixoo lqvxudqfh whvwv
Ghs hqghqw ydulde oh = {oqhf l w. 4

H{sodqdwru| ydulde ohv +4, +5, +6, +7, +8, +9, +:, +;,
w= } l w. 4

Qxpehu ri fkloguhq 3 13;6 313:: 3 139: 31395 3 13<3 3 13;7 3 13:; 313:8
+5 1;9, +5196, +5 155, +5136, +6 19<, +6 17;, +6 146, +5 1<;,

Krxvhkrog vl}h 03 1393 03 1393 031385 031385 0313:6 03 13:8 03139; 03 13:3
+6 189, +6169, +5 1<:, +51;4, +8 149, +8 169, +7 19;, +7 1;:,

Luuljdwhg rzqhg odqg12dg 1 ht 1 03 134: 03 1353 031348 03134; 03135< 03 135; 031365 03 1363
+4 137, +4159, +3 1<6, +4143, +5 167, +5 174, +5 186, +5 187,

Vhdvrqdo gxpplhv
4 = Z lqwhu 03 13:6 03 13;; 0313:3 0313;5 0313:; 03 13<4 0313:8 03 13;:

+6 14<, +51<5, +5 1<;, +519:, +6 1;<, +7 139, +6 1:4, +6 1;7,
5 = Udel Kduyhvw 03 1466 03 1463 031469 031465 031458 03 1456 03145: 03 1458

+8 139, +718:, +8 135, +717<, +8 177, +8 168, +8 176, +8 165,
6 = P rqvrrq 03 1447 03 145: 031435 031446 031443 03 1453 031433 03 1443

+7 16;, +61:;, +6 1:<, +6156, +7 1;7, +7 1:7, +7 163, +7 155,
7 = +uhihuhqfh,= Nkduli kduyhvw

k= h5lw.4
Qxpehu ri fkloguhq 3 1788 31748 3 169: 31669 3 17<4 3 1789 3 1759 31734

+5 1;:, +5193, +5 155, +5134, +6 19:, +6 175, +6 143, +5 1<5,
Krxvhkrog vl}h 03 15<: 03 15<9 031586 031585 0316:7 03 16;6 031677 03 1688

+6 148, +51<4, +5 18;, +516<, +7 1:4, +7 1;:, +7 156, +7 16;,
Luuljdwhg rzqhg odqg12dg 1 ht 1 03 139< 03 13:; 031397 0313:3 03145; 03 1455 031473 03 1465

+3 1<7, +413<, +3 1;7, +31<8, +5 157, +5 158, +5 178, +5 16<,
Vhdvrqdo gxpplhv
4 = Z lqwhu 03 1685 03 1797 03166; 031766 0316;5 03 17:9 0316:4 03 178;

+5 1<4, +51:3, +5 1:6, +517:, +6 194, +6 1;7, +6 178, +6 196,
5 = Udel Kduyhvw 03 1978 03 196; 031986 03196< 03193< 03 1944 031947 03 1949

+7 199, +713:, +7 193, +61<;, +8 136, +7 1<5, +8 133, +7 1;:,
6 = P rqvrrq 03 1878 03 1985 0317:9 0318:4 031868 03 1958 0317:< 03 189:

+6 1;9, +6163, +6 158, +51::, +7 166, +7 165, +6 1:;, +6 1:<,
7 = +uhihuhqfh,= Nkduli kduyhvw
�

o i
lw. 4

= ihpdoh ode ru 03 143< 0313<5 03 1437 03 13<<

+31:5, +3193, +4 158, +4 14:,
op
lw. 4

= p doh oderu 03 1438 031435 03 1393 03 1386

+4185, +4179, +4 178, +4 159,
B= /l w. 4

Djulfx owxudo sur� w 81<; 43 0 8 8 185 43 08 7 1:6 43 0 8 7177 43 0 8

+6 136, +51;5, +5 1<4, +5 1;9,
Lqvwuxphqwv ^4 ` ^4 ` ^4` ^4` ^5` ^5` ^5` ^5 `

Lqvw1 ri oderu vxssolhv op
lw 04

/o i
l w 0 4

- - - -
Ghjuhhv ri iuhhgrp = & 45 45 45 45 54 54 54 54
Vdujdq Vwdwlvw lf =�5 +& , 5<17- 6< 17- 5516- 6414- 871:- :317- 7:16- 93 1<-
Revhuydwlrqv ::73 ::64 ::73 ::64 ::73 ::64 ::73 ::64
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8161 Lqvwuxphqwdo Yduldeohv

Ohw*v ghulyh wkh irup ri lqvwuxphqwv xqghu wkh Qxoo K|srwkhvlv ri Ixoo Lqvxudqfh1 Zh kdyh wkh

iroorzlqj htxdwlrq

�oq f�|n� @ ^�}�|n� oq f�|n� . }�| oq f�|` � .�h}�|n��. y�|n� +814,

ru htxlydohqwo|

�oq f�|n� @ ^�}�|n��oq f�|n� � oq f�|�}�|n�` � .�h}�|n��. y�|n� +815,

Ehvlghv wkh yduldeohv ^�}�|n� oq f�|n� . }�| oq f�|` ri wklv htxdwlrq duh hqgrjhqrxv zkloh yduldeohv

�h}�|n� duh frqvlghuhg dv h{rjhqrxv1

Lq wkh fdvh ri vhsdudelolw| ehwzhhq frqvxpswlrq dqg ohlvxuh/ zh fdq zulwh wkh h{shfwdwlrqv=

+4 . }�|n��, oq f�|n� @ +4 . }�|�, oq f�| .�h}�|n��
Khqfh

oq f�|n� @
4. }�|�

4 . }�|n��
oq f�| .

�h}�|n��
4 . }�|n��

dqg dw wlph w

oq f�| @
4. }�|3��

4 . }�|�
oq f�|3� .

�h}�|�
4 . }�|�

+816,

Wkhq

oq f�|n� @
4 . }�|�

4 . }�|n��

�
4 . }�|3��

4 . }�|�
oq f�|3� .

�h}�|�
4 . }�|�

�
.

�h}�|n��
4 . }�|n��

oq f�|n� @
4. }�|3��

4 . }�|n��
oq f�|3� .

�
2h}�|n��

4 . }�|n��
+817,

zkhuh �
2 lv wkh vhfrqg gl�huhqfh rshudwru gh�qhg e| �

2
[|n� @ [|n� �[|3�=

Exw dffruglqj wr +815,/ ^�}�|n� oq f�|n� . }�| oq f�|` � @ �oq f�|n� ��h}�|n��/ xvlqj +816, dqg +817,/

zh jhw=

^�}�|n� oq f�|n� . }�| oq f�|` �@
� +4 . }�|3��,�}�|n��

+4 . }�|n��, +4 . }�|�,
oq f�|3�.

�
2h}�|n��

4 . }�|n��
0
�h}�|�
4 . }�|�

0�h}�|n��
Zulwlqj vlpso| d vhfrqg rughu vhulhv h{sdqvlrq lq � ri wkhvh h{suhvvlrqv=

Zh kdyh �
E�n5�|n�w�E�n5�|w�

@ 4� +}�|n� . }�|, � .
�
}
2
�| . }�|n�}�| . }

2
�|n�

�
�
2
. r

�
�
2
�

Khqfh
E�n5�|3�w�

E�n5�|n�w�E�n5�|w�
@ 4� +}�|n� . }�| � }�|3�, � . r +�,

Ohdglqj wr
3E�n5�|3�w�{5�|n�w
E�n5�|n�w�E�n5�|w�

@ ��}�|n��.�}�|n� +}�|n� . }�| � }�|3�, �
2.r

�
�
2
�

5;



vlqfh
{2h5�|n�k
�n5�|n�w

0 {h5�|k
�n5�|w

@ �h}�|n��.^}�|�h}�|0}�|n��2h}�|n�`��.^}2�|n��2h}�|n�0}2�|�h}�|`��2.r��2�
Diwhu vrph uhduudqjhphqwv dqg vlpsol�fdwlrqv/ zh rewdlq

^�}�|n� oq f�|n� . }�| oq f�|`� �
w'f

0�}�|n�� oq f�|3�.^}�|�h}�| � }�|n��
2h}�|n�`�� +818,

.�}�|n� +}�|n� . }�| � }�|3�, �
2
oq f�|3�.^}

2
�|n��

2h}�|n� � }
2
�|�h}�|`��2

Wkh iroorzlqj lqvwuxphqwdo yduldeohv duh wkhruhwlfdoo| ydolg=

��}�|n� oq f�|3�/ }�|�h}�| � }�|n��
2h}�|n�

dw wkh �uvw rughu/ wr zklfk zh fdq dgg

�}�|n� +}�|n� . }�| � }�|3�, oq f�|3�> }
2
�|n��

2h}�|n� � }
2
�|�h}�|

dw wkh vhfrqg rughu1

8171 Lqvwuxphqwdo uhjuhvvlrqv

Dv vkrzq dqg uhfrpphqghg e| wkhruhwlfdo uhvhdufk rq hvwlpdwlrq phwkrgv zlwk lqvwuxphqwdo

yduldeohv/ lw lv lpsruwdqw wr suhvhqw �uvw vwdjh lqvwuxphqwdo uhjuhvvlrqv zkhq dq lqvwuxphqwdwlrq

phwkrg lv xvhg +Erxqg/ Mdhjhu dqg Ednhu/ 4<<8/ Pdjgdolqrv/ 4<<7/ Vwdljhu dqg Vwrfn/ 4<<:,1 Dv

zh fdqqrw suhvhqw doo ri wkhp/ zh vkrz rqo| wkrvh frqfhuqlqj wkh zlwklq yloodjh frpsohwh pdunhwv

k|srwkhvlv lq wkh fdvh ri frqvxpswlrq ohlvxuh vhsdudelolw| +Wdeoh 815 fruuhvsrqgv wr wkh �uvw vwhs

uhjuhvvlrqv ri froxpq +8, ri Wdeoh 615,1 Hdfk froxpq ri Wdeoh 815 lv wkh lqvwuxphqwdo uhjuhvvlrq

ri rqh hqgrjhqrxv yduldeoh1 Wkh lqvwuxphqwdo uhjuhvvlrqv lq wkh fdvh zkhuh djulfxowxudo lqfrph lv

lqwurgxfhg dqg zkhuh lw lv lqvwuxphqwhg e| uhqwdo lqfrphv duh lq Wdeoh 8161 Wkh| fruuhvsrqg wr

wkh �uvw vwhs hvwlpdwlrq ri froxpq +:, lq Wdeoh 6151 Djdlq/ doo gxpp| yduldeohv duh dovr qrw vkrzq

lq wkhvh Wdeohv1
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1

Wdeoh 815= Lqvwuxphqwdo uhjuhvvlrqv
Lqvwuxphqwhg ydulde ohv ^0} l w. 4 oqf l w. 4 .} l w oqf l w `

} lw. 4 Qe11 ri fkloguhq Krxvhkr og vl}h Luuljdwhg odqg Z lqwhu Udel Prqvrrq
H{sodqdwru| ydulde ohv
} lw. 4 {} lw. 4

Qe1 r i fk loguhq 05 17;<;4 0418947; 0316;875 03 15:4;5 3 137:34 03 153633
+41;3, +3 193, +31;5, +418<, +3167, +4176,

Krxvhkr og vl}h 313<;36 04187:39 3 13598< 314<935 03133:35 3133854
+3143, +3 1;9, +313;, +4199, +313:, +3138,

Luuljdwhg odqg 04 18;739 051754<6 0616<54< 03 15578: 03133586 03 13<<9:
+4164, +4 13:, +;163, +4184, +3135, +31;3,

} lw. 4 +{} l w. 4 , oqf l w 04
Qe1 r i fk loguhq 03 17<:<4 315855< 3 13857: 31379:4 031339;5 313698;

+41<6, +3 185, +3193, +417:, +3159, +416;,
Krxvhkr og vl}h 03 13389< 0319435< 3 1346<3 03 1368;4 3 13359: 03 1336;9

+3136, +4 1;7, +3156, +4197, +3148, +3154,
Luuljdwhg odqg 3169:7< 31943<9 0313;354 3137<35 0313349: 3136;4;

+4175, +4 159, +31<5, +4187, +3139, +4177,
Z lqwhu 03 16997; 0319473< 03155573 03 176<6; 3 136798 3134385

+4183, +4 168, +519<, +4718;, +4173, +3175,
Udel 3159;88 318:58: 03153:<8 03 143837 03158:<9 3135445

+31;<, +4 134, +5135, +51;4, +;16;, +319;,
P rqvrrq 04 176459 05149895 3 133;<3 03 1343:3 031333:5 03 176;<9

+6165, +5 19<, +3139, +3153, +3135, +<1<4,

} lw. 4 +{} l w. 4 ,+} l w. 4 .} l w 0} lw 0 4 , oqf l w 04
Qe1 r i fk loguhq 3133783 03135:3; 3 133787 03 13385; 3 133449 03 13379;

+3147, +3 177, +3174, +4163, +3168, +416<,
Krxvhkr og vl}h 03 1334;9 313386; 03133838 3133649 3 133387 03 13334;

+3145, +3 14<, +31<9, +4199, +3168, +3144,
Luuljdwhg odqg 03 13;364 03147954 03143338 03 133988 3 13336: 03 133<<6

+41:<, +4 1:8, +918<, +414;, +313;, +5149,
Z lqwhu 315:735 31;4;7: 3 146;45 313:;7; 031364:< 3133;55

+4156, +4 1<9, +41;5, +51;7, +4173, +3169,
Udel 03 14;93< 03168437 3 15685; 3143643 03139:<< 03 134<83

+318<, +3 18<, +514;, +5196, +5144, +3193,
P rqvrrq 4144:6; 419:663 0314349< 31359:9 3 1366:3 3135633

+5176, +4 1<7, +3198, +317:, +31:5, +317<,

} lw. 4 5lw{5lw 3 5lw.4{
55lw.4

Qe1 r i fk loguhq 31454;9 03145435 3 133::6 03 135988 3 1336;9 03 135<9<
+319;, +3 169, +3146, +4154, +3154, +4195,

Krxvhkr og vl}h 3136456 31498;7 03134773 31348;5 3 133:65 3133397
+316:, +4 139, +3184, +4187, +31;9, +313:,

Luuljdwhg odqg 03 166397 03187<9< 0315863: 03 135873 03133395 03 135<<6
+418:, +4 173, +6188, +31<;, +3136, +416;,

} lw. 4 55
lw.4

{55lw.4 3 55
lw
{5lw

Qe1 r i fk loguhq 3133775 3133954 0313346; 3133388 0313334< 03 133379
+4146, +3 1;8, +4137, +4147, +317;, +4149,

Krxvhkr og vl}h 3133456 31335:; 3 133387 03 133349 3 13333< 3133353
+4137, +4 159, +4168, +4144, +31:;, +419;,

Luuljdwhg odqg 31334<7 313386: 3 133<36 3133353 3 133334 3133389
+4138, +4 189, +47179, +31<3, +3136, +51<9,

Revhuydwlrqv ::73 ::73 ::73 ::73 ::73 ::73

U 5 318; 3 185 31;3 3147 3144 314:
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1

Wdeoh 816= Lqvwuxphqwdo uhjuhvvlrqv
Lqvwuxphqwhg yduldeohv ^0} l w. 4 oqf l w. 4.} l w oqf l w ` {/lw. 4

} l w. 4 Qe1 ri fkloguhq Krxvhkr og vl}h Luuljdwhg odqg Z lqwhu Udel P rqvrrq Djulfxowxud o lqfrph
H{sodqdwru| yduldeohv
} l w. 4 {} lw. 4

Qe1 ri fkloguhq 05 17;< 04189 0316;8 0315:4 3137: 031536 46<513
+4 1;3, +3 193, +31;5, +4 18<, +3167, +4 176, +41;<,

Krxvhkrog vl}h 313<; 04 187: 3 1359 3 14<9 03133: 3 1338 0:<157
+3 143, +3 1;9, +313;, +4 199, +313:, +3 138, +3149,

Luuljdwhg odqg 0418; 05 1754 06 16< 031557 031335 0313<< 04547 1<
+4 164, +4 13:, +;163, +4 184, +3135, +3 1;3, +41;<,

} l w. 4 +{} l w. 4 , oqf l w 04
Qe1 ri fkloguhq 03 17<: 31585 3 1385 3 1379 031339; 3 1369 06431<

+4 1<6, +3 185, +3193, +4 17:, +3159, +4 16;, +515:,
Krxvhkrog vl}h 03 1338 03 1943 3 1346< 03 1368; 31335 031336 7< 1;:

+3 136, +4 1;7, +3156, +4 197, +3148, +3 154, +3186,
Luuljdwhg odqg 3169: 31943 03 13; 3 137< 0313349 3 136; 5<8 175

+4 175, +4 159, +31<5, +4 187, +3139, +4 177, +5148,
Z lqwhu 03 1699 0319473< 03 155573 03176< 31367 313438 093155

+4 183, +4 168, +519<, +4718;, +4173, +3 175, +3179,
Udel 3159; 318:58: 03 153:<8 031438 03158: 313544 077 1554

+3 1;<, +4 134, +5135, +5 1;4, +;16;, +3 19;, +315:,
Prqvr rq 04 1764 05149 3 133; 03 1343: 031333 03176; 446 1<:

+6 165, +5 19<, +3139, +3 153, +3135, +< 1<4, +3183,
} l w. 4 E{5lw. 4 �E5lw. 4 n 5l w 3 5lw 0 4 �,?Sl w 0 4
Qe1 ri fkloguhq 313378 03 135: 3 13378 03 13385 3 13344 03 13379 81749

+3 147, +3 177, +3174, +4 163, +3168, +4 16<, +3164,
Krxvhkrog vl}h 03 1334; 313386 031338 313364 3 133387 03 13334; 81847

+3 145, +3 14<, +31<9, +4 199, +3168, +3 144, +319:,
Luuljdwhg odqg 03 13;36 03 14795 03 143 03 13398 3 13336 03133< 083183

+4 1:<, +4 1:8, +918<, +4 14;, +313;, +5 149, +5145,
Z lqwhu 315:7 31;4; 3 146; 3 13:; 031364: 3 133; 05:18:

+4 156, +4 1<9, +41;5, +5 1;7, +4173, +3 169, +3156,
Udel 03 14;9 03 1684 3 1568 3 1436 03139: 03134< 0;71;8

+3 18<, +3 18<, +514;, +5 196, +5144, +3 193, +3183,
Prqvr rq 4144:6; 419:663 03 14349< 31359:9 3 1366:3 3135633 053714

+5 176, +4 1<7, +3198, +3 17:, +31:5, +3 17<, +31;6,

} l w. 4 5lw{5lw 3 5lw.4{
55lw.4

Qe1 ri fkloguhq 31454;9 03145435 3133::6 03 135988 3 1336;9 03 135<9< 08715:
+3 19;, +3 169, +3146, +4 154, +3154, +4 195, +318:,

Krxvhkrog vl}h 3136456 31498;7 03 134773 31348;5 3 133:65 3133397 8< 195
+3 16:, +4 139, +3184, +4 187, +31;9, +3 13:, +4167,

Luuljdwhg odqg 03166397 03187<9< 03 15863: 03 135873 03133395 03 135<<6 04;91;
+4 18:, +4 173, +6188, +3 1<;, +3136, +4 16;, +419:,

} l w. 4 55
lw.4

{55lw.4 3 55
lw
{5lw

Qe1 ri fkloguhq 313377 3133954 03 13346; 3133388 0313334< 03 133379 06 165
+4 146, +3 1;8, +4137, +4 147, +317;, +4 149, +4193,

Krxvhkrog vl}h 313345 31335: 3133387 03 133349 3 13333< 3133353 31:;;
+4 137, +4 159, +4168, +4 144, +31:;, +4 19;, +4159,

Luuljdwhg odqg 31334< 313386 3133<36 3133353 3 133334 3133389 514<3
+4 138, +4 189, +47179, +3 1<3, +3136, +5 1<9, +5156,

Lqfrph iurp uhqwv 317:8
+45 149,

Revhuydwlrqv ::73 ::73 ::73 ::73 ::73 ::73 ::73

U 5 3 18; 3 185 31;3 3 147 3144 3 14: 3135
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Uhihuhqfhv

Dfnhuehuj G1 dqg Erwwlflql P1 +5334, �Hqgrjhqrxv Pdwfklqj dqg wkh Hpslulfdo Ghwhuplqdqwv ri

Frqwudfw Irup�/ iruwkfrplqj/ Mrxuqdo ri Srolwlfdo Hfrqrp|

Doghupdq K1 dqg Sd{vrq F1 +4<<7, �Gr wkh Srru LqvxuhB D V|qwkhvlv ri wkh Olwhudwxuh rq Ulvn dqg

Frqvxpswlrq lq Ghyhorslqj Frxqwulhv� lq Edfkd +Hg1, Hfrqrplfv lq d Fkdqjlqj Zruog/ Yroxph

7= Ghyhorsphqw/ Wudgh dqg wkh Hqylurqphqw/ Orqgrq/ PfPloodq Suhvv

Doghupdq K1 dqg Jdufld P1 +4<<6, �Sryhuw|/ Krxvhkrog Irrg Vhfxulw|/ dqg Qxwulwlrq lq Uxudo

Sdnlvwdq�/ Uhvhdufk Uhsruw <9/ LISUL

Dowxj V1 dqg Ploohu U1 +4<<3, �Krxvhkrog Fkrlfhv lq Htxloleulxp�/ Hfrqrphwulfd/ 8;/ 6/ 87608:3

Duurz N1 +4<97, �Wkh Uroh ri Vhfxulwlhv lq wkh Rswlpdo Doorfdwlrq ri Ulvn Ehdulqj�/ Uhylhz ri

Hfrqrplf Vwxglhv/ 64/ <40<9

Dwwdqdvlr R1 dqg Gdylv V1 +4<<9, �Uhodwlyh Zdjh Pryhphqwv dqg wkh Glvwulexwlrq ri Frqvxps0

wlrq�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 437/ 9/ 455:04595

Dwwdqdvlr R1 dqg Uðrv0Uxoo M1 Y1 +5333, �Frqvxpswlrq Vprrwklqj dqg H{whqghg Idplolhv1�/ Lq0

ylwhg Ohfwxuh dw wkh Zruog Frqjuhvv ri wkh Hfrqrphwulf Vrflhw|/ Vhdwwoh/ 53331

Dwwdqdvlr R1 dqg Zhehu J1 +4<<6, �Frqvxpswlrq Jurzwk/ wkh Lqwhuhvw Udwh dqg Djjuhjdwlrq�/

Uhylhz ri Hfrqrplf Vwxglhv/ 93/ 964097<

Erxqg M1/ Mdhjhu G1 D1 dqg Ednhu U1 +4<<8, �Sureohpv zlwk Lqvwuxphqwdo Yduldeohv Hvwlpdwlrq

zkhq wkh Fruuhodwlrq ehwzhhq wkh Lqvwuxphqwv dqg wkh Hqgrjhqrxv H{sodqdwru| Yduldeoh lv Zhdn�/

Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ <3/ 7760783

Eoxqghoo U1/ Eurzqlqj P1 dqg Phjklu +4<<7, �Frqvxphu Ghpdqg dqg wkh Olih0F|foh Doorfdwlrq

ri Krxvhkrog H{shqglwxuhv�/ Uhylhz ri Hfrqrplf Vwxglhv/ 94/ 8:�;3

Eurzqlqj P1 dqg Phjklu F1 +4<<4, �Wkh H�hfwv ri Pdoh dqg Ihpdoh Oderu Vxsso| rq Frpprglw|

Ghpdqgv�/ Hfrqrphwulfd/ 8</ 7/ <580<84

Exvh D1 +4<<5, �Wkh Eldv ri Lqvwuxphqwdo Yduldeoh Hvwlpdwruv� Hfrqrphwulfd/ 93/ 4/ 4:60;3

Fkldssrul S1D1 dqg Vdodqlì E1 +5334, �Whvwlqj Frqwudfw Wkhru|= D Vxuyh| ri Vrph Uhfhqw Zrun�

Lqylwhg Ohfwxuh ri wkh Zruog Frqjuhvv ri wkh Hfrqrphwulf Vrflhw|/ Vhdwwoh

Frdwh V1 dqg Udydoolrq P1 +4<<6, �Uhflsurflw| zlwkrxw frpplwphqw= Fkdudfwhul}dwlrq dqg Shu0

irupdqfh ri Lqirupdo Lqvxudqfh Duudqjhphqwv�/ Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ 73/ 4057

Frfkudqh M1/ +4<<4, �D Vlpsoh Whvw ri Frqvxpswlrq Lqvxudqfh�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <</

8/ <8:0<:9

Gdylgvrq U1 dqg PfNlqqrq M1 +4<<6, Hvwlpdwlrq dqg Lqihuhqfh lq Hfrqrphwulfv/ R{irug Xqlyhuvlw|

Suhvv

Ghdwrq D1 +4<<3, �Rq Ulvn/ Lqvxudqfh dqg Lqwud0Yloodjh Vprrwklqj�/ plphr/ Zrrgurz Zlovrq

Vfkrro/ Sulqfhwrq Xqlyhuvlw|
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Ghdwrq D1 +4<<5, Xqghuvwdqglqj frqvxpswlrq/ R{irug Foduhqgrq Suhvv

Ghdwrq D1 dqg Sd{vrq F1 +4<<7, �Lqwhuwhpsrudo Fkrlfh dqg Lqhtxdolw|�/ Mrxuqdo ri Srolwlfdo Hfrq0

rp|/ 435+6, / 76:079:

Gheuhx J1 +4<8<, Wkh Wkhru| ri Ydoxh/ Qhz \run/ Zloh|

Gxerlv S1 +5333, �Dvvxudqfh Sduidlwh/ Kìwìurjìqìlwì ghv Suìiìuhqfhv hw Pìwd|djh dx Sdnlvwdq�/

Dqqdohv g*Hfrqrplh hw gh Vwdwlvwltxh/ 8</ 4069

Gxerlv S1/ Mxoolhq E1 dqg Pdjqdf W1 +5334, �Ulvn Vkdulqj zlwk Irupdo dqg Lqirupdo Frqwudfwv=

Wkhru|/ Vhpl0Sdudphwulf Lghqwl�fdwlrq dqg Hvwlpdwlrq�/ plphr

Idifkdpsv P1 dqg Oxqg V1 +5333, �Ulvn Vkdulqj Qhwzrunv lq Uxudo Sklolsslqhv� plphr

Irvwhu D1/ Urvhq}zhlj P1 +4<<9, �Ilqdqfldo Lqwhuphgldwlrq/ Wudqvihuv dqg Frpplwphqw= Gr Edqnv

Furzg Rxw Sulydwh Lqvxudqfh Duudqjhphqwv lq Orz0Lqfrph Uxudo Duhdv� plphr

Irvwhu D1/ Urvhq}zhlj P1 +4<<:, �G|qdplf Vdylqjv Ghflvlrqv lq Djulfxowxudo Hqylurqphqwv zlwk

Lqfrpsohwh Pdunhwv� Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 48/ 5/ 5;505<5

Irvwhu D1 dqg Urvhq}zhlj P1 +5334, �Lpshuihfw Frpplwphqw/ Dowuxlvp dqg wkh Idplo|= Hylghqfh

iurp Wudqvihu ehkdylru lq Orz0Lqfrph Uxudo Duhdv�/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ ;6/ 6/

6;<073:

Julpdug I1 +4<<:, �Krxvhkrog Frqvxpswlrq Vprrwklqj wkurxjk Hwkqlf Wlhv= Hylghqfh iurp F÷wh

g*Lyrluh�/ Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ 86=6<40755

Kdoo U1 H1 +4<:;, �Vwrfkdvwlf Lpsolfdwlrqv ri wkh Olih0F|foh Shupdqhqw Lqfrph K|srwkhvlv= Wkhru|

dqg Hylghqfh� Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;9/ <:40<;:

Kd|dvkl I1/ Dowrqml M1 dqg Nrwolnr� O1 +4<<9, �Ulvn Vkdulqj Ehwzhhq dqg Zlwklq Idplolhv�/ Hfrqr0

phwulfd/ 97/ 5/ 59405<7

Khfnpdq M1 dqg E1 Vlqjhu +4<;7, �D Phwkrg iru Plqlpl}lqj wkh Lpsdfw ri Glvwulexwlrqdo Dvvxps0

wlrqv lq Hfrqrphwulf Prghov iru Gxudwlrq Gdwd�/ Hfrqrphwulfd/ 85/ 5/ 5:40653

Mdfre| K1 dqg Vnrx�dv H1 +4<<;, �Whvwlqj Wkhrulhv ri Frqvxpswlrq Ehkdylru Xvlqj Lqirupdwlrq

rq Djjuhjdwh Vkrfnv= Lqfrph Vhdvrqdolw| dqg Udlqidoo lq Uxudo Lqgld�/ Dphulfdq Mrxuqdo ri Djul0

fxowxudo Hfrqrplfv/ ;3/ 4047

Mdodq M1 dqg Udydoolrq P1 +4<<<, �Duh wkh Srru Ohvv Zhoo LqvxuhgB Hylghqfh rq Yxoqhudelolw| wr

Lqfrph Ulvn lq Uxudo Fklqd�/ Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ 8;/ 940;4

Nrfkdu D1 +4<<<, �Vprrwklqj Frqvxpswlrq e| Vprrwklqj Lqfrph= Krxuv0ri0Zrun Uhvsrqvhv wr

Lglrv|qfudwlf Djulfxowxudo Vkrfnv lq Uxudo Lqgld�/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ ;4+4,/ 83094

Od�rqw M1 M1 dqg Pdwrxvvl P1 V1 +4<<8, �Prudo Kd}dug/ Ilqdqfldo Frqvwudlqwv dqg Vkduhfursslqj

lq Ho Rxomd�/ Uhylhz ri Hfrqrplf Vwxglhv/ 95/ 6;406<<

Oljrq H1 +4<<;, �Ulvn Vkdulqj dqg Lqirupdwlrq lq Yloodjh Hfrqrplhv�/ Uhylhz ri Hfrqrplf Vwxglhv/

98/ 7/ ;7:0;97
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Oljrq H1/ Wkrpdv M1 dqg Zruudoo W1 +5334, �Pxwxdo Lqvxudqfh dqg Olplwhg Frpplwphqw= Wkhru|

dqg Hylghqfh lq Yloodjh Hfrqrplhv�/ iruwkfrplqj/ Uhylhz ri Hfrqrplf Vwxglhv

Pdfh E1 +4<<4, �Ixoo Lqvxudqfh lq wkh Suhvhqfh ri Djjuhjdwh Xqfhuwdlqw|�/ Mrxuqdo ri Srolwlfdo

Hfrqrp|/ <</ 8/ <5;0<89

Pdjgdolqrv P1 +4<<7, �Whvwlqj Lqvwuxphqw Dgplvvlelolw|= Vrph Uh�qhg Dv|pswrwlf Uhvxowv�/

Hfrqrphwulfd/ 95/ 5/ 6:60736

Phjklu F1 dqg Zhehu J1 +4<<9, �Lqwhuwhpsrudo Qrqvhsdudelolw| ru Eruurzlqj UhvwulfwlrqvB D

glvdjjuhjdwh dqdo|vlv xvlqj d XV frqvxpswlrq sdqho�/ Hfrqrphwulfd/ 97/ 8/ 4484044;4

Prugxfk M1 +4<<8, �Lqfrph Vprrwklqj dqg Frqvxpswlrq Vprrwklqj�/ Mrxuqdo ri Hfrqrplf Shu0

vshfwlyhv/ </ 6/ 4360447

Qhovrq M1 +4<<7, �Rq Whvwlqj iru Ixoo Lqvxudqfh Xvlqj Frqvxphu H{shqglwxuh Vxuyh| Gdwd�/ Mrxu0

qdo ri Srolwlfdo Hfrqrp|/ 435/ 6;706<7

Rjdnl P1 dqg ]kdqj T1 +5334, �Ghfuhdvlqj Uhodwlyh Ulvn Dyhuvlrq dqg Whvwv ri Ulvn Vkdulqj�/

Hfrqrphwulfd/ 9</ 5/ 8480859

Rwvxnd N1/ Fkxpd K1/ Kd|dpl \1 +4<<5, �Odqg dqg Oderu Frqwudfwv lq Djuduldq Hfrqrplhv= Wkh0

rulhv dqg Idfwv�/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/ 63/ 4<980534;

Sd{vrq F1 +4<<5, �Xvlqj Zhdwkhu Yduldelolw| wr Hvwlpdwh wkh Uhvsrqvh ri Vdylqjv wr Wudqvlwru|

Lqfrph lq Wkdlodqg�/ Dphulfdq Hfrqrplf Uhylhz/ ;5/ 48066

Sd{vrq F1 +4<<6, �Frqvxpswlrq dqg Lqfrph Vhdvrqdolw| lq Wkdlodqg�/ Mrxuqdo ri Srolwlfdo Hfrq0

rp|/ 434/ 6<0:5

Slvfknh M1 V1 +4<<8, �Lqglylgxdo Lqfrph/ Lqfrpsohwh Lqirupdwlrq/ dqg Djjuhjdwh Frqvxpswlrq�/

Hfrqrphwulfd/ 96/ ;380;73

Udydoolrq P1/ dqg Fkdxgkxul V1 +4<<:, �Ulvn dqg Lqvxudqfh lq Yloodjh Lqgld= Frpphqw�/ Hfrqr0

phwulfd/ 98=4:404;7

Vwdljhu G1 dqg Vwrfn M1 +4<<:, �Lqvwuxphqwdo yduldeohv uhjuhvvlrq zlwk zhdn lqvwuxphqwv�/ Hfrqr0

phwulfd/ 98/ 6/ 88:�8;9

Vwljolw} M1 H1 +4<:7, /�Lqfhqwlyhv dqg Ulvn Vkdulqj lq Vkduhfursslqj�/ Uhylhz ri Hfrqrplf Vwxglhv/

74/ 5/ 54<0588

Wkrpdv M1 dqg Zruudoo W1 +4<;;, �Vhoi Hqiruflqj Zdjh Frqwudfwv�/ Uhylhz ri Hfrqrplf Vwxglhv/

88/ 8740887

Wrzqvhqg U1 +4<<7, �Ulvn dqg lqvxudqfh lq yloodjh Lqgld�/ Hfrqrphwulfd 95+6, / 86<08<4

Zlovrq U1 +4<9;, �Wkh Wkhru| ri V|qglfdwhv�/ Hfrqrphwulfd 69/ 4 / 44<0465

Zruog Edqn +4<<:, Zruog Ghyhorsphqw Uhsruw

]hoghv V1 +4<;<, �Frqvxpswlrq dqg Oltxlglw| Frqvwudlqwv�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <:/ 5/

6380679
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