




4 Lqwurgxfwlrq

Wklv sdshu irfxvhv rq wkh lvvxh ri orqj whup lqvxudqfh lq d zruog zkhuh ulvn w|shv hyroyh

ryhu wlph1 Khdowk dqg olih lqvxudqfh duh lqgxvwulhv zkhuh wklv lvvxh lv lpsruwdqw1 Lq wklv

hqylurqphqw/ �uvw ehvw zrxog lqyroyh ixoo lqvxudqfh djdlqvw wzr vrxufhv ri ulvn= wkh vkruw

whup �hyhqw� ulvn wkdw dq dfflghqw zloo rffxu zlwklq d shulrg/ dqg wkh orqjhu whup �fodv0

vl�fdwlrq� ulvn/ l1h1/ wkh ulvn wkdw ixwxuh lqirupdwlrq derxw wkh frqvxphu*v w|sh zloo ohdg

wr yduldelolw| lq ixwxuh suhplxpv1 Dv zdv srlqwhg rxw e| Frfkudqh +4<<8,/ frpplwphqw

e| lqvxudqfh frpsdqlhv wr wkh ixwxuh whupv ri wkh srolflhv lv qrw qhfhvvdulo| vx!flhqw wr

jxdudqwhh wkdw fodvvl�fdwlrq ulvn fdq eh ixoo| lqvxuhg14 Li frqvxphuv fdqqrw frpplw/ wkrvh

zkr uhfhlyh srvlwlyh +ehwwhu wkdq dyhudjh, qhzv derxw wkhlu ulvn fkdudfwhulvwlfv zloo vzlwfk

wr d frpshwlqj lqvxudqfh frpsdq| zkr r�huv wkhp ehwwhu udwhv1 Wkxv/ lqvxudqfh frpsd0

qlhv fdqqrw sur�wdeo| r�hu frqvxphuv ixoo lqvxudqfh djdlqvw fodvvl�fdwlrq ulvn1 Wklv lvvxh

kdv lpsruwdqw zhoiduh dqg srolf| lpsolfdwlrqv> wkh odfn ri orqj whup lqvxudqfh +ru odfn ri

uhqhzdelolw| ri frqwudfwv, lv frqvlghuhg dq lpsruwdqw pdunhw idloxuh lq wkh khdowk lqvxudqfh

dqg olih lqvxudqfh pdunhwv15

D jurzlqj olwhudwxuh +fi1 Fkldssrul +4<<<,, dgyrfdwhv wkh xvh ri lqvxudqfh gdwd dv lghdo

iru whvwlqj wkh suhglfwlrqv ri frqwudfw wkhru|1 Wkh pdlq irfxv ri wklv olwhudwxuh kdv ehhq rq

whvwlqj suhglfwlrqv ri vwdwlf prudo kd}dug dqg dgyhuvh vhohfwlrq prghov1 Wklv sdshu dovr xvhv

lqvxudqfh gdwd lq dq dwwhpsw wr frqwulexwh wr wkh vpdoohu olwhudwxuh wkdw vwxglhv wkh surshuwlhv

ri g|qdplf frqwudfwv16 Dq hpslulfdo lqyhvwljdwlrq ri frqwudfw g|qdplfv lv/ lq sulqflsoh/ d

pxfk pruh gl!fxow wdvn dv wkh wkhru| ehfrphv pruh frpsoh{ dqg wkh gdwd uhtxluhphqwv

pruh ghpdqglqj1 Zh dujxh ehorz wkdw dydlodeoh gdwd rq olih lqvxudqfh frqwudfwv ohqgv lwvhoi

wr d yhu| vlpsoh whvw ri wkh nh| dvshfwv ri wkh wkhru|1

Zh xvh d xqltxh gdwd vhw rq wkh X1V1 olih lqvxudqfh lqgxvwu|1 Wklv gdwd vhw lqfoxghv

qrw rqo| lqirupdwlrq rq dfwxdo olih lqvxudqfh frqwudfwv/ exw dovr uhsruwv iru hdfk frqwudfw

4Vhh Frfkudqh +4<<8, iru d vfkhph wkdw fdq vroyh wkh frpplwphqw sureohp1
5fi1 Gldprqg +4<<5,/ Frfkudqh +4<<8,1 Lq d 4<<6 Jdooxs sroo +Slxffl +4<<6,,/ 89( ri wkh uhvsrqghqwv

zhuh yhu| frqfhuqhg ri wkh srvvlelolw| ri orvlqj khdowk lqvxudqfh iru phglfdo uhdvrqv1 Iru d yhu| uhfhqw dqg

h{whqvlyh vxuyh| ri wkh olwhudwxuh dqg lvvxhv lq olih lqvxudqfh/ vhh Yloohqhxyh +4<<<,1
6Wkh ihz sdshuv duh= Fkldssrul/ S1D1> Vdodqlh*/ E1> dqg Ydohqwlq/ M1 +4<<;, wkdw whvw d prgho ri zdjh

g|qdplfv xvlqj gdwd iurp rqh odujh Iuhqfk �up1 Wkh| �qg vxssruw iru wkhrulhv ri ohduqlqj zlwk grzqzdug

uljlglw| ri zdjhv1 Pxusk| +4<;9, lqyhvwljdwhv d orqjlwxglqdo vdpsoh ri fklhi h{hfxwlyh r!fhuv iurp pruh wkdq

4333 �upv dqg frpsduhv ohduqlqj dqg lqfhqwlyhv1 Klv hylghqfh lv pl{hg1 Wr rxu nqrzohgjh wkh rqo| hpslulfdo

zrun whvwlqj lghdv ri wkh wkhru| ri frqwudfw g|qdplfv rxwvlgh wkh oderu pdunhw duh Glrqqh dqg Grkhuw| +4<<7,

dqg Furfnhu dqg Prudq +4<<;,/ wkh odwwhu vwxglhv hpsor|hh orfn0lq dv zd| wr lqfuhdvh frpplwphqw wr orqj

whup lqvxudqfh/ orfn lq pdnhv lw kdughu iru jrrg w|shv wr ohdyh d �up1
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wkh wlph sur�oh ri ixwxuh suhplxpv +lqfoxglqj/ zkhq dssursuldwh/ krz suhplxpv ydu| zlwk

uhohydqw frqwlqjhqflhv,1 Zh h{sorlw wkh gl�huhqfhv dfurvv r�huhg frqwudfwv wr= Iluvw/ whvw

wkh hpslulfdo suhglfwlrqv ri wkh prgho1 Vhfrqg/ wr vwxg| wkh zd| lq zklfk wkh olih lqvxudqfh

lqgxvwu| frshv zlwk wkh odfn ri frqvxphu frpplwphqw +vhh irrwqrwh 5,1 Wkh whvw lv h{wuhpho|

vlpsoh exw txlwh lqirupdwlyh1

Wkh dlpv ri wkh sdshu duh= l, wr ghyhors d g|qdplf prgho wkdw dgdswv h{lvwlqj wkhrulhv

wr rewdlq whvwdeoh lpsolfdwlrqv> ll, wr whvw wkh lpsolfdwlrqv ri wkh wkhru| e| xvlqj gdwd rq

olih lqvxudqfh frqwudfwv> lll, wr hydoxdwh wkh glvwruwlrqv iurp wkh odfn ri frpplwphqw1

Zh suhvhqw d prgho zkhuh lqvxudqfh frpsdqlhv fdq frpplw wr wkh ixwxuh whupv ri srol0

flhv exw frqvxphuv fdqqrw17 Zh dvvxph wkdw wkhuh lv shuihfw frpshwlwlrq lq wkh vxsso| ri

lqvxudqfh18 Wkh khdowk vwdwxv ri hdfk frqvxphu lv sxeolfo| revhuyhg dqg hyroylqj ryhu wlph1

Fdslwdo pdunhwv duh lpshuihfw dqg frqvxphuv duh khwhurjhqhrxv lq wkh h{whqw wr zklfk wkh|

duh fuhglw frqvwudlqhg19 Wkh pdlq hpslulfdo suhglfwlrqv ri wkh prgho duh wkh iroorzlqj= +4,

Rswlpdo frqwudfwv lqyroyh iurqw0ordglqj1 Wklv fuhdwhv d sduwldo orfn0lq ri frqvxphuv1 +5,

Frqwudfwv wkdw duh pruh iurqw0ordghg duh pruh h�hfwlyh dw orfnlqj lq frqvxphuv/ khqfh wkh|

nhhs d kljkhu sursruwlrq ri lqvxuhgv lq wkh orqj uxq/ l1h1/ wkh| kdyh orzhu odsvdwlrq1 +6, Ehwwhu

ulvn w|shv kdyh kljkhu lqfhqwlyh wr odsvh vlqfh wkh| jhw ehwwhu whupv e| frpshwlqj lqvxudqfh

frpsdqlhv1 Wkxv/ frqwudfwv zlwk kljkhu odsvdwlrq uhwdlq zruvh ulvn srrov1 +7, D zruvh ulvn

srro wudqvodwhv lqwr d kljkhu suhvhqw ydoxh ri suhplxpv iru d �{hg shulrg ri fryhudjh1 +8,

Frqvxphuv zlwk orrvhu fuhglw frqvwudlqwv fkrrvh frqwudfwv wkdw duh pruh iurqw0ordghg1

Revhuyh wkdw wkh fkdlq ri uhdvrqlqj iurp +5, wr +7, lpsolhv wkdw frqwudfwv wkdw duh pruh

iurqw0ordghg vkrxog nhhs d ehwwhu ulvn srro/ dqg wkdw zh vkrxog h{shfw d qhjdwlyh uhodwlrq

ehwzhhq iurqw0ordglqj dqg wkh suhvhqw ydoxh ri suhplxpv1

Zh h{sorlw wkh ydulhw| ri frqwudfwv r�huhg lq wkh olih lqvxudqfh pdunhw wr whvw wkh suhglf0

wlrqv ri wkh prgho> wkhvh jhw vwurqj vxssruw lq wkh gdwd1 Zh �qg wkdw yluwxdoo| hyhu| frqwudfw

lqyroyhv vrph iurqw0ordglqj1 Revhuyh wkdw zlwk lpshuihfw fdslwdo pdunhwv iurqw0ordglqj lv

frvwo| iru frqvxphuv1 Ixuwkhupruh/ dq lqwhuhvwlqj dvshfw ri wkh gdwd lv wkdw wkhuh duh odujh

7Wkh prgho lv forvho| uhodwhg wr wkh Kduulv dqg Kropvwurp +4<;5, sdshu rq zdjh g|qdplfv> lw ghsduwv

e| lqwurgxflqj wzr hohphqwv fulwlfdo wr wkh olih lqvxudqfh pdunhwv/ qdpho|/ wkh zlwklq shulrg ulvn ri ghdwk

dqg khwhurjhqhlw| lq frqvxphuv fuhglw frqvwudlqwv1 Wkh uhodwlrq zlwk Kduulv dqg Kropvwurp dqg zlwk Gh

Jdulgho +4<<;, zloo eh glvfxvvhg lq pruh ghwdlo lq vhfwlrq 51
8Zh zloo dujxh odwhu wkdw wklv lv d uhdvrqdeoh dvvxpswlrq lq wklv lqgxvwu|1 Wkh uhvxowv/ krzhyhu/ gr qrw

ghshqg rq d olwhudo lqwhusuhwdwlrq ri wklv dvvxpswlrq1
9Li wkhuh duh qr fdslwdo pdunhw lpshuihfwlrqv wkh �uvw ehvw fdq eh dfklhyhg e| kdylqj frqvxphuv eruurz

wr sd| doo wkh suhplxpv xs iurqw1 Wkxv/ fdslwdo pdunhw lpshuihfwlrqv duh hvvhqwldo wr vwxg| wkh lvvxh ri

frpplwphqw1
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gl�huhqfhv lq wkh suhvhqw ydoxh ri suhplxpv dfurvv frqwudfwv1 Zh �qg d vwurqj dqg qhjdwlyh

uhodwlrq ehwzhhq wkh h{whqw ri iurqw0ordglqj dqg wkh suhvhqw ydoxh ri suhplxpv1 Wklv frq0

�upv wkh uhodwlrq suhglfwhg e| wkh prgho1 Zh dovr �qg wkdw wkh orqjhvw whup frqwudfwv frph

forvh wr fdswxulqj doo wkh jdlqv iurp orqj whup lqvxudqfh ghvslwh wkh odfn ri frpplwphqw rq

wkh sduw ri frqvxphuv1 Wklv �qglqj lv lq vkdus frqwudvw zlwk zkdw zrxog eh h{shfwhg xqghu

frpshwlwlrq dqg odfn ri frpplwphqw +dqg lq oljkw ri wkh khdowk lqvxudqfh h{shulhqfh,/ zkhuh

d vhtxhqfh ri vkruw whup frqwudfwv ohdyh wkh lqvxuhg vxemhfw wr uhfodvvl�fdwlrq ulvn1

Zh frqfoxgh wkh hpslulfdo dqdo|vlv e| suhvhqwlqj d pruh whqwdwlyh/ dowkrxjk vxjjhvwlyh/

vwxg| ri wkh olqn ehwzhhq wkh w|sh ri frqwudfw dqg lqfrph sur�oh ri wkh lqvxuhg1 Iru wklv

sduw ri wkh lqyhvwljdwlrq/ wkh gdwd zh kdyh lv qrw lghdo1 Krzhyhu/ wkh suhglfwlrqv ri wkh

prgho uhjduglqj w|sh ri frqwudfw fkrvhq e| gl�huhqw surihvvlrqv dqg lqvxuhgv dw gl�huhqw

djhv duh prvwo| uh hfwhg lq wkh gdwd1

Zh frqfoxgh e| frqvlghulqj dowhuqdwlyh wkhrulhv wkdw pd| dffrxqw iru wkh pdlq �qglqjv

dqg zh dujxh wkdw wkh| duh lqfrqvlvwhqw zlwk wkh gdwd1

Rxu dqdo|vlv vxjjhvwv wkdw wkh h{whqw ri wkh glvwruwlrqv gxh wr g|qdplf lqirupdwlrq uhyh0

odwlrq lq wkh olih lqvxudqfh lqgxvwu| duh qrw odujh1 Wkh lqgxvwu| lv uhgxflqj wkh uhfodvvl�fdwlrq

ulvn e| orfnlqj lq fxvwrphuv1 Dffruglqj wr rxu qxpehuv/ vrph ri wkh frpprqo| sxufkdvhg

whup frqwudfwv frph yhu| forvh wr fdswxulqj doo wkh jdlqv iurp orqj whup lqvxudqfh1 Lw vkrxog

eh qrwhg krzhyhu/ wkdw wklv dfklhyhphqw frphv dw d frvw ehfdxvh lw uhtxluhv frqvxphuv wr

sd| pruh prqh| xs iurqw wkdq zrxog eh rswlpdo iurp wkh srlqw ri ylhz ri lqwhuwhpsrudo

frqvxpswlrq vprrwklqj1 Lw lv zruwk qrwlqj wkdw wkh lqgxvwu| dfklhyhg wklv sduwldo vrox0

wlrq wr wkh sureohp ri fodvvl�fdwlrq ulvn zlwkrxw qhhg ri uhjxodwlrq +h1j1/ qr lpsrvlwlrq ri

jxdudqwhhg uhqhzdelolw|,1

Zk| Olih LqvxudqfhB Ehvlgh wkh idfw wkdw wkh olih lqvxudqfh pdunhw lv lqwhuhvwlqj

lq lwv rzq uljkw/ vhyhudo idfwruv pdnh lw dq lghdo hqylurqphqw iru vwxg|lqj wkh lvvxh ri

frpplwphqw1:

+4, Lq wklv pdunhw ohduqlqj derxw wkh fkdudfwhulvwlfv ri lqglylgxdov lv d fuxfldo lvvxh> lw lv

nqrzq wkdw wkh suhplxpv fkdujhg wr frqvxphuv ghshqg rq wkhlu vwdwh ri khdowk1 Ixuwkhu0

pruh/ rxu hpslulfdo lqyhvwljdwlrq lv xqolnho| wr eh vhulrxvo| frqwdplqdwhg e| rwkhu skhqrp0

hqd1 Iluvw/ dgyhuvh vhohfwlrq lv xqolnho| wr eh d pdmru frqvlghudwlrq1 Fdzoh| dqg Sklolsvrq

+4<<;, irxqg qr hylghqfh ri dgyhuvh vhohfwlrq lq olih lqvxudqfh1; Wklv fdq eh h{sodlqhg e|

:Frqfhuqlqj wkh lpsruwdqfh ri wkh pdunhw/ Fdzoh| dqg Sklolsvrq +4<<;, uhsruw wkdw suhplxpv pdnh xs

619( ri JGS lq wkh X1V1 dqg <3( ri idplolhv zlwk 5 dgxowv kdyh olih lqvxudqfh ri vrph nlqg1
;Wkh| whvw iru dgyhuvh vhohfwlrq e| orrnlqj dw wkh uhodwlrq ehwzhhq wkh idfh dprxqw dqg wkh xqlw sulfh1
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wkh idfw wkdw ex|huv kdyh wr sdvv d phglfdo h{dplqdwlrq dqg dqvzhu d ghwdlohg txhvwlrq0

qdluh1 Plvuhsuhvhqwdwlrq ru frqfhdophqw ri pdwhuldo lqirupdwlrq zrxog uhqghu wkh srolf|

yrlg1 Ixuwkhupruh/ lqvxudqfh frpsdqlhv kdyh dq lqirupdwlrq fohdulqj v|vwhp1< 43 Prudo

kd}dug lv xqolnho| wr eh d txdqwlwdwlyho| lpsruwdqw lvvxh> lw lv nqrzq wkdw wkh lqvxuhg srsx0

odwlrq rxwolyhv wkh xqlqvxuhg/ khqfh/ li prudo kd}dug lv suhvhqw lw lv grplqdwhg e| wkh phglfdo

vfuhhqlqj1

+5, Gdwd rq frqwudfwv lv dydlodeoh1 D frqwudfw suh0vshfl�hv doo ixwxuh uhqhzdo sulfhv dqg

frqglwlrqv iru uhqhzdo1 Wr rxu nqrzohgjh qr suhylrxv zrun rq wkh g|qdplfv ri frqwudfwv

kdv xvhg gluhfw frqwudfw lqirupdwlrq1 Olih lqvxudqfh dovr kdv wkh dgydqwdjh wkdw wkh whupv

ri wkh frqwudfw duh vlpsoh dqg fohduo| vwdwhg1 Oderu frqwudfwv/ lq frqwudvw/ duh sodjxhg e|

xqrevhuydeohv +h1j1 shuirupdqfh uhodwhg, dqg e| wkh suhvhqfh ri lpsolflw djuhhphqwv zklfk

duh kdug wr dffrxqw iru h{solflwo| lq hpslulfdo zrun1 Lq frqwudvw zlwk rwkhu w|shv ri lqvxudqfh/

wkh srwhqwldo iru plvuhsruwlqj ru plvphdvxulqj wkh pdjqlwxgh ri dq dfflghqw lv orzhu lq wkh

fdvh ri olih lqvxudqfh144

+6, Olih lqvxudqfh frqwudfwv duh r�huhg lq vhyhudo ydulhwlhv/ lqyroylqj gl�huhqw wlph sur�ohv

ri suhplxpv1 Wklv ydulhw| lv hvvhqwldo wr dqdo|}h wkh h�hfwv ri frpplwphqw dqg uhqhjrwldwlrq1

Zh xvh wklv ydulhw| wr whvw wkh lpsolfdwlrqv ri wkh prgho1

+7, Ilqdoo|/ xqghuvwdqglqj dqg txdqwli|lqj wkh lqh!flhqf| iurp wkh odfn ri elodwhudo

frpplwphqw lq olih lqvxudqfh zloo frqwulexwh wr wkh srolf| ghedwh ryhu khdowk lqvxudqfh1 Odfn

ri uhqhzdelolw| dqg wkh devhqfh ri lqvxudqfh ri fodvvl�fdwlrq ulvn duh vrph ri wkh frqfhuqv

udlvhg derxw khdowk lqvxudqfh +h1j1 lq Folqwrq*v uhirup sursrvdo/ qhz vwdwh uhjxodwlrq gxulqj

wkh <3v,1 Krzhyhu/ wkh khdowk fduh pdunhw vx�huv iurp d ydulhw| ri rwkhu sureohpv1 Lvrodwlqj

wkh sureohpv gxh wr wkh odfn ri elodwhudo frpplwphqw vkrxog eh xvhixo iru xqghuvwdqglqj wkh

vrxufh ri lqh!flhqf| lq khdowk lqvxudqfh +vhh Frqfoxglqj Vhfwlrq,1

Li dgyhuvh vhohfwlrq zdv d vhulrxv lvvxh rqh zrxog h{shfw d srvlwlyh uhodwlrq> wklv lv qrw suhvhqw lq wkh gdwd1
<Lq sudfwlfh wkhuh lv dq lqirupdwlrqdo dv|pphwu|/ lq wkh vhqvh wkdw wkh lqvxuhu ohduqv wkh w|sh ri wkh

lqvxuhg rqo| li wkh odwwhu vkrzv xs iru d phglfdo h{dplqdwlrq1 Zkdw pdwwhuv iru rxu sxusrvhv lv wkdw wklv

dv|pphwu| glvdsshduv +ru ehfrphv txdqwlwdwlyho| xqlpsruwdqw, dw wkh prphqw ri xqghuzulwlqj +ru uhqhzlqj

wkh frqwudfw,1 Lq wkh prgho/ iru vlpsolflw|/ zh dvvxph wkh lqirupdwlrq lv v|pphwulf1 Wkh dvvxpswlrq lv

lqfrqvhtxhqwldo vlqfh wkh lqvxuhg fdqqrw klgh klv w|sh lq fdvh kh zdqwv wr wudqvdfw1
43Rxu dvvxpswlrq ri qr dgyhuvh vhohfwlrq zrxog qrw eh ydolg iru dqqxlwlhv= wkhuh lv hylghqfh wkdw dqqxlw|

pdunhwv +zklfk vhhp wr eh xqghu ghyhorshg, vx�hu iurp dgyhuvh vhohfwlrq +Euxjldylql +4<<3, dqg Iulhgpdq

dqg Zduvkdzvnl +4<<3,,1 D nh| glvwlqfwlrq lv wkdw sxufkdvhv ri dqqxlw| gr qrw uhtxluh phglfdo h{dpv1 Wkh

uhdvrq pd| eh wkdw wklv zrxog jlyh frqvxphuv wkh lqfhqwlyh wr klgh jrrg lqirupdwlrq derxw wkhlu khdowk/

zklfk lv dujxdeo| pxfk hdvlhu wkdq klglqj edg lqirupdwlrq +wklqn derxw d qrq vprnhu vkrzlqj xs wr wkh

phglfdo h{dp vprnlqj d fljduhwwh dqg frxjklqj uhshdwhgo|,1
44Lq dxwr lqvxudqfh iru h{dpsoh/ srolf|0kroghuv kdyh wkh lqfhqwlyh qrw wr uhsruw plqru fodlpv1
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5 Wkhru|

514 Prgho

Wkhuh duh wkuhh vhwv ri djhqwv lq wkh prgho= Lqvxudqfh frpsdqlhv/ frqvxphuv dqg ghshqghqwv

ri wkh frqvxphuv1 Frqvxphuv zlvk wr lqvxuh wkh vwuhdp ri lqfrph iru wkhlu ghshqghqwv1

Ghshqghqwv zloo qrw sod| dq dfwlyh uroh lq wkh prgho> wkh| rqo| d�hfw wkh vroxwlrq lqgluhfwo|

wkurxjk wkh xwlolw| wkdw frqvxphuv dwwdfk wr frqvxpswlrq e| wkhlu ghshqghqwv1 Zh dvvxph

wkdw wkhuh lv shuihfw frpshwlwlrq ehwzhhq lqvxudqfh frpsdqlhv145

Wkhuh duh wzr shulrgv1 Lq shulrg 4 doo djhqwv kdyh lghqwlfdo ghdwk suredelolwlhv R146 Lq

shulrg 4 wkhuh duh 6 vwdjhv= lq vwdjh 4 lqvxudqfh frpsdqlhv r�hu frqwudfwv wr frqvxphuv1 Dw

vwdjh 5 frqvxphuv fkrrvh d frqwudfw1 Dw vwdjh 6 xqfhuwdlqw| derxw ghdwk lv uhvroyhg dqg

doo olylqj frqvxphuv frqvxph1 Lq shulrg 5 wkhuh duh 7 vwdjhv1 Lq vwdjh 3 d khdowk vwdwxv �

lv uhdol}hg1 Hdfk khdowk vwdwxv rffxuv zlwk suredelolw| ^�1 D frqvxphu zlwk khdowk vwdwxv �

glhv zlwk suredelolw| R� lq shulrg 51 Zlwkrxw orvv ri jhqhudolw|/ zh rughu wkh khdowk vwdwxv

vr wkdw R� 	 R2��� 	 R� 1 Zh dvvxph wkdw R� � R/ l1h1/ khdowk zruvhqv ryhu wlph1 Lq vwdjh

4 doo lqvxudqfh frpsdqlhv revhuyh wkh khdowk vwdwxv ri doo lqglylgxdov dqg r�hu frqwudfwv

wr djhqwv1 Lq vwdjh 5 frqvxphuv fkrrvh d frqwudfw1 Lq vwdjh 6 xqfhuwdlqw| derxw ghdwk lv

uhvroyhg dqg doo olylqj frqvxphuv frqvxph1

Frqvxphuv kdyh h{shfwhg xwlolw| suhihuhqfhv wkdw duh wlph dgglwlyh1 Zkhq dolyh d frq0

vxphu jhwv xwlolw| �ES� iurp frqvxplqj dq dprxqw S lq d jlyhq shulrg1 Doo frqvxphuv h{shfw

d xwlolw| �ES� li wkh ghshqghqwv frqvxph S lq d jlyhq shulrg zkhq kh lv ghdg1 Wkh ixqfwlrqv �

dqg � duh erwk dvvxphg wr eh vwulfwo| frqfdyh dqg wzlfh gl�huhqwldeoh1 Li d frqvxphu lv dolyh

kh uhfhlyhv d �uvw shulrg lqfrph ri + � } dqg d vhfrqg shulrg lqfrph ri + n }/ zlwk } � f1

Li kh lv ghdg wkh idplo| uhfhlyhv qr lqfrph h{fhsw iru wkh idfh dprxqw ri wkh lqvxudqfh 8 1

Wkhuh duh qr fuhglw pdunhwv1 Frqvxphuv kdyh wkh vdph suhihuhqfhv dqg wkh vdph shupdqhqw

lqfrph exw gl�huhqw frqvxphuv kdyh gl�huhqw lqfrph jurzwk/ dv uhsuhvhqwhg e| wkh sdud0

phwhu }1 Wkh uroh ri wklv sdudphwhu lv wr doorz d frpsdulvrq dfurvv lqglylgxdov zkr kdyh

gl�huhqw qhhgv iru frqvxpswlrq vprrwklqj dqg khqfh duh gl�huhqw lq wkh h{whqw wr zklfk

45Zkloh wkhuh duh vhdufk frvwv/ zh eholhyh wkdw shuihfw frpshwlwlrq lv d jrrg dssur{lpdwlrq iru whup olih

lqvxudqfh= wkhuh duh 4833 frpshwlqj frpsdqlhv dqg whup lqvxudqfh lv lqfuhdvlqjo| ylhzhg dv d frpprglw|

+Uhfrug +4<<:,,1 Wkhuh lv d uhjxodwru| suhvhqfh exw uhjxodwlrq pdlqo| shuwdlqv wr �qdqfldo vroyhqf|/ qrw

sulflqj1 Dv Eodfn dqg Vnlsshu +4<<7, sxw lw= �Olih lqvxudqfh udwhv iru lqglylgxdo lqvxudqfh duh uhjxodwhg

rqo| lq d prvw lqgluhfw vhqvh1 Lw lv ihow wkdw frpshwlwlrq lv dq dghtxdwh uhjxodwru ryhu dq| whqghqflhv wrzdug

udwh h{fhvvlyhqhvv�1
46Zh fdq wklqn ri s dv uhsuhvhqwlqj d vshfl�f ulvn fdwhjru| lq shulrg 41 Rxu prgho fdq eh uhdglo| h{whqghg

wr wuhdw vhyhudo vxfk fdwhjrulhv1

9



fuhglw frqvwudlqwv d�hfw wkhlu ghflvlrqv147

D shulrg 4 frqwudfw lv d �uvw shulrg suhplxp '� dqg d idfh dprxqw 8�/ dqg d yhfwru ri

suhplxpv dqg idfh dprxqwv E'�

2
c � � � c '�

2
�c E8 �

2
c � � � c 8�

2
� lqgh{hg e| wkh vhfrqg shulrg khdowk

vwdwxv ri dq lqglylgxdo1 Wkh vhfrqg shulrg suhplxpv zloo rqo| eh sdlg li wkh frqvxphu grhv

qrw fkdqjh frqwudfw1 D shulrg 5 frqwudfw lv d suhplxp dqg idfh dprxqw E'�
2
c 8 �

2
� lqgh{hg

e| wkh vhfrqg shulrg khdowk vwdwxv ri dq lqglylgxdo1

515 Ehqfkpdunv

Ixoo Frpplwphqw Li erwk sduwlhv fdq frpplw wr d orqj whup frqwudfw/ wkhq ulvn

qhxwudo �upv ixoo| lqvxuh ulvn dyhuvh frqvxphuv/ htxdwlqj pdujlqdo xwlolwlhv dfurvv shulrgv

dqg vwdwhv1 Frpshwlwlrq gulyhv sur�wv wr }hur1 Wkh doorfdwlrq lv Sduhwr h!flhqw1

Qr Frpplwphqw Li qhlwkhu sduw| lv deoh wr frpplw wkhq wkh htxloleulxp doorfdwlrq

lqyroyhv vkruw whup frqwudfwv> lq hdfk shulrg djhqwv sxufkdvh dfwxduldoo| idlu lqvxudqfh jlyhq

wkhlu w|sh1 Vkruw whup ulvn lv ixoo| lqvxuhg/ exw fodvvl�fdwlrq ulvn lv frpsohwho| xqlqvxuhg1

516 Rqh0vlghg Frpplwphqw

Iurp qrz rq zh vkdoo dvvxph wkdw lqvxudqfh frpsdqlhv fdq frpplw wr ixwxuh dfwlrqv zkhuhdv

frqvxphuv fdqqrw1 Jlyhq wkh khdowk vwdwxv/ lq shulrg 5 d frqvxphu fkrrvhv ehwzhhq vwd|lqj

zlwk wkh frqwudfw kh fkrvh lq shulrg 4 dqg wkh vhw ri frqwudfwv rq r�hu lq shulrg 51 Wkxv/ wkh

vhw ri ihdvleoh frqwudfwv lv wkh vhw ri xqlodwhudo frqwudfwv/ l1h1/ wkrvh frqwudfwv wkdw whuplqdwh

wkh prphqw wkh ex|hu vwrsv sd|lqj wkh suhplxpv> wkhuh duh qr fdvk  rzv xsrq whuplqdwlrq148

Wkh wlph olqh lq �jxuh 4 vxppdul}hv wkh prgho1

Lw lv fohdu wkdw wkh frpshwlwlyh htxloleulxp lv fkdudfwhul}hg e| wkh vroxwlrq wkdw pd{lpl}hv

wkh xwlolw| ri frqvxphuv vxemhfw wr lqvxudqfh frpsdqlhv euhdnlqj hyhq1 Wkh htxloleulxp lv

wkxv fkdudfwhul}hg e| wkh vroxwlrq ri wkh iroorzlqj pd{lpl}dwlrq sureohp=

47Devhqfh ri fuhglw pdunhwv lv d wrr h{wuhph dvvxpswlrq/ zh rqo| qhhg vrph vrxufh ri �qdqfldo lpshuihfwlrq

wkdw pdnhv eruurzlqj gl�huhqwldoo| frvwo|1 Vr wkdw frqvxphuv sd| gl�huhqw lqwhuhvw udwhv iru ordqv1 Zh eholhyh

wkdw wkh frqfoxvlrqv zrxog eh vlplodu lq wkdw fdvh1
48Wklv lv h{dfwo| wkh nlqg ri olih lqvxudqfh frqwudfw wkdw lv r�huhg lq wkh X1V1 pdunhw1 Dv zh zloo vhh odwhu/

lqvxudqfh frpsdqlhv gr frpplw wr orqj whup frqwudfwv1 Dv wr frqvxphuv/ wkh frqwudfwv dydlodeoh lq wkh olih

lqvxudqfh pdunhw gr qrw lpsrvh shqdowlhv rq frqvxphuv zkr gurs rxw ri wkh frqwudfw1 Lw zrxog suredeo| eh

lpsrvvleoh wr hqirufh vxfk shqdowlhv1 Iru pruh rq lqvwlwxwlrqdo ihdwxuhv ri olih lqvxudqfh vhh Pf Jloo +4<9:,

ru Gdlo| +4<;<,1

:
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Frqvwudlqw +6, vd|v wkdw hdfk frqwudfw wkdw lv fkrvhq e| frqvxphuv lq shulrg 4 pxvw lq

htxloleulxp |lhog }hur h{shfwhg sur�wv wr lqvxudqfh frpsdqlhv ryhu wkh wzr shulrgv1 Wkh vhw

ri frqvwudlqwv lq +7, vd|v wkdw frqwudfwv lq wkh vhfrqg shulrg frqwudfwv fdqqrw pdnh srvlwlyh

sur�wv lq dq| vwdwh1 Wkh uhdvrq lv wkdw rwkhuzlvh vrph lqvxudqfh frpsdq| zrxog r�hu dq

dfwxduldoo| idlu frqwudfw +lq wkdw vwdwh ri wkh vhfrqg shulrg, wkdw pdnhv frqvxphuv ehwwhu

r�1 Vlqfh frqvxphuv gr qrw frpplw/ d frqwudfw wkdw pdnhv srvlwlyh sur�wv lq vrph vwdwh lq

wkh vhfrqg shulrg lv qrw vxvwdlqdeoh1

Zh qhhg wr vhsdudwh ehwzhhq hyhqw ulvn dqg fodvvl�fdwlrq ulvn1 Hyhqw ulvn lv wkh ulvn ri

ghdwk lq wkh iroorzlqj shulrg1 Fodvvl�fdwlrq ulvn lv wkh ulvn ri sd|lqj gl�huhqw suhplxpv

lq gl�huhqw vwdwhv1 Zh qhhg wr gh�qh zkdw ixoo lqvxudqfh lv zkhq frqvxphuv kdyh vwdwh

ghshqghqw xwlolw|1

;



Gh�qlwlrq 4 Zh vd| wkdw d frqvxphu jhwv ixoo hyhqw lqvxudqfh lq vwdwh � ri gdwh 5 li

��E8 �
2
� ' ��E+2 n } �'�

2
� +8,

Dqdorjrxvo|/ zh vd| wkdw d frqvxphu jhwv ixoo hyhqw lqvxudqfh dw gdwh 4 li

��E8�� ' ��E+� � } �'�� +9,

Zh fdoo '�
2
E8U� wkh idlu suhplxp iru ixoo lqvxudqfh lq vwdwh �1

Sursrvlwlrq 4 Lq wkh htxloleulxp vhw ri frqwudfwv doo frqvxphuv jhw ixoo hyhqw lqvxudqfh lq

shulrg 4 dqg lq doo vwdwhv ri shulrg 51

Vhh wkh dsshqgl{ iru wkh surri1 Wkh lqwxlwlrq iru wklv uhvxow lv wkdw/ xqghu frpshwlwlrq

hyhqw lqvxudqfh lv r�huhg dw d idlu udwh/ khqfh/ frqvxphuv duh iuhh wr wudqvihu uhvrxufhv

ehwzhhq wkh �dolyh� vwdwh dqg wkh �ghdg� vwdwh1 Khqfh/ wkh| zloo dozd|v fkrrvh wr ixoo|

lqvxuh hyhqw ulvn1

Wkh qh{w lv wkh pdlq wkhruhwlfdo uhvxow1 Lw surylghv d fkdudfwhul}dwlrq ri wkh htxloleulxp

vhw ri frqwudfwv1

Sursrvlwlrq 5 Lq wkh htxloleulxp vhw ri frqwudfwv=

+l, Wkhuh lv d }/ vxfk wkdw/ li } 	 } wkhuh lv dq r vxfk wkdw � � r 	 � / '�
2
' '�

2
E8U� iru

� ' �c � � � c r� �/ dqg '�
2
' 'r

2
iru � ' rc � � � c � dqg '�

2
	 '�

2
E8U� iru � ' rn �c � � � c � 1

+ll, Wkh �uvw shulrg suhplxp lv odujhu wkdq dfwxduldoo| idlu1

+lll, Wkhuh lv d qhjdwlyh uhodwlrq ehwzhhq lqfrph jurzwk } dqg wkh �uvw shulrg suhplxp

'�/ dqg wkhuh lv d srvlwlyh uhodwlrq ehwzhhq } dqg r1

Vhh wkh dsshqgl{ iru wkh Surri1 Wkh frqwhqw ri Sursrvlwlrq 5 lv vxppdul}hg lq �jxuh 51

Wkh lqwxlwlrq iru Sursrvlwlrq 5 lv wkh iroorzlqj1 Sduw +l, lv vd|lqj wkdw wkhuh lv d khdowk

vwdwh r vxfk wkdw iru doo khdowk vwdwhv zkhuh wkh frqvxphu lv dw ohdvw dv khdowk| dv lq r/ wkh

suhplxpv duh dfwxduldoo| idlu1 Iru doo khdowk vwdwhv zkhuh d frqvxphu lv lq zruvh khdowk

wkdq lq vwdwh r wkh suhplxpv duh orzhu wkdq dfwxduldoo| idlu/ dqg htxdo wr wkh suhplxp lq

vwdwh r1 Zh fdq wklqn ri r dv vhsdudwlqj ehwzhhq �jrrg� dqg �edg� vwdwhv lq wkh vhfrqg

shulrg1 Ehfdxvh ri wkh odfn ri frpplwphqw e| frqvxphuv/ lw lv qrw srvvleoh wr wudqvihu

uhvrxufhv dfurvv vwdwhv lq wkh vhfrqg shulrg1 Krzhyhu/ e| iurqw0ordglqj/ lw lv srvvleoh wr

wudqvihu uhvrxufhv ehwzhhq wkh �uvw shulrg dqg wkh edg vwdwhv lq wkh vhfrqg shulrg1 Wklv lv

qrw frvwohvv jlyhq wkh devhqfh ri fdslwdo pdunhwv1 Krzhyhu/ lw lv zruwk grlqj li wkh frqvxphu

lv uhodwlyho| edgo| r� lq wkh edg vwdwhv ri wkh vhfrqg shulrg uhodwlyh wkh �uvw shulrg1 Wklv

<



Iljxuh 5=

kdsshqv li wkh kljkhvw ghdwk suredelolwlhv duh uhodwlyho| kljk dqg li lqfrph jurzwk lv qrw wrr

h{wuhph1 Wkh suhplxpv lq wkh edg vwdwhv duh doo wkh vdph ehfdxvh rwkhuzlvh ulvn fdq eh

vprrwkhg ixuwkhu dfurvv wkh edg vwdwhv1

Sduw +lll, vd|v wkdw wkhuh lv jrlqj wr eh ohvv iurqw0ordglqj iru frqvxphuv zlwk kljkhu

lqfrph jurzwk/ jlyhq d ohyho ri shupdqhqw lqfrph1 Wklv lv ehfdxvh/ zkhq fuhglw pdunhwv

duh lpshuihfw/ lqfrph jurzwk lpsolhv dq lqwhuwhpsrudo glvwruwlrq lq frqvxpswlrq1 Vlqfh wklv

glvwruwlrq lv odujhu wkh odujhu }/ dqg ehfdxvh iurqw0ordglqj wkh suhplxpv h{dfhuedwhv wklv

glvwruwlrq/ frqvxphuv zlwk odujhu } duh ohvv zloolqj wr iurqw0ordg wkh suhplxpv149

517 Hpslulfdo Lpsolfdwlrqv

Dq lpphgldwh lpsolfdwlrq ri Sursrvlwlrq 5 lv wkdw zh vkrxog revhuyh iurqw0ordglqj dqg

srrolqj ri ulvn fdwhjrulhv1 Zh vkdoo yhuli| wklv lq wkh hpslulfdo glvfxvvlrq1

Sursrvlwlrq 5 kdv lpsolfdwlrqv rq qrq0vwdwh frqwlqjhqw frqwudfwv dv zhoo1 Wr vhh wklv

qrwlfh wkdw hyhu| rswlpdo frqwudfw E'�c 8��c E'
�

2
c � � � c '�

2
�c E8 �

2
c � � � c 8�

2
� fdq eh wudqviruphg

lqwr d qrq0frqwlqjhqw frqwudfw E'�c 8��c E'r
2
c 8 r

2
� zklfk lv doorfdwlrqdoo| htxlydohqw1 Wkh

frqwudfwv duh lghqwlfdo lq wkh �uvw shulrg dqg lq vwdwhv � ' rc ��c� 1 Lq vwdwhv � ' �c ��c r � �

49Qrwlfh wkdw iru d yhu| odujh j wkhuh pd| eh qr iurqw0ordglqj dw doo/ l1h1/ v @ Q= Wkdw lv zk| wkh vwdwhphqw

ri wkh sursrvlwlrq txdol�hv iru d j qrw wrr odujh1

43



wkh frqvxphu gursv rxw ri wkh qrq0frqwlqjhqw frqwudfw dqg jhwv wkh vsrw +idlu, udwh/ zklfk

lv htxdo wr wkh suhplxp fkdujhg lq wkh ruljlqdo frqwudfw1 Wkxv/ wkh frqvxphu lv lqgl�huhqw

ehwzhhq wkh frqwlqjhqw dqg wkh qrq0frqwlqjhqw frqwudfw> wkh lqvxuhu lv dovr lqgl�huhqw vlqfh

lq vwdwhv � wr r suhplxpv duh dfwxduldoo| idlu +l1h1/ qr orvv ri sur�wv iurp orvlqj wkh fxvwrphu

lq wkrvh vwdwhv,1

Qrq0frqwlqjhqw frqwudfwv duh frpprq lq wkh olih lqvxudqfh pdunhw1 Wkxv/ lw lv lpsruwdqw

iru rxu hpslulfdo dqdo|vlv wr ghvfuleh wkhlu surshuwlhv1

Sursrvlwlrq 6 Frqvlghu wzr frqwudfwv r�huhg lq wkh �uvw shulrg wkdw duh qrw frqwlqjhqw rq

wkh khdowk vwdwh lq shulrg 51 Lq htxloleulxp/ wkh frqwudfw zlwk wkh kljkhu �uvw shulrg suhplxp

zloo kdyh d srro ri frqvxphuv lq ehwwhu khdowk dqg d orzhu suhvhqw ydoxh ri suhplxpv1 Wkh

frqwudfw zlwk wkh kljkhu �uvw shulrg suhplxp lv fkrvhq e| frqvxphuv zlwk orzhu lqfrph

jurzwk1

Surri= Fohduo|/ wkh frqwudfw zlwk wkh kljkhu �uvw shulrg suhplxp pxvw kdyh d orzhu vhfrqg

shulrg suhplxp vlqfh rwkhuzlvh qr frqvxphu zrxog fkrrvh lw1 Wkxv/ lq wkh vhfrqg shulrg wklv

frqwudfw zloo uhwdlq d khdowklhu srro ri frqvxphuv1 Wklv lpsolhv wkdw wkh dyhudjh frvw ri wklv

frqwudfw +sd|phqwv wr ghshqghqwv ri ghfhdvhg srolf| kroghuv, lv orzhu1 Xqghu frpshwlwlrq

wklv lpsolhv wkdw wkh suhvhqw ydoxh ri wkh suhplxpv pxvw dovr eh orzhu1

Wkh idfw wkdw wkh frqwudfw zlwk wkh kljkhu �uvw shulrg suhplxp lv fkrvhq e| frqvxphuv

zlwk orzhu lqfrph jurzwk lv reylrxv1

Uhpdunv=

� Zh fdq dovr dsso| Sursrvlwlrq 6 wr vwdwh frqwlqjhqw frqwudfwv1 Wr gr wklv uhfdoo iurp wkh

glvfxvvlrq deryh wkdw zh fdq wdnh rxw sduw rqh ri wkh frqwudfw +wkh vhw ri vwdwhv zkhuh

wkh frqvwudlqwv +7, duh elqglqj, dqg rqo| orrn dw wkh uhvw ri wkh frqwudfw1 Wkh suhglf0

wlrqv ri Sursrvlwlrq 6 krog iru frpsdulvrqv dprqj wkhvh �dpsxwdwhg� frqwudfwv14:

� Wkhuh duh dowhuqdwlyh vrxufhv ri khwhurjhqhlw| wkdw pd| h{sodlq zk| gl�huhqw frq0

vxphuv pd| suhihu gl�huhqw h{whqwv ri iurqw0ordglqj1 H{dpsohv duh xqfhuwdlq qhhgv

iru olih lqvxudqfh ru gl�huhqw lqwhuhvw udwhv iru eruurzlqj1 Krzhyhu/ wkh suhglfwlrqv ri

Sursrvlwlrq 6 duh urexvw dv orqj dv frqvxphuv lqfhqwlyhv wr odsvh duh uhodwhg wr khdowk1

4:Qrwlfh wkdw d kljkhu suhvhqw ydoxh frqglwlrqdo rq qrw uhtxdoli|lqj grhv qrw phdq wkdw pruh iurqw0ordghg

frqwudfwv duh h{0dqwh fkhdshu/ wkh| vkrxog eh htxdoo| frvwo| lq h{shfwdwlrq1 Pruh iurqw0ordghg frqwudfwv gr

ohdyh wkh lqvxuhg vxemhfw wr orzhu ulvn ri uhfodvvl�fdwlrq1

44



Uhodwhg Prghov Rxu prgho lv uhodwhg wr Kduulv dqg Kropvwurp +4<;5, zkr vwxg|

zdjh g|qdplfv lq d prgho zkhuh �upv dqg zrunhuv ohduq wkh delolw| ri wkh zrunhuv ryhu

wlph1 Ilupv fdq frpplw wr vhtxhqfhv ri zdjh r�huv frqwlqjhqw rq dq| sxeolf lqirupdwlrq

exw zrunhuv fdqqrw frpplw wr vwd| lq wkh �up1 Vlqfh zrunhuv duh ulvn dyhuvh/ wkh �uvw

ehvw doorfdwlrq lqyroyhv frqvwdqw zdjhv ryhu wlph dqg lqirupdwlrq vwdwhv1 Krzhyhu/ wkh

htxloleulxp lqyroyhv zdjhv wkdw duh uljlg grzqzdug dqg h{shfwhg wr lqfuhdvh ryhu wlph dv

�upv pdwfk r�huv pdgh wr wkrvh zrunhuv zkr duh uhyhdohg wr eh ri kljk delolw|1 Ixuwkhupruh/

zrunhuv uhfhlyh zdjhv ehorz wkhlu h{shfwhg delolw| lq wkh �uvw ihz shulrgv1 Gh Jdulgho +4<<;,

dovr dgdswv Kduulv dqg Kropvwurp wr dq lqvxudqfh vhwwlqj1 Klv pdlq irfxv lv wkh fdvh zkhuh

wkhuh lv dv|pphwulf lqirupdwlrq derxw wkh w|sh ri wkh gulyhu1 Kh glvfxvvhv wkh ghvludelolw| ri

uhtxlulqj lqvxudqfh frpsdqlhv wr vkduh wkhlu lqirupdwlrq derxw wkh gulyhuv* dfflghqw uhfrugv1

Frfkudqh +4<<8, vkrzv wkh h!flhqw doorfdwlrq fdq eh dfklhyhg xvlqj d vhtxhqfh ri vkruw

whup frqwudfwv zlwk vhyhudqfh sd|phqwv wkdw fryhu ixwxuh fkdqjhv lq suhplxpv1 Wklv nlqg

ri vfkhph lv qrw revhuyhg lq wkh olih lqvxudqfh pdunhw1 Dv glvfxvvhg lq wkh ehjlqqlqj ri

vhfwlrq 516/ zh irfxv rq wkh w|sh ri frqwudfwv wkdw duh revhuyhg lq wkh pdunhw1

6 Wkh Frqwudfwv dqg wkh Gdwd

Wkh Frqwudfwv Wkh olih lqvxudqfh pdunhw lv vhjphqwhg lq Whup dqg Fdvk Ydoxh1 Whup

frqwudfwv r�hu sxuh surwhfwlrq= wkh| sd| d �{hg vxp xsrq ghdwk ri wkh lqvxuhg vkrxog ghdwk

rffxu zlwklq wkh shulrg ri fryhudjh1 Fdvk ydoxh srolflhv lq frqwudvw r�hu d frpelqdwlrq ri

lqvxudqfh dqg vdylqjv> srolf|0kroghuv ghsrvlw ryhu wlph zlwk wkh srvvlelolw| ri zlwkgudzlqj

odwhu rq1 Zh irfxv rxu dqdo|vlv rq wkh pdunhw iru Whup lqvxudqfh iru wzr uhdvrqv1 Iluvw/

whup lv vlpsohu vlqfh lw lqyroyhv sxuh lqvxudqfh1 Vhfrqg/ zh gr qrw kdyh gdwd rq fdvk ydoxh1

Whup frqwudfwv gl�hu lq ohqjwk/ udqjlqj iurp |hduo| wr 63 |hduv14; Frqwudfwv duh uhqhz0

deoh/ vr wkh ohqjwk ri wkh frqwudfw grhv qrw shu vh glfwdwh wkh shulrg ri fryhudjh1 Suhplxpv

duh �{hg iru wkh ohqjwk ri wkh frqwudfw/ exw lqfuhdvh zlwk hdfk uhqhzdo1 Wkxv/ vkruwhu whup

frqwudfwv idfh pruh iuhtxhqw lqfuhdvhv iru d jlyhq shulrg ri fryhudjh1 Uhqhzdelolw| lv jxdu0

dqwhhg zlwkrxw phglfdo h{dplqdwlrq dw d suh0vshfl�hg sulfh +qrw qhfhvvdulo| jxdudqwhhg,1 Lw

vkrxog eh qrwhg wkdw= Iluvw/ vlqfh qr phglfdo h{dplqdwlrq lv qhhghg wr uhqhz/ sulfh fkdqjhv

duh qrw lqvxuhg vshfl�f1 Vhfrqg/ lqvxuhuv uduho| fkdqjh wkh suh0dqqrxqfhg sulfhv1 Khqfh/

dowkrxjk qrw ohjdoo| elqglqj/ suh0dqqrxqfhg sulfhv uhsuhvhqw wkh uhohydqw ixwxuh whupv ri wkh

4;Whup frqwudfwv kdyh jdlqhg srsxodulw| vlqfh 4<781 Wkh| uhsuhvhqwhg rqo| 9( ri doo ruglqdu| olih lqvxudqfh

lq 4<87 +Olih Lqvxudqfh Idfw Errn/ 4<<6,/ exw ryhu 6:( lq 4<<: dffruglqj wr OLPUD Ex|hu*v Vwxg|1
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frqwudfw14<

Wdeoh 4

Djh DUW OW43 V)X DUW

Srolf| \hdu

4 5 6 43 44 4< 53

68 947 :47 9:3 :<3 4353 111 65<3 6863 111 :773 ;5;3

69 967 :47 9;3 ;63 4393 111 6883 6;53 111 ;533 <463

6: 997 :47 9<3 ;:3 4463 111 6;63 7453 111 <373 43393
111

111
111

111
111

111
111

111
111

111

77 44;7 :47 ;<3 45:3 4983 111 9<53 :8:3 111 4:;63 53333

78 45;7 4877 <73 4683 4:83 111 :893 ;683 111 4<;33 55543

79 46<7 4877 4373 4793 4;;3 111 ;653 <533 111 54<<3 57963
111

111
111

111
111

111
111

111
111

111

86 5677 4877 4;43 5753 6533 111 496<3 4;5<3 111 77553 7<:33

87 5877 4877 5363 5983 6773 111 4;4<3 53643 111 7<543 88733

Wkhvh duh frqwudfwv r�huhg lq :24<<: wr d qrq0vprnlqj pdoh/ e| Qruwkzhvwhuq Pxw1

+�uvw wzr frqwudfwv, dqg Suxghqwldo Lqvxudqfh +V)X DUW, iru 833/333' ri fryhudjh1

Wkh �uvw froxpq ri Wdeoh 4 looxvwudwhv dq Dqqxdo Uhqhzdeoh Whup +DUW, frqwudfw1 Wklv

lv dq djjuhjdwh DUW/ zkhuh suhplxpv ydu| h{foxvlyho| e| dwwdlqhg djh1 Froxpq 5 looxvwudwhv

d 430|hdu Whup frqwudfw1 Wkh pdlq glvwlqfwlrq lv wkh sur�oh ri suhplxpv1

Lq wkh plg04<:3v lqvxuhuv vwduwhg wr pdunhw d qhz ydulhw| ri DUW/ wkh Vhohfw dqg Xowlpdwh

+V)X, DUW153 Wkhvh frqwudfwv r�hu vwdwh frqwlqjhqw sulfhv> suhplxpv ydu| e| lvvxh djh

dqg gxudwlrq vlqfh xqghuzulwlqj1 Wkh orjlf lv wr uh hfw wkh orzhu pruwdolw| udwhv ri wkrvh

mxvw vfuhhqhg e| wkh phglfdo h{dplqdwlrq154 Lqvxuhgv fdq dyrlg wkh lqfuhdvhg suhplxpv e|

uhtxdoli|lqj iru wkh vhohfw shulrg/ surylghg wkh| duh vwloo lq jrrg khdowk155 Wkh uljkw vlgh ri

Wdeoh 4 looxvwudwhv d V)X DUW1 Sd|phqwv duh h{suhvvhg dv d pdwul{ vlqfh wkh| gr qrw rqo|

4<Dffruglqj wr Frqvxphu Uhsruwv +Mxo| 4<<6,/ dprqj wkh 9: frpsdqlhv vxuyh|hg/ rqo| rqh lqfuhdvhg whup

suhplxpv ehwzhhq 4<;< dqg 4<<61
53Vlqfh wkhlu lqwurgxfwlrq V)X frqwudfwv kdyh odujho| glvsodfhg djjuhjdwh rqhv1 Lq rxu gdwd vhw ;4 rxw ri

wkh 446 DUW duh V)X rqhv1
54�Wkhuh lv d phdvxudeoh glvsdulw| iru dw ohdvw �iwhhq |hduv> exw iru sudfwlfdo sxusrvhv/ lw lv jhqhudoo|

dvvxphg wkdw wkh h�hfw ri vhohfwlrq �zhduv0r�� diwhu dssur{lpdwho| �yh |hduv1� +PfJloo +4<9:,,
55�Wkh lqvxuhg pd| rqo| kdyh wr dqvzhu wkuhh ri irxu txhvwlrqv derxw klv khdowk lq wkh odvw |hdu 1 1 1 Wkh

uhyhuvlrq surfhvv fdq eh uhshdwhg dv orqj dv wkh lqvxuhg uhpdlqv d vwdqgdug ulvn dqg ehorz d vshfl�hg djh

+w|slfdoo| :3,1� Gxnhv dqg PdfGrqdog +4<;3,1
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ghshqg rq djh/ exw rq |hduv vlqfh xqghuzulwlqj +fdswxuhg e| Srolf| \hdu,1 Wklv dgglwlrqdo

vwdwh yduldeoh �wv zlwk wkh k|srwkhvlv wkdw lqirupdwlrq derxw ghdwk suredelolwlhv lv uhyhdohg

ryhu wlph1 Wlph hodsvhg vlqfh wkh odvw phglfdo surylghv lqirupdwlrq derxw wkh lqvxuhg1 Iru

lqvwdqfh/ dw djh 69 wkh lqvxuhg zrxog sd| :<3' iru uhqhzlqj klv lqvxudqfh/ zkloh kdg kh

uhtxdol�hg kh zrxog kdyh sdlg rqo| 9;3'1 Wkh lqfhqwlyh wr uhtxdoli| lqfuhdvhv lq djh1 Zkloh

wkh vdylqj lv prghudwh iru d 69 |hdu rog/ dw 87 qrw uhtxdoli|lqj phdqv d 58( suhplxp

lqfuhdvh/ wkh lqvxuhg zrxog sd| 5753' lqvwhdg ri 5363'1

Wkh elj gl�huhqfh lq suhplxpv lq wkh gl�huhqw vfhqdulrv ri d V)X DUW lv fohduo| vxj0

jhvwlyh ri wkh idfw wkdw ohduqlqj derxw wkh khdowk vwdwxv ri dq lqglylgxdo lv dq lpsruwdqw

skhqrphqrq/ dqg wkdw frqvxphuv p| eh ohiw wr vx�hu vljql�fdqw fodvvl�fdwlrq ulvn1

Wkh Gdwd Prvw ri wkh gdwd zh xvh lq wklv vhfwlrq lv iurp wkh Frpsxolih Txrwdwlrq

V|vwhp +Mxo| 4<<:,1 Frpsxolih lv dq lqirupdwlrq v|vwhp xvhg e| lqvxudqfh djhqwv> lw frqwdlqv

txrwhv e| wkh pdlq X1V1 Olih lqvxuhuv +573 �upv,1 Suhplxpv duh uhsruwhg e| frqvxphu

fkdudfwhulvwlfv vxfk dv djh/ vprnlqj vwdwxv/ jhqghu/ hwf1 Lw lv d yhu| dffxudwh vrxufh ri

sulflqj gdwd/ dv lw lv wkh dfwxdo vrxufh ri txrwhv wkdw lqvxudqfh djhqwv r�hu wr wkhlu folhqwv156

Lwv xqltxh ihdwxuh/ iru wkh sxusrvh ri whvwlqj wkh suhglfwlrqv ri wkh prgho/ lv wkdw lw uhsruwv

wkh zkroh sur�oh ri ixwxuh suhplxpv idfhg e| d ex|hu dw wkh prphqw ri xqghuzulwlqj1 Wkxv/

zh revhuyh wkh hqwluh frqwudfw sur�oh/ qrw mxvw wkh vwduwlqj suhplxp1

Zh lqfoxghg wkh wrs 76 lqvxuhuv lq wkh X1V157

7 Whvwlqj wkh Lpsolfdwlrqv ri wkh Prgho

Wkh suhvhqfh ri vhyhudo frqwudfw sur�ohv lv frqvlvwhqw zlwk wkh prgho ri Vhfwlrq 5 exw qrw

qhfhvvdulo| hylghqfh lq idyru ri wkh wkhruhwlfdo olqn ehwzhhq sulfh sur�ohv dqg ghjuhhv ri

frpplwphqw h{sodlq wkh revhuyhg frqwudfwv1 Zh qrz orrn dw wkh g|qdplfv ri sulfhv dqg

odsvdwlrq iru wkh ydulrxv srolflhv wr whvw wkh vshfl�f lpsolfdwlrq ri wkh prgho1 Wkh prgho

suhglfwv= 41 Rswlpdo frqwudfwv lqyroyh iurqw0ordglqj +Sursrvlwlrq 5,1 51 Frqwudfwv zlwk

56Djhqwv duh iruelgghq iurp r�hulqj glvfrxqwv e| wkh dqwl0uhedwlqj vwdwxwhv/ khqfh wkh suhplxpv zh uhsruw

uh hfw dfwxdo wudqvdfwlrq sulfhv1
57Wkhvh duh wkh �upv lq fdwhjrulhv [Y/ [LY dqg [LLL ri D1P1 Ehvw udwlqjv1 Udwlqjv uh hfw �qdqfldo

vwuhqjwk dffruglqj wr D1 P1 Ehvw1 Zh fkrvh wkhvh fdwhjrulhv/ wkh wrs udwhg/ vlqfh vroyhqf| lv kljko| uhodwhg

wr wkh vl}h ri wkh �up1 Wzhqw|0rqh ri wkh �upv lq rxu vdpsoh +iru zklfk zh zhuh deoh wr �qg vdohv �jxuhv,

khog 791;( ri wkh 5/<6: eloolrq grooduv ri lq irufh idfh dprxqw ri whup lqvxudqfh lq 4<<9 +Ehvw*v Uhylhz Mxo|

4<<9,1 Zh gr qrw kdyh vdohv lqirupdwlrq iru wkh uhvw ri wkh frpsdqlhv lq rxu vdpsoh/ exw fohduo| d odujh

vkduh ri wkh pdunhw lv fryhuhg1
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kljkhu iurqw0ordglqj nhhs kljkhu sursruwlrqv ri lqvxuhgv lq wkh orqj uxq/ l1h1/ orzhu odsvdwlrq

+Sursrvlwlrq 6,1 61 Vlqfh ehwwhu ulvn w|shv kdyh kljkhu lqfhqwlyh wr odsvh dq| jlyhq frqwudfw/

kljkhu odsvdwlrq lpsolhv zruvh srrov +Sursrvlwlrqv 6,1 71 D zruvh srro wudqvodwhv lqwr kljkhu

suhvhqw ydoxh ri suhplxpv iru d �{hg shulrg ri fryhudjh +Sursrvlwlrq 6,1

714 Frqwudfw Sur�ohv

Wkh rgg froxpqv ri Wdeoh 5 vkrz wkh |hduo| suhplxpv sdlg e| d 73 |hdu rog sxufkdvlqj

fryhudjh iru kdoi d ploolrq grooduv iru 53 |hduv xqghu wkuhh gl�huhqw frqwudfwv= djjuhjdwh DUW

+froxpqv 4,/ 53 |hdu whup +froxpq 6,/ dqg V)XDUW +froxpqv 8 dqg :, xqghu wzr dowhuqdwlyh

vfhqdulrv= lq froxpq 8 wkh frqvxphu qhyhu uhtxdol�hv/ lq froxpq : kh dozd|v uhtxdol�hv158

Revhuyh wkh vxevwdqwldo gl�huhqfh lq sd|phqw sur�ohv1 E| gh�qlwlrq/ suhplxpv lq wkh 53

|hdu whup frqwudfw duh frqvwdqw lq qrplqdo whupv1 Gxh wr glvfrxqwlqj dqg djlqj/ wkh whup

frqwudfw suhvhqwv d kljk ghjuhh ri iurqw0ordglqj> wkh sd|phqwv lq wkh �uvw ihz |hduv duh pxfk

kljkhu wkdq dfwxduldoo| idlu1 Wkh �uvw sd|phqw lq wkh 53 |hdu srolf| lv pruh wkdq 83( kljkhu

wkdq lq wkh |hduo| vhohfw frqwudfw> wklv lv d orzhu erxqg rq wkh pdjqlwxgh ri iurqw0ordglqj1

Wkh lqlwldo ryhu0sd|phqw fuhdwhv wkh frqvxphu orfn0lq1 Zkhq wkh lqvxuhg uhdfkhv djh

83/ kh fdqqrw eh oxuhg e| d V)X DUW/ vlqfh wkh uhpdlqlqj suhplxpv duh orzhu lq klv

fxuuhqw orqj whup frqwudfw wkdq wkrvh kh zrxog sd| lq d V)X DUW +hyhq li kh zhuh wr nhhs

uhtxdoli|lqj dv d vhohfw fxvwrphu,1

Qrwh dovr wkdw wkh �uvw |hdu sd|phqw lq dq djjuhjdwh DUW lv doprvw 63( kljkhu wkdq lq

d vhohfw frqwudfw ghvslwh wkh idfw wkdw erwk duh |hduo| frqwudfwv1 Zh dujxh wkdw wklv uh hfwv

wkh idfw wkdw lq dq djjuhjdwh frqwudfw wkh lqvxudqfh frpsdq| lv r�hulqj d frvwo| uhqhzdo

rswlrq wr wkh frqvxphu vlqfh lw lv jrlqj wr eh h{huflvhg rqo| lq wkh hyhqw wkh frqvxphu lv qrw

dv khdowk| dv wkh dyhudjh srro1 Wklv rswlrq wr uhqhz lv dydlodeoh xqghu wkh vhohfw frqwudfw

dv zhoo exw lw lv qrw dv frvwo| vlqfh wkh frpsdq| lv jrlqj wr fkdujh gl�huhqw sulfhv wr wkh

frqvxphuv ghshqglqj rq wkhlu khdowk vwdwxv1 Wkh djjuhjdwh frqwudfw r�huv pruh lqvxudqfh

ri fodvvl�fdwlrq ulvn/ dw wkh frvw ri kljkhu lqlwldo sd|phqwv1

58Wkh qxpehuv duh dyhudjhv ryhu doo frpsdqlhv wkdw r�hu hdfk frqwudfw1
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Wdeoh= 5

Djj DUW OW53 VX DUW= QrUht VX= Uht

4 5 6 7 8 9 :

73 8<6 433 :4< 433 787 433 787

75 9;8 93 :4< 85 9:4 :7 7;<

77 ;34 84 :4< 6; ;:: :9 863

79 <83 97 :4< 5< 4/47; :5 8<;

7; 4/45< 73 :4< 54 4/7:; 9< 9;<

83 4/65: 6< :4< 4: 5/5<; ;: ;33

85 4/863 69 :4< 47 5/;6; ;9 <5:

87 4/::9 67 :4< 43 6/847 ;4 4/3;3

89 5/44; 5; :4< ; 7/55< :6 4/5:4

8; 5/8<< 5; :4< : 8/467 :5 4/853

Rgg0qxpehuhg froxpqv suhvhqw dyhudjh suhplxp lq

wkh vdpsoh sdlg dw gl�huhqw djhv e| d frqvxphu zkr ex|v

lqvxudqfh dw 731 Hyhq froxpqv suhvhqw wkh suhplxp ryhu

ghdwk suredelolw| udwlrv1

715 Iurqw0ordglqj

Dv dujxhg deryh/ ohyho suhplxp frqwudfwv fohduo| lqyroyh iurqw0ordglqj1 Zh qrz dujxh wkdw

hyhq DUWv duh iurqw0ordghg1 Wr fkhfn wklv/ lq wkh hyhq froxpqv ri Wdeoh 5 zh uhsruw wkh

udwlr ri |hduo| suhplxp ryhu wkh suredelolw| ri ghdwk> wkh udwlr zdv qrupdol}hg wr htxdo

433 dw djh 73159 Wklv udwlr vkrxog eh frqvwdqw devhqw iurqw0ordglqj1 Lq frqwudvw/ wkh udwlr

ghfolqhv ryhu wlph1 Iru h{dpsoh/ iru d 73 |hdu rog dqg dq djjuhjdwh DUW srolf| wkh udwlr

kdoyhv zlwklq 7 |hduv/ dqg lw nhhsv ghfolqlqj wr zhoo ehorz d wklug ri lwv lqlwldo ohyho1 Khqfh/

frqwudfwv gr qrw euhdn0hyhq shulrg e| shulrg1 Wklv lv lq olqh zlwk rxu prgho*v suhglfwlrqv/

dqg lq frqwudvw zlwk wkh suhglfwlrqv ri d prgho ri qr frpplwphqw1

Pruh vxusulvlqjo|/ hyhq V)X DUWv/ zklfk duh vwdwh frqwlqjhqw frqwudfwv/ dq reylrxv fdq0

glgdwh iru lqyroylqj qr orqj whup frpsrqhqwv/ lqyroyh vrph ghjuhh ri iurqw0ordglqj1 Froxpq

59Wkh ghdwk suredelolwlhv wkdw zh xvhg iru wdeoh 5 duh wkh rqhv iru wkh jhqhudo srsxodwlrq1 Wklv xqghuvwdwhv

wkh h{whqw ri iurqw0ordglqj iru DUWv vlqfh wkhvh frqwudfwv rqo| uhwdlq wkrvh frqvxphuv zkr duh lq d zruvh

vwdwh ri khdowk1 Rqh fdyhdw frqfhuqv wkh wuhqg ri ghfuhdvhg pruwdolw|1 Wkh pruwdolw| wdeohv wkdw zh kdyh uhihu

wr sdvw srsxodwlrqv zkhuhdv wkh frqwudfwv suhvxpdeo| uh hfw d ghfolqh lq pruwdolw|1 Krzhyhu/ wkh ghfolqhv

lq wkh udwlrv wkdw zh revhuyh lq wdeoh 5 duh wrr surqrxqfhg wr eh h{sodlqhg e| d jhqhudo lpsuryhphqw lq

pruwdolw|1
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9 frq�upv wklv1 Li suhplxpv uh hfwhg wkh zruvw srvvleoh gudzv wkh udwlr vkrxog lqfuhdvh ryhu

wlph vlqfh wkh ghqrplqdwru uh hfwv wkh hqwluh srsxodwlrq dqg wkh qxphudwru wkh zruvhqlqj

srro lq wkh frqwudfw1 Lq frqwudvw/ wkh udwlr plogo| ghfolqhv1 Ixuwkhupruh/ wkh gl�huhqfh lq

suhplxpv ehwzhhq uhtxdoli|lqj dqg qrw uhtxdoli|lqj +froxpqv 8 yv1 :, vhhpv wrr vpdoo wr

vxjjhvw wkh frpsohwh udwfkhwlqj ri jrrg khdowk w|shv wkdw zrxog eh suhglfwhg e| vkruw whup

frqwudfwv15:

Dqrwkhu slhfh ri hylghqfh wkdw DUWv lqyroyh iurqw0ordglqj/ lv wkdw uhqhzdelolw| rswlrqv

duh frvwo|1 Vrph frqwudfwv r�hu orqjhu shulrgv ri jxdudqwhhg uhqhzdelolw| wkdq rwkhuv1 Li

wkhvh frqwudfwv eurnh hyhq shulrg e| shulrg/ wkhq wkh rswlrq ri uhqhzlqj d frqwudfw dq h{wud

|hdu zrxog eh frvwohvv wr wkh lqvxuhu dqg xqghu frpshwlwlrq zrxog eh r�huhg iru iuhh1 Lq

frqwudvw/ wkh rswlrq wr uhqhz d frqwudfw lv sulfhg1 Zh frpsduhg dq DUW uhqhzdeoh iru

43 |hduv +Whup 43 e| QZ Pxwxdo, zlwk dqrwkhu uhqhzdeoh wr djh ri :3 +Whup :3 e| QZ

Pxwxdo,1 Wkh rswlrq wr uhqhz diwhu 43 |hduv pdnhv wkh suhvhqw ydoxh ri wkh frvw ri wkh 43

|hduv ri lqvxudqfh +xqghu wkh vhfrqg frqwudfw, 43( kljkhu iru d 68 |hdu rog lqglylgxdo/ zkloh

68( pruh h{shqvlyh iru d 83 |hdu rog1 Khqfh/ wkh uhqhzdelolw| rswlrq lv= �uvw/ sulfhg/ dqg

vhfrqg/ sulfhg kljkhu zkhq pruh frvwo| wr surylgh1 Li zh orrn ryhu wlph/ wkh �uvw suhplxp

sdlg e| wkh 83 |hdu rog lv rqo| 48( kljkhu xqghu wkh orqjhu frqwudfw/ exw 7;(pruh h{shqvlyh

lq wkh odvw uhqhzdeoh shulrg +dw djh 8<,1 Wklv lv frqvlvwhqw zlwk wkh lghd wkdw d orw pruh

lqirupdwlrq derxw khdowk vwdwxv lv uhyhdohg odwhu rq lq olih1

Lq vxp/ doo wkh dydlodeoh frqwudfwv lqyroyh iurqw0ordglqj olnh wkh rswlpdo frqwudfwv lq Vhf0

wlrq 5 +Sursrvlwlrq 5, dqg lq vkdus frqwudvw zlwk zkdw zrxog eh h{shfwhg lq dq hqylurqphqw

zlwk qr frpplwphqw zkhuh rqo| vkruw whup frqwudfwv zrxog eh revhuyhg1

716 Wkh Qhjdwlyh Uhodwlrq Ehwzhhq Iurqw0ordglqj dqg wkh Suhvhqw

Ydoxh ri Suhplxpv

Wkh suhylrxv vxevhfwlrq vkrzhg wkdw frqwudfwv gl�hu lq wkh h{whqw ri iurqw0ordglqj1 Zh qrz

vkrz wkdw wkhvh frqwudfwv dovr gl�hu d orw lq wkh suhvhqw ydoxh ri suhplxpv1 Pruhryhu/ zh

vkrz wkdw wkhuh lv d v|vwhpdwlf uhodwlrq ehwzhhq suhvhqw ydoxhv dqg suhplxp sur�ohv dorqj

wkh olqhv ri Sursrvlwlrq 61

Dq h|hedoo frpsdulvrq ri h{lvwlqj frqwudfwv1 Wdeoh 6 vkrzv wkh suhvhqw ydoxh ri

53 |hduv ri fryhudjh +wkh frvw wr d frqvxphu ri kroglqj wkh srolf| iru wkdw orqj, vwduwlqj dw

5:Frpsohwh udwfkhwlqj zrxog rqo| ohdyh lq wkh srro wkh zruvw ulvnv/ h1j1/ whuplqdoo| loo sdwlhqwv1

4:



gl�huhqw djhv15; Zh xvh dq ;( lqwhuhvw udwh lq frpsxwlqj suhvhqw ydoxhv15< Frpsdulqj wkh

�uvw dqg odvw froxpqv lw lv lpphgldwh wr vhh wkdw d 53 |hdu whup frqwudfw/ zklfk lv pruh

iurqw0ordghg/ lv fkhdshu wkdq djjuhjdwh DUWv wkh V)X DUWv xqghu wkh dvvxpswlrq ri qr

uhtxdol�fdwlrq1 Pruhryhu/ djjuhjdwh frqwudfwv zklfk duh vwhhshu wkdq ohyho rqhv exw  dwwhu

wkdq V)X idoo lq ehwzhhq wkhlu suhvhqw ydoxhv1 Wklv frq�upv wkh uhodwlrq ehwzhhq wkh srro

ri w|shv dqg iurqw0ordglqj suhglfwhg lq Sursrvlwlrq 61

Wdeoh= 6

DUW V)X DUW OW43 OW43 OW53

Djj QrUht Uht QrUht Uht

63 9/49: </;53 7/:49 43/835 7/986 8/3<6

68 ;/5;4 45/87; 8/:5< 47/493 8/955 8/8:<

73 45/4;9 4;/88; :/9<: 54/6:: :/<68 :/953

78 4</333 5;/:<4 44/59; 66/936 44/797 44/947

83 64/395 78/797 4:/<4: 87/4;9 4:/6;8 4:/;7<

Suhvhqw ydoxh ri 53 |hduv ri fryhudjh vwduwlqj dw wkh

vshfl�hg djhv/ iru gl�huhqw frqwudfwv/ xvlqj u@;(1

Pruhryhu/ wkh shufhqwdjh jdlqv iurp frpplwphqw lqfuhdvh lq djh1 Vdylqjv duh rqo| 53(

iru d 63 |hdu rog/ exw d 83 |hdu rog jdlqv doprvw :3(1 Wkhvh qxpehuv duh frqvlvwhqw zlwk

wkh wkhru|/ vlqfh wkh ohduqlqj derxw khdowk vwdwh lqfuhdvhv lq djh/ prvw jdlqv iurp srrolqj

duh olnho| wr rffxu dw odwhu djhv1

D vwulnlqj ihdwxuh ri wkh qxpehuv suhvhqwhg lq Wdeoh 6 lv krz forvh wkh 53 |hdu frqwudfw

frphv wr wkh uhtxdoli|lqj V)X DUW dqg wkh uhtxdoli|lqj 43 |hdu frqwudfw1 Wkh odwwhu duh

ryhu0rswlplvwlf ehqfkpdunv wr hydoxdwh wkh frvw ri lqvxulqj wkh zkroh srro/ vlqfh lw lv edvhg

rq d vhtxhqfh ri jrrg gudzv udwkhu wkhq rq wkh zkroh srro1 Wklv ohdgv xv wr frqfoxgh wkdw

prvw ri wkh dwwdlqdeoh jdlqv iurp frpplwphqw duh dfklhyhg e| orqj whup ohyho0suhplxp

frqwudfwv1

Iljxuhv 6 dqg 7 suhvhqw judsklfdoo| vlplodu qxpehuv wr wkrvh lq Wdeoh 61 Iljxuh 6 suhvhqwv

dq OW53 frpsduhg wr qrq0uhtxdoli|lqj frqwudfwv/ zkloh Iljxuh 7 frpsduhv OW53 wr uhtxdo0

li|lqj frqwudfwv1 Lw frq�up wkh uhodwlrq ehwzhhq iurqw0ordglqj dqg ulvn srrov1 Djjuhjdwh

frqwudfwv idoo ehwzhhq uhtxdoli|lqj dqg qrq0uhtxdoli|lqj frqwudfwv/ zkloh OW53 frvwv duh dv

5;Wkh qxpehuv duh dyhudjhv ryhu doo frpsdqlhv wkdw r�hu hdfk vshfl�f frqwudfw1
5<Zh sxusrvho| fkrvh d kljk lqwhuhvw udwh iru wzr uhdvrqv= Iluvw/ wr dffrxqw iru wlph suhihuhqfh dqg iru

wkh suredelolw| ri vxuylylqj wr d vshfl�f gdwh1 Vhfrqg/ wr eh rq wkh vdih vlgh/ vlqfh/ dv zloo ehfrph fohdu/

uhvxowv duh uhlqirufhg li wkh lqwhuhvw udwh lv orzhu1 Zh h{shulphqwhg zlwk rwkhu lqwhuhvw udwhv dqg txdolwdwlyh

uhvxowv duh xqfkdqjhg1
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Iljxuh 6=

orz dv uhtxdoli|lqj rqhv1

D V|vwhpdwlf Frpsdulvrq ri Frqwudfwv1 Zh qrz orrn pruh v|vwhpdwlfdoo| dw wkh

frvw gl�huhqfhv dfurvv frqwudfw sur�ohv1 Wdeoh 7 suhvhqwv uhjuhvvlrqv ri wkh orj ri wkh suhvhqw

ydoxh ri 53 |hduv ri fryhudjh rq djh/ frqwudfw gxpplhv/ frqwudfw gxpplhv lqwhudfwhg zlwk

djh dqg rwkhu srolf| fkdudfwhulvwlfv1 Wkhvh srolf| fkdudfwhulvwlfv lqfoxgh= iru krz pdq|

|hduv wkh srolf| lv uhqhzdeoh/ iru krz pdq| |hduv wkh srolf| lv frqyhuwleoh wr rwkhu w|shv ri

lqvxudqfh +olnh zkroh olih,/ dqg rwkhu vshfldo ihdwxuhv vxfk dv zkhwkhu wkh srolf| lv r�huhg wr

vshfl�f surihvvlrqv1 Wkh xqlw ri revhuydwlrq lv d srolf|2djh1 Iru hyhu| srolf| zh frpsxwh wkh

suhvhqw ydoxh ri 53 |hduv ri fryhudjh vwduwlqj dw 63 wkurxjk 83 |hduv rog1 Zh rplw wkh DUW

V)X uhtxdoli| gxpp|/ khqfh doo wkh gxpplhv zloo eh phdvxulqj frvw gl�huhqwldov uhodwlyh wr

lqglylgxdov oxfn| hqrxjk wr uhtxdoli| lq wkhlu DUWv hyhu| |hdu1
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Iljxuh 7=

Wdeoh 7

orj+SY, orj+SY,

urexvw0w urexvw0w

Frqvw +UhtVX, ;134 46913 ;1:< 8316

OW53 3139 419: 3136 3173

OW43 Uht 3134 3165 3138 31:3

OW8 Uht 314; 7198 3155 5169

DjjDUW 3167 ;144 3183 7155

OW43 QruUht 31:: 471;; 31;; 9195

OW8 QruUht 3184 44135 3196 8199

DUW VX Qruht 31:8 55149 31;< 44167

Djh 313: 63168 0 0

Djh-OW53 01334 03165 0 0

Djh-OW43 Uht 1334 3185 0 0

Djh-OW8 Uht 1334 3178 0 0

Djh-DjjDUW 31346 61;3 0 0

Djh-OW43 QUt 31345 5179 0 0

Djh-OW8 QUht 31345 6133 0 0

Djh-QruUhtVX 31345 7154 0 0

Uhqhzdyde 31337 717: 1337 31<9

Frqyhuwle 01335 06159 013335 031:3
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Wkh uhvxowv frq�up wkh qxpehuv suhvhqwhg lq wkh suhylrxv wdeohv1 Wkh �uvw vhw ri :

frh!flhqwv duh wkrvh rq frqwudfw gxpplhv/ wkh qh{w ; frh!flhqwv duh wkrvh rq djh dqg

lqwhudfwlrqv ehwzhhq frqwudfw dqg djh1 Wkh iruphu uhsuhvhqw wkh gl�huhqfhv dfurvv frqwudfwv

iru wkh edvh djh +63 |hdu rog ex|huv,/ zkloh wkh odwwhu fdswxuh wkh vorsh ri wkh frvw ri gl�huhqw

frqwudfwv dv d ixqfwlrq ri djh1

Wkh prvw iurqw0ordghg frqwudfw/ wkh 530|hdu ohyho whup/ lv rqh ri wkh fkhdshvw1 Lw lv

lqwhuhvwlqj wr qrwlfh krz forvh wklv 530|hdu frqwudfw lv wr wkh 8 ru 430|hdu frqwudfwv xqghu

wkh uhtxdoli|lqj dvvxpswlrq1 Lw phdqv wkdw hyhq wkh oxfn| ex|huv ri d 43 |hdu frqwudfw gr qrw

gr pxfk ehwwhu wkdq e| orfnlqj lqwr d 53 |hdu frqwudfw/ exw wkh| vx�hu wkh uhfodvvl�fdwlrq

ulvn +vhh wkh frh!flhqw ri wkh 43 |hdu frqwudfw zlwkrxw uhtxdoli|lqj,163

Wkh hvwlpdwh vkrz wkdw wkh 530|hdu ohyho frqwudfw kdv d suhvhqw ydoxh dssur{lpdwho|

9( kljkhu wkdq wkh uhtxdol�huv* lq d V)X164 Wklv vxjjhvwv= �uvw/ wkdw wkh ohyho frqwudfw lv

yhu| forvh wr dfklhylqj frqvxphu frpplwphqw/ dv wkhuh lv yhu| olwwoh urrp wr lpsuryh rq

wkh khdowk srro nhsw xqghu wklv frqwudfw1 Lq rwkhu zrugv/ qr pxfk udwfkhwlqj fdq eh wdnlqj

sodfh jlyhq wkh orz jds lq frvwv1 Vhfrqg/ qrq0uhtxdol�fdwlrq kdsshqv zlwk orz suredelolw|>

rwkhuzlvh wkh jds ehwzhhq wkh ohyho frqwudfw dqg wkh uhtxdoli|lqj V)X DUW zrxog eh zlghu

hyhq li wkh orqjhu frqwudfw nhsw wkh zkroh srro ri lqglylgxdov1 Uhfodvvl�fdwlrq ulvn vhhpv wr

eh prvwo| ryhufrph e| orfnlqj0lqwr orqj whup ohyho0suhplxp frqwudfwv1

Djjuhjdwh frqwudfwv duh ohvv iurqw0ordghg wkdq d ohyho frqwudfw/ exw duh qrq0vwdwh frq0

wlqjhqw/ khqfh rqh zrxog h{shfw wkhp wr olh ehwzhhq wkh uhtxdoli|lqj dqg qrq0uhtxdoli|lqj

frqwudfwv/ dqg wkh| duh1 Wkh odvw wzr froxpqv vkrz uhvxowv iru djh 73 rqo|1 Txdolwdwlyh

uhvxowv duh xqfkdqjhg/ vkrzlqj wkdw uhvxowv duh qrw gulyhq e| gl�huhqfhv dfurvv djhv1

Frqwudfw Vorshv +iurqw0ordglqj, dqg Suhvhqw Ydoxhv Rqh zd| ri frpsdulqj gl�huhqw

w|shv ri frqwudfwv lv e| orrnlqj dw frqwudfw gxpplhv iurp wkh suhylrxv wdeoh1 Dq dowhuqdwlyh

zd| lv wr uhodwh vorshv dqg suhplxpv pruh gluhfwo|1 Wr gr wklv/ zh sur{| wkh vorsh ri wkh

suhplxp sur�oh e| wkh udwlr ri wkh �uvw ryhu wkh 44wk suhplxp/ T+4vw,2T+44wk,1 Wdeoh 8

vkrzv edvlf vwdwlvwlfv iru 73 |hduv rog srolf| kroghuv1 Qrwh wkh zlgh udqjh ri erwk vorshv dqg

suhvhqw ydoxhv1

D kljkhu T+4vw,2T+44wk, udwlr phdqv pruh lv sdlg xs0iurqw1 Dffruglqj wr wkh prgho zh

h{shfw frqwudfwv zlwk d kljkhu T+4vw,2T+44wk, udwlr wr nhhs d ehwwhu srro ri srolf| kroghuv/

khqfh d orzhu frvw ri lqvxudqfh1 Zh zdqw wr fkhfn krz pxfk ri wkh yduldelolw| lq suhvhqw

63Uhfdoo wkdw gl�huhqw frqwudfwv dsshdo wr lqglylgxdov zlwk gl�huhqw lqfrph sur�ohv/ l1h1/ lw lv qrw wkh fdvh

wkdw vrph ri wkh frqwudfwv duh grplqdwhg1
64Wkh ghshqghqw yduldeoh lv lq orjv/ iru vpdoo frh!flhqwv wkh hvwlpdwhv uhsuhvhqw shufhqwxdo fkdqjhv1
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ydoxhv lv h{sodlqhg e| frqwudfw vorshv1

Wdeoh 8

Phdq Vwg Gly Plq Pd{

T+4vw,2T+44wk, 3175 3164 3137 4133

SY 48/::< ;/6:9 9/377 96/;3:

oq+SY, <189 3179 ;1:4 44139

Wkh �uvw froxpq ri Wdeoh 9 suhvhqwv wkh uhjuhvvlrq ri wkh orj ri wkh suhvhqw ydoxh ri

wkh suhplxpv rq wkh T+4vw,2T+44wk, udwlr dqg rwkhu frqwudfw fkdudfwhulvwlfv1 Wkh iurqw0

ordglqj yduldeoh lv kljko| vljql�fdqw> lw dfwxdoo| h{sodlqv prvw ri wkh yduldelolw| lq suhplxpv

+h{foxglqj lw iurp wkh uhjuhvvlrq gursv wkh U2 iurp :6( wr 619(/ vhh froxpq 5,1 Wkh wklug

froxpq suhvhqwv d vlplodu uhjuhvvlrq diwhu rplwwlqj wkh wzhqw| |hdu frqwudfw iurp wkh vdpsoh1

Zh gr vr wr fkhfn zkhwkhu wkhvh frqwudfwv/ zklfk kdyh qr yduldelolw| lq T+4vw,2T+44wk,/ zhuh

uhvsrqvleoh iru wkh qhjdwlyh uhodwlrq ehwzhhq suhplxpv dqg vorsh1 Wkh qhjdwlyh uhodwlrq lv

vwloo vwurqj dprqj wkh uhvw ri wkh frqwudfwv dv zhoo1 Froxpqv 7 dqg 8 uhshdw wkh h{huflvh iru

d vdpsoh ri 8 dqg 43 qrquhtxdoli|lqj frqwudfwv dqg iru djjuhjdwh DUWv uhvshfwlyho|1 Wkh

qhjdwlyh uhodwlrq lv frq�uphg1

Wkh vl{wk froxpq suhvhqwv d vlplodu uhjuhvvlrq iru uhtxdoli|lqj frqwudfwv1 Wkh wkhru|

suhglfwv qr uhodwlrq ehwzhhq frvwv dqg vorsh iru wklv frqwudfwv vlqfh T+44wk, mxvw uh hfwv wkh

xqghuzulwlqj vwulqjhqf|/ qrw wkh txdolw| ri wkh uhpdlqlqj srro1 Zh suhvhqw wklv uhjuhvvlrq dv

d frqwuro/ wr pdnh vxuh wkhuh lv qrwklqj lqwulqvlf wr suhplxpv fuhdwlqj wkh qhjdwlyh uhodwlrq

mxvw uhsruwhg1 Zh �qg qr vwdwlvwlfdoo| vljql�fdqw uhodwlrq1
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Wdeoh 9

orj+SY,

+4, +5, +6, +7, +8, +9,

T+4vw,2T+44wk, 04157 � 0515; 05169 07194 3194

+04515<, � +0;153, +0918<, +05193, +4193,

Uhqhz 1337 3134 1334 031337 31336 3133

+4135, +4176, +3147, +03187, +316:, 3133

Frqyhuw 1336 13334 01338 031337 31336 03134

+3197, +3144, +031<3, +03186, +314<, +04178,

Vshf Uhvwu 3137 3136 0313: 03139 � 03139

+315;, +3144, +0317;, +03178, � +03183,

Frqvwdqw <1<9 <15< 43168 4317: 44176 ;1<3

+;:15, +7<1:8, +981<, +7;159, 4616< 78147

U2 :519 619 9718 891: 7818 4718

Q 98 98 86 73 46 6;

Vdpsoh lqfoxghv 73 |hdu rog lqglylgxdov/ w0vwdwlvwlf lq sduhqwkhvlv1

717 Iurqw0ordglqj dqg Odsvdwlrq

Wkh uroh ri iurqw0ordglqj dv d ghylfh wr surylgh pruh lqvxudqfh ghshqgv rq orfnlqj0lq frq0

vxphuv1 Dffruglqj wr wkh wkhru|/ wkh irufh wkdw jhqhudwhv orzhu frvw iru pruh iurqw0ordghg

frqwudfwv lqyroyhv pruh khdowk uhodwhg odsvdwlrq iru ohvv iurqw0ordghg frqwudfwv1

Wdeoh : suhvhqwv odsvdwlrq �jxuhv/ iurp OLPUD +Olih Lqvxudqfh Pdunhwlqj Uhvhdufk

Dvvrfldwlrq/ Lqf1, +4<<9,/ iru DUWv yhuvxv +orqjhu, Whup frqwudfwv1 Uhfdoo wkdw DUWv duh

ohvv iurqw0ordghg wkdq orqjhu whup frqwudfwv1 Wklv gdwd lv qrw lghdo vlqfh lw grhv qrw surylgh

d frpsohwh euhdn grzq ri odsvdwlrq e| w|sh ri frqwudfw1 Lw rqo| doorzv xv wr frqwudvw DUWv

zlwk whup frqwudfwv ri orqjhu ohqjwk +lqfoxghv 6 wr 63 |hdu ohyho frqwudfwv,1 Xqiruwxqdwho|/

zh gr qrw kdyh gdwd wkdw surylghv d pruh ghwdlohg euhdn0grzq ri odsvdwlrq �jxuhv1

Wkh �uvw wzr froxpqv suhvhqw odsvdwlrq dv d shufhqw ri idfh dprxqw1 Lw frq�upv Sursrvl0

wlrq 51 Dvlgh iurp wkh �uvw |hdu ri wkh frqwudfw/ zkhuh qrw pxfk orfn0lq kdv rffxuuhg/ orqjhu

frqwudfwv kdyh orzhu odsvdwlrq/ dqg d vwhhshu ghfolqh ryhu wlph1 D vlplodu slfwxuh dsshduv lq

wkh qh{w wzr froxpqv/ wkdw uhsruw odsvdwlrq dv d shufhqw ri wkh qxpehu ri srolflhv1

Wkh vhfrqg sduw ri wkh wdeoh vhsdudwhv odsvdwlrq e| djh jurxsv1 Pruh khdowk uhodwhg

lqirupdwlrq uhyhodwlrq lv olnho| wr rffxu lq wkh 7308< djh0jurxsv wkdq lq wkh 5306<1 Zh �qg/

dv zh zrxog h{shfw/ wkdw wkh gl�huhqfh lq odsvdwlrq ehwzhhq DUW dqg Whup lv eljjhu iru wkh
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roghu jurxs/ qdpho|/ zkhq prvw ri wkh ohduqlqj wdnhv sodfh1

Wdeoh :

( ri IdfhDpqw ( ri srolflhv ( ri Idfh Dprxqw

DUW Whup DUW Whup DUW Whup DUW Whup

Frqwudfw \hdu Djhv 5306< Djhv 7308<

4 441; 4715 4813 5415 4716 4;15 4717 431;

5 4714 4417 471; 4714 4816 4615 4917 <18

608 4617 ;13 4517 :17 4518 :17 4915 917

9043 4314 813 <17 815 <148 814 4714 718

44. :13 61< 918 61; :13 7138 <1; 61<

Gdwd Vrxufh= OLPUD*v Orqj Whup Ruglqdu| Odsvh Vxuyh| � Xqlwhg Vwdwhv +4<<9,1

8 Lqfrph Sur�ohv

Rqh ri wkh lpsolfdwlrqv ri wkh prgho wkdw zh kdyh qrw |hw h{soruhg hpslulfdoo| lv wkh frp0

sdudwlyh vwdwlfv zlwk uhvshfw wr wkh lqfrph vorshv1 Wklv fdqqrw eh grqh gluhfwo| zlwk wkh

dydlodeoh gdwd1 Krzhyhu/ wkhuh lv gdwd wkdw fdq eh xvhg iru wklv lvvxh li wkh prgho lv h{whqghg

wr pruh shulrgv1 Wklv lv wkh OLPUD Ex|huv* vwxg|1 Wkh ex|hu*v vwxg| lv d vxuyh| ri wkh

srolflhv wkdw zhuh uhfhqwo| lvvxhg e| phpehuv ri OLPUD1 Wkh xqltxh ihdwxuh ri wklv gdwd vhw

lv wkdw lw frqwdlqv lqirupdwlrq rq wkh w|sh ri olih lqvxudqfh srolf| sxufkdvhg e| wkh gl�huhqw

lqglylgxdov1

H{whqglqj wkh prgho lv vwudljkwiruzdug exw qrwdwlrqdoo| lqwhqvlyh1 Wkxv/ zh rqo| suhvhqw

wkh lqwxlwlrq1 Zh fdq wklqn ri wkh �uvw shulrg ghdwk suredelolw| dv R�� c wkdw lv/ dv wkh lqkhulwhg

khdowk vwdwxv/ lqgh{hg e| �1 Iru hyhu| w|sh � dw shulrg 4 wkhuh lv d frqwlqxdwlrq htxloleulxp

lghqwlfdo wr wkh rqh zh fkdudfwhul}hg lq vhfwlrq 5/ iru R ' R�� � Dw wlph 3/ frqwudfwv lqfrusrudwh

wkh vxevhtxhqw frqwudfwv jhqhudwhg e| hdfk R�� 1 Lw hdv| wr vhh wkdw orqjhu frqwudfwv lqyroyh wkh

vdph wudgh0r� ehwzhhq lqfrph doorfdwlrq dqg uhfodvvl�fdwlrq ulvn1 Wkh h{whqvlrq hqdeohv xv

wr wklqn derxw gl�huhqw lqfrph vorshv dw gl�huhqw vwdjhv1 Iru lqvwdqfh/ zrunhuv zlwk kljkhu

hgxfdwlrq h{shfw lqfrph lqfuhdvhv hduo| lq olih/ iroorzhg e| d  dwwhu lqfrph sdwk1 Lq frqwudvw/

eoxh froodu zrunhuv idfh d  dwwhu sur�oh doo wkh zd|1

Wklv h{whqvlrq vxjjhvwv d whvw ri wkh prgho wkdw xvhv d frpsdulvrq ri wkh h{whqw ri

frqwudfw iurqw0ordglqj fkrvhq e| lqglylgxdov dw gl�huhqw vwdjhv lq olih/ ru e| lqglylgxdov zlwk

gl�huhqw lqfrph sur�ohv1 Iru wkh srsxodwlrq dv d zkroh/ zh h{shfw dq lqfuhdvh lq iurqw0

ordglqj +dv lqfrph ulvhv dqg wkhq  dwwhqv,1 Zh dovr h{shfw wkdw/ wkh vwhhshu wkh lqfrph

jurzwk lq hduo| vwdjhv/ wkh pruh surqrxqfhg wkh gl�huhqfh ehwzhhq hduo| dqg odwhu frqwudfwv1
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Wklv vxjjhvwv grfwruv dqg odz|huv/ iru zkrp lqfrph jurzwk lv vwhhshu hduo| lq wkhlu olyhv/

vkrxog h{shulhqfh wkh odujhvw pryh wrzdugv iurqw0ordghg frqwudfwv ryhu wlph1 Lq frqwudvw/

iurqw0ordglqj lv qrw h{shfwhg wr fkdqjh li hlwkhu wkh lqglylgxdo grhv qrw wr h{shfw lqfrph

lqfuhdvhv ru li wkh lqglylgxdo kdv dffhvv wr fdslwdo iurp hduo| vwdjhv lq olih1

Zh xvh wkh OLPUD Ex|huv Vwxg| wr whvw wkhvh suhglfwlrqv1 Wkh Ex|huv Vwxg| lv d

vxuyh| ri uhfhqwo| lvvxhg srolflhv e| wkh pdlq phpehuv ri OLPUD1 Dowkrxjk qrw lghdo iru

rxu sxusrvhv +dv lw grhv qrw iroorz d vshfl�f ex|hu ryhu wlph dqg wkh vdpsoh lv qrw wkh

vwrfn ri kroghuv exw wkh  rz ri ex|huv, wkh Ex|hu*v vwxg| kdv d yhu| lpsruwdqw slhfh ri

lqirupdwlrq1 Lw uhsruwv wkh w|sh ri olih lqvxudqfh frqwudfw sxufkdvhg/ l1h1= DUW/ OW53/ hwf165

Wkh srsxodwlrq dv d zkroh vkrzv d pryh wrzdugv pruh iurqw0ordghg frqwudfwv diwhu wkh

djh ri 73 +vhh Wdeoh ;,1 Wklv fdq eh vhhq e| frpsdulqj wkh �Phdq� zklfk lv wkh phdq

fdwhjru|/ frpsxwhg e| gh�qlqj DUW dv 4/ OW8 dv 5/ OW43 dv d 6/ OW48 dv d 7/ dqg OW53

dv d 8166 Ixuwkhupruh/ wkh vhfrqg froxpq �uvw rughu vwrfkdvwlfdoo| grplqdwhv wkh �uvw1 Wkh

�2 whvw +uhsruwhg lq wkh odvw urz, uhmhfwv wkh qxoo wkdw wkh wzr froxpqv uhsuhvhqw wkh vdph

sursruwlrqv1

Wkh vhfrqg sduw ri wkh h{huflvh lqyroyhv d frpsdulvrq ri wkh frqwudfwv fkrvhq e| frq0

vxphuv lq gl�huhqw surihvvlrqv1

OLPUD fodvvl�hv hdfk whup lqvxudqfh ex|hu lqwr rqh ri <8 surihvvlrqv/ prvw ri wkhp

suhvhqw rqo| d ihz revhuydwlrqv1 Zh fkrvh grfwruv +eurdgo| gh�qhg, dqg pdqdjhuv dv dq

h{dpsoh ri vwhhs lqfrph lq hduo| vwdjhv/ iroorzhg e| d  dwwhu shulrg1 Zh fkrvh eoxh froodu

zrunhuv +oderuhuv, dv d fdvh ri vwdeoh olihwlph lqfrph> wklv vkrxog wudqvodwh lqwr vpdoo ru qr

fkdqjhv wrzdug iurqw0ordglqj ryhu wlph167

65Zh uhvwulfw wr pdoh ex|huv dv wkhlu lqfrph sur�oh lv pruh olnho| wr ghwhuplqh wkh krxvhkrog*v pdlq vrxufh

ri lqfrph1

66Wklv lv mxvw d zd| wr wudqvodwh fdwhjrulfdo gdwd lqwr d vlqjoh lqgh{/ lq vslwh ri wkh fdwhjrulhv qrw kdylqj

d zhoo gh�qhg fduglqdo uhodwlrq1 Dowhuqdwlyh vshfl�fdwlrqv zrxog jlyh vlplodu uhvxowv1
67Zh frq�uphg wkh vwhhsqhvv ri lqfrph sur�ohv ri grfwruv/ pdqdjhuv dqg oderuhuv xvlqj wkh lqfrph

uhsruwhg e| hdfk surihvvlrq e| djh1 Dowkrxjk wkhuh lv d yhu| orz qxpehu ri uhvsrqghqwv zkr uhsruw lqfrph/

wkh dydlodeoh �jxuhv duh= lqfrph deryh 73 lv kljkhu wkdq lqfrph ehorz 68 iru doo jurxsv/ 59<( iru grfwruv/

586( iru pdqdjhuv/ 53<( iru exvlqhvv rzqhuv dqg rqo| 49( iru oderuhuv1

58



Wdeoh ;

Zkroh Vdpsoh

Djh�68 Djh�73

DUW 5:1< 4;15

OW8 6915 6316

OW43 5314 5915

OW48 617 431<

OW53 4517 4716

Phdq 5169 51:6

Rev1 5:7: 5983

�2 93:19

Vkduh ri frqwudfwv e| w|sh1

Zh orrn dw exvlqhvv rzqhuv ehfdxvh wkh| suhvxpdeo| kdyh hdvlhu dffhvv wr fdslwdo/ khqfh

vkrxog eh iurqw0ordghg vwduwlqj lq wkh hduo| shulrgv168

Lq Wdeoh < zh suhvhqw wkh vkduhv ri gl�huhqw w|shv ri frqwudfwv e| surihvvlrq dqg djh169

Frpsdulqj phdqv zh vhh wkdw grfwruv duh wkh surihvvlrq wkdw pryhv wkh prvw wr iurqw0

ordglqj ryhu wlph/ zkloh oderuhuv pryhv wkh ohdvw1 Wklv lv frqvlvwhqw zlwk grfwruv h{shfwlqj

wkh vwhhshvw lqfrph lqfuhdvh lq wkh hduo| shulrg dqg oderuhuv h{shfwlqj wkh orzhvw lqfrph

lqfuhdvh1 Wkh �2 whvw frpsduhv hdfk jurxs wr wkh vdph djh iru wkh zkroh vdpsoh16:

Lqwhuhvwlqjo|/ wkh prvw iurqw0ordghg lq wkh hduo| shulrg duh exvlqhvv rzqhuv zkr suhvxp0

deo| kdyh dffhvv wr fdslwdo lq wkh hduo| shulrg1 Pdqdjhuv vkrz d voljkwo| odujhu pryh wrzdug

iurqw0ordglqj wkdq wkh zkroh vdpsoh1

68Gxh wr wkh orz qxpehu ri revhuydwlrqv shu fodvvl�fdwlrq zh djjuhjdwhg vrph surihvvlrqv1 Grfwruv

lqfoxgh= Sk|vlfldqv/ ghqwlvwv/ dufklwhfwv/ odz|huv/ mxgjhv/ vflhqwlvwv/ skdupdflvwv/ yhwhulqduldqv dqg hqjlqhhuv1

Pdqdjhuv lqfoxgh jryhuqphqw r!fldov/ uhwdlo/ pdqxidfwxulqj/ vfkrro dqg xwlolw| pdqdjhuv1 Oderuhu lv d yhu|

eurdg fodvv lqfoxglqj prvw eoxh froodu zrunhuv1
69D srwhqwldo frqfhuq lv wkdw gl�huhqw surihvvlrq kdyh gl�huhqw dffhvv wr olih lqvxudqfh/ srvvleo| wkurxjk

sodqv r�huhg lq wkh zrunsodfh1 Li wkdw zdv wkh fdvh/ iru vrph surihvvlrqv wkh qxpehuv zh uhsruw pd|

rqo| uh hfw vxssohphqwdu| fryhudjh/ srwhqwldoo| zlwk gl�huhqw fkdudfwhulvwlfv1 Dowkrxjk zh fdqqrw uxoh wklv

frqfhuq rxw/ wkh udwlr ri fryhudjh ryhu lqfrph lv yhu| vlplodu dfurvv surihvvlrq/ dqg durxqg 8/ vxjjhvwlqj

wkdw sxufkdvhv uhsruwhg lq OLPUD duh olnho| wr eh wkh pdlq vrxufh ri lqvxudqfh1
6:Wkh fulwlfdo ydoxh wr uhmhfw lqghshqghqfh dw wkh 8( ohyho lv <17<1
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Wdeoh <

Grfwruv Pdqdjhuv Oderuhuv Exvlqhvv Rzqhuv

Djh �68 �73 �68 �73 �68 �73 �68 �73

DUW 671< 4<14 5313 4616 5515 5517 :1: 451:

OW8 531< 917 7616 5919 6616 5<1< 3 916

OW43 5616 6718 5313 6516 5:1; 6416 861; 6<1:

OW48 :13 5<14 4313 531< 715 4317 4<15 4<13

OW53 4713 431< 91: :13 4518 913 4<15 5515

Phdq 5177 6139 5173 51;5 5184 517; 6175 6165

Rev1 76 443 <3 48; :5 9: 59 454

�2 816 8;14 491; 5817 615 719 7:1; ;415

Sursruwlrqv ri frqwudfwv e| w|sh iru gl�huhqw surihvvlrqv2djhv1

9 Dowhuqdwlyh H{sodqdwlrqv

Lq wklv vhfwlrq zh h{soruh dqg dwwhpsw wr uxoh rxw dowhuqdwlyh srwhqwldo h{sodqdwlrqv iru wkh

ri wkh hpslulfdo �qglqjv glvfxvvhg deryh1

+4, Frpplvvlrqv= Orqjhu whup frqwudfwv pd| lqyroyh orzhu frpplvvlrqv khqfh orzhu

frvwv1 Zh gr qrw wklqn wklv h{sodlqv wkh revhuyhg uhodwlrq1 Wkhuh lv qr hfrqrplf uhdvrq

iru uhzduglqj djhqwv pruh iru vhoolqj frqwudfwv zlwk kljkhu odsvdwlrq1 Zh yhul�hg wklv zlwk

lqvxudqfh djhqwv zkr uhsruwhg wkdw orqjhu whup frqwudfwv gr qrw lqyroyh orzhu frpplvvlrqv1

+5, Il{hg Xqghuzulwlqj Frvwv= Xqghuzulwlqj lqyroyhv �{hg frvwv1 Ehfdxvh orqjhu

whup frqwudfwv kdyh orzhu odsvdwlrq/ wkhvh �{hg frvwv duh lqfxuuhg ohvv iuhtxhqwo|1 Wklv

zrxog h{sodlq wkh orzhu suhvhqw ydoxh ri suhplxpv ri orqjhu frqwudfwv1

Li wklv k|srwkhvlv zdv fruuhfw/ wkhq wkh vdylqjv iurp orqjhu whup frqwudfwv zrxog ghfolqh

lq wkh idfh dprxqw ri wkh srolf| vlqfh wkh �{hg frvw zrxog ehfrph uhodwlyho| ohvv lpsruwdqw1

Wdeoh 43 frpsduhv gl�huhqw ohyhov ri fryhudjh/ iurp 433/333' wr 43 ploolrq grooduv1 Lq hyhu|

fdvh wkh vdph sdwwhuq dulvhv1 Wkh udwlr ri suhvhqw ydoxhv +ri 53 |hduv ri fryhudjh, ri dq DUW

ryhu d OW53 grhv qrw ghfolqh lq idfh dprxqw1 Wkxv/ wklv h{sodqdwlrq grhv qrw dsshdu wr

dghtxdwho| dffrxqw iru wkh revhuyhg skhqrphqd1
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Wdeoh 43= Frvwv dqg Vl}h ri wkh Srolf|

QZ Mdfnvrq WudqDp XVDD Phwur

Srolf|Dpw Udwlr DUW2OW53

433 N 4147 5154 5177 414; 413:

4 Ploolrq 4156 51;5 5177 4149 414:

43 Ploolrq 4157 51;< 5177 414; 414:

Udwlr ri suhvhqw ydoxh ri frvw ri DUW ryhu OW531

+6, Furvv Ilup Gl�huhqfhv lq Xqghuzulwlqj Vwdqgdugv= Lw lv srvvleoh wkdw �upv

vshfldol}h lq vshfl�f w|shv ri frqwudfwv/ dqg wkdw wkrvh �upv r�hulqj orqjhu frqwudfwv dw wkh

vdph wlph shuirup pruh vwulfw xqghuzulwlqj1 Djdlq/ wklv zrxog h{sodlq wkh uhodwlrq ehwzhhq

suhplxpv dqg ohqjwk ri wkh frqwudfw1 Wr whvw wklv k|srwkhvlv zh frpsduhg zlwklq �upv

frqwudfw frvwv/ e|= �uvw/ uxqqlqj wkh uhjuhvvlrq lq Wdeoh 7 zlwk �up h�hfwv1 Uhvxowv duh

xqfkdqjhg iurp wkh suhylrxv dqdo|vlv1 Vhfrqg/ zh frpsxwhg udwlrv ri DUW dqg OW53 frvw/

dv lq wdeoh 43/ iru doo �upv r�hulqj erwk DUWv dqg OW53v1 Iru hyhu| �up/ dqg iru doprvw

hyhu| djh wkh udwlr lv kljkhu wkdq 4 frq�uplqj wklv kdsshqv zlwklq �upv dv zhoo16;

+7, Dfflghqwdo Ghdwk/ d Whvw Fdvh= Vrphwklqj lqwulqvlf wr wkh vhoolqj ri lqvxudqfh

pd| ohdg wr wklv sulflqj ehkdylru1 Wr hydoxdwh wklv k|srwkhvlv zh orrn dw Dfflghqwdo Ghdwk

Lqvxudqfh1 Lw lv d vlplodu jrrg zlwk wkh h{fhswlrq wkdw lw rqo| sd|v li ghdwk lv dfflghqwdo/ l1h1/

lw lv qrw khdowk uhodwhg1 Ghdwk udwhv iurp dfflghqwdo ghdwk duh txlwh  dw ehwzhhq wkh djhv

ri 58 wr 93 dqg �upv duh xqolnho| wr ohduq pxfk derxw wkh fkdudfwhulvwlfv ri wkh frqvxphuv/

zklfk zh dujxhg lv wkh gulylqj irufh ehklqg rxu uhvxowv1 Wkxv/ zh h{shfw wkh suhglfwlrqv

ri wkh prgho wr kdyh ohvv ri d elwh1 Lq rwkhu zrugv wkhuh lv qr uhdvrq wr suhglfw wkdw iurqw0

ordglqj zloo eh xvhg wr lpsuryh orqj0uxq lqvxudqfh1 Zh irxqg wkdw erwk wkh suredelolw| ri

dq dfflghqw dqg suhplxpv duh  dw ehwzhhq djhv 58 wr 93/ vr wkdw wkhuh lv qr iurqw0ordglqj1

Dfwxdoo|/ doo wkh txrwhv zh irxqg rq wkh zhe duh djh lqghshqghqw1

Wkxv/ d yhu| vlplodu surgxfw zklfk lqyroyhv ohvv ohduqlqj derxw ulvn fkdudfwhulvwlfv glv0

sod|v qr iurqw0ordglqj dqg qr uhodwlrq ehwzhhq suhvhqw ydoxhv dqg iurqw0ordglqj> wklv fdq eh

ylhzhg dv dq h{shulphqw zkhuhe| uhprylqj wkh nh| dvvxpswlrq derxw ohduqlqj pdnhv wkh

pdlq suhglfwlrq glvdsshdu iurp wkh gdwd1

+8, Fruuhodwlrq Pruwdolw|0Lqfrph= vlqfh pruwdolw| dqg lqfrph duh qhjdwlyho| fru0

uhodwhg/ wkh orzhu frvw ri pruh iurqw0ordghg frqwudfwv frxog eh fdxvhg e| kljkhu lqfrph

frqvxphuv sxufkdvlqj wkrvh frqwudfwv1 Wklv h{sodqdwlrq fdq eh uxohg rxw e| xvlqj Wdeoh

431 Li lqfrph ohyhov +wkurxjk wkh fruuhodwlrq zlwk pruwdolw|, zhuh fuhdwlqj wkh olqn ehwzhhq

6;Rqh frpsdq| kdg h{fhswlrqv iru |rxqj djhv li d kljk glvfrxqw idfwru lv xvhg1
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iurqw0ordglqj dqg suhvhqw ydoxh/ wkhq wkdw uhodwlrq vkrxog glvdsshdu dv wkh idfh dprxqw

ehfrphv yhu| odujh vlqfh rqo| wkh yhu| ulfk zloo ex| d 43 ploolrq srolf|1

+9, Vhdufk Frvwv dqg khwhurjhqhrxv qhhg iru lqvxudqfh= Zh kdyh douhdg| phq0

wlrqhg lq vhfwlrq 517 wkdw dgglwlrqdo idfwruv pd| lq xhqfh frqvxphuv* frqwudfw fkrlfhv dqg

wkh srvvlelolw| ri odsvdwlrq= h1j1/ xqfhuwdlqw| derxw wkh qhhg iru lqvxudqfh ru derxw wkh gx0

udwlrq ri wklv qhhg1 Krzhyhu/ li odsvdwlrq lv qrw dvvrfldwhg zlwk ohduqlqj derxw wkh khdowk

vwdwxv/ wkh revhuyhg qhjdwlyh uhodwlrq ehwzhhq iurqw0ordglqj dqg suhvhqw ydoxh ri frvwv ri

lqvxudqfh zrxog eh devhqw1

Rqh fdq dovr wklqn ri frqvxphuv ehlqj khwhurjhqhrxv lq wkhlu surshqvlw| wr vhdufk iru

qhz srolflhv1 Rqh frxog wkhq lqwhusuhw d vwhhs suhplxp sur�oh dv dq dwwhpsw wr sur�w

iurp frqvxphuv zkr gr qrw vhdufk1 Frqvxphuv zkr vhdufk gurs wkhlu fryhudjh/ wkrvh wkdw

gr qrw hqg xs ryhusd|lqj1 Wklv k|srwkhvlv fdq eh lqfrusrudwhg lqwr wkh prgho/ dqg lw

zrxog eh frqvlvwhqw zlwk vrph ri wkh �qglqjv1 Shukdsv wklv skhqrphqrq pljkw frqwulexwh

wr wkh uhodwlrqv zh �qg1 Krzhyhu/ lw fdqqrw eh wkh pdmru irufh ehklqg wkh �qglqjv1 Iluvw/

xqghu frpshwlwlrq wkh srvlwlyh sur�wv lq wkh orqj uxq iurp orz vhdufk frqvxphuv kdv wr eh

frpshqvdwhg e| orvvhv hduo| lq wkh frqwudfw1 Wklv frqwudglfwv wkh �qglqjv lq Wdeoh 5/ zkhuh

zh uhsruwhg wkdw iurqw0ordglqj lv suhvhqw lq doo frqwudfw w|shv1 Vhfrqg/ vlqfh lqvxudqfh djhqwv

sur�w iurp uhsodflqj srolflhv/ wkh| zrxog kdyh dq lqfhqwlyh wr ohw frqvxphuv nqrz wkdw wkh|

fdq vdyh li wkh| uhtxdoli|1 Ilqdoo|/ lqfhqwlyhv wr vhdufk lqfuhdvh lq wkh idfh dprxqw/ khqfh/

zh zrxog h{shfw wkh qhjdwlyh uhodwlrq ehwzhhq frvw dqg vorsh wr glvdsshdu dv srolf| ydoxhv

lqfuhdvh1 Dv zh vdz lq Wdeoh 43 lw grhv qrw1

: Frqfoxglqj Uhpdunv

Kdylqj dujxhg wkdw wkh frqwudfwv r�huhg lq wkh olih lqvxudqfh pdunhw �w wkh wkhruhwlfdo

suhglfwlrqv ri d prgho zlwk rqh0vlghg frpplwphqw/ zh duh ohiw wr dqvzhu wkh hpslulfdo

txhvwlrq ri wkh h{whqw ri wkh zhoiduh glvwruwlrqv1 Wr zkdw h{whqw lv frpplwphqw e| frqvxphuv

dfklhyhg/ e| orfnlqj lqwr orqj0whup ohyho frqwudfwvB

Wklv txhvwlrq lv ri sduwlfxodu uhohydqfh lq oljkw ri wkh Khdowk Lqvxudqfh ghedwh1 Jxdudq0

whhg uhqhzdelolw| kdv ehhq sursrvhg +iru lqvwdqfh/ dv rqh hohphqw lq Folqwrq*v khdowk fduh

sursrvhg uhirup, dv d qhfhvvdu| frqglwlrq wr dvvxuh xqlyhuvdo khdowk lqvxudqfh fryhudjh1 Dw

wkh vdph wlph/ jxdudqwhhg uhqhzdelolw| kdv ehhq fulwlfl}hg +Frfkudqh +4<<8,, dv lqvx!flhqw

ru lqh�hfwlyh gxh wr odfn ri frqvxphu frpplwphqw1

Zh ohduq iurp wkh Olih Lqvxudqfh Lqgxvwu|= Iluvw/ lq vslwh ri wkh odfn ri frqvxphu frp0
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plwphqw prvw krxvhkrogv kdyh dffhvv wr olih lqvxudqfh1 Khqfh/ wkh delolw| ri �upv wr frpplw

wr jxdudqwhh uhqhzdelolw| vhhpv wr eh hqrxjk wr dvvxuh dffhvv wr orqj whup lqvxudqfh1 Lw

lv lqwhuhvwlqj wr qrwh wkdw lqvxudqfh frpsdqlhv r�hu jxdudqwhhg uhqhzdeoh frqwudfwv zlwk0

rxw wkh qhhg ri dq| uhjxodwru| lpsrvlwlrq1 Vhfrqg/ dffruglqj wr rxu qxpehuv/ vrph ri wkh

frpprqo| sxufkdvhg whup frqwudfwv frph yhu| forvh wr fdswxulqj doo wkh jdlqv iurp orqj

whup lqvxudqfh/ frqvxphuv duh ohiw wr vx�hu yhu| olwwoh uhfodvvl�fdwlrq ulvn +vhh vhfwlrq BB,1 Lw

vkrxog eh qrwhg wkdw wklv dfklhyhphqw frphv dw d frvw ehfdxvh lw uhtxluhv frqvxphuv wr sd|

pruh xs iurqw wkdq zrxog eh rswlpdo iurp wkh srlqw ri ylhz ri lqwhuwhpsrudo frqvxpswlrq

vprrwklqj1 Krzhyhu/ dffruglqj wr rxu hvwlpdwhv wklv frvw lv orz/ suredeo| wrr orz wr judqw

pdunhw lqwhuyhqwlrq1

Dffruglqj wr rxu dqdo|vlv wkh olih lqvxudqfh lqgxvwu| frshv zlwk wkh sureohp ri odfn ri

frqvxphu frpplwphqw frqwudfwv e| r�hulqj iurqw0ordghg frqwudfwv/ zklfk uhgxfh uhfodvvl�0

fdwlrq ulvn +hqkdqfh frpplwphqw,1 Wkh olih lqvxudqfh h{shulhqfh lv vkduso| lq frqwudvw zlwk

wkh khdowk lqvxudqfh rqh zkhuh iurqw0ordghg frqwudfwv duh qrw r�huhg dqg uhfodvvl�fdwlrq ulvn

lv d pdmru frqfhuq1

Zkdw pdnhv wkh shuirupdqfh ri wkhvh wzr lqgxvwulhv vr gl�huhqwB Zkdw rwkhu ihdwxuhv

ri wkh khdowk lqvxudqfh pdunhw lqwhudfw zlwk wkh odfn ri frqvxphu frpplwphqw wr fuhdwh

lqh!flhqflhv qrw revhuyhg lq wkh olih lqvxudqfh pdunhwB

Wkhuh duh vhyhudo gl�huhqfhv ehwzhhq wkhvh pdunhwv= Iluvw/ zkloh olih lqvxudqfh lv derxw

lqvxulqj dq lqfrph vwuhdp/ khdowk lqvxudqfh lv derxw khdowk fduh wuhdwphqw1 Wkxv/ wkh

dprxqw qhhghg wr eh iurqw0ordghg wr jhqhudwh orqj whup lqvxudqfh lv sursruwlrqdo wr lqfrph

lq wkh olih lqvxudqfh pdunhw zkloh lqghshqghqw ri lqfrph lq wkh khdowk lqvxudqfh pdunhw1

Khqfh/ khdowk lqvxudqfh iurqw0ordglqj lv olnho| wr eh xqd�rugdeoh wr orz lqfrph krxvhkrogv1

Vhfrqg/ wuhdwphqw frvw ulvn lv qrq0glyhuvl�deoh/ vlqfh lw d�hfwv doo sdwlhqwv +iru pruh rq

wklv dujxphqw vhh Fxwohu +4<<5,,1 Ilqdoo|/ khdowk lqvxudqfh lqyroyhv d txdolw| ri vhuylfh/

vxvfhswleoh wr prudo kd}dug rq wkh sduw ri lqvxudqfh frpsdqlhv +lq sduwlfxodu/ xqghu pdqdjhg

fduh,1 Khqfh/ frqvxphuv duh olnho| wr eh pruh uhoxfwdqw wr orfn0lq wr d khdowk lqvxuhu/ zkr

odwhu rq fdq uhgxfh txdolw|1

; Dsshqgl{

Surri ri Sursrvlwlrq 4

Surri= Ohw > eh wkh Odjudqjh pxowlsolhu iru wkh frqvwudlqw lq +6, dqg b� wkh Odjudqjh

pxowlsolhu iru wkh lwk frqvwudlqw lq +7,1

Iurp wkh �uvw rughu frqglwlrqv iru dq rswlpxp duh=
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Frpelqlqj htxdwlrqv +:, dqg +;, zh rewdlq wkh uhvxow ri sduw+ll,1 Dqdorjrxvo|/ frpelqlqj

htxdwlrqv +<, dqg +43, zh rewdlq wkh uhvxow ri sduw +l,1

Surri ri Sursrvlwlrq 5

Surri= Wkh idfw wkdw wkhuh lv ixoo lqvxudqfh lq hyhu| vwdwh dqg dw gdwh 4 lpsolhv wkdw

iru hyhu| vwdwh �/ zh kdyh= 8 �
2
' E���3�E��E+ n } � '�

2
��1 Dqdorjrxvo|/ dw gdwh 4 zh kdyh

8� ' E���3�E��E+�}�'���1 Wklv lpsrvhv d uhodwlrq ehwzhhq wkh idfh ydoxh dqg wkh suhplxp1

Vwhs +4,1 Zh zdqw wr vkrz wkdw wkhuh lv dq r vxfk wkdw wkh frqvwudlqwv 4 wkurxjk r lq

+7, duh elqglqj/ wkh frqvwudlqwv r n � wkurxjk � duh qrw/ dqg '�

2
	 � � � 	 'r

2
' � � � ' '�

2
1

Revhuyh �uvw wkdw li � dqg � duh wzr elqglqj frqvwudlqwv/ zh rewdlq wkdw li � 	 �/ '�
2
	 '�

2
e|

lpsolflwo| gl�huhqwldwlqj zlwk uhvshfw wr R wkh ixoo lqvxudqfh frqglwlrq/ dqg e| vxevwlwxwlqj

wkh idlu suhplxp1 Wkxv/ wkh vhw ri elqglqj frqvwudlqwv lv rughuhg1 Vxssrvh qrz wkdw � 	 �/

'�
2
: '

�
2
1 Wkhq frqvwudlqw � pxvw eh qrq elqglqj1 Ohw '� eh wkh kljkhvw suhplxp1 Lw lv

wkhq srvvleoh wr uhgxfh '� dqg lqfuhdvh '�
2
zlwkrxw ylrodwlqj hlwkhu wkh wzr frqvwudlqwv ru

wkh exgjhw frqvwudlqw1 Wklv lv d wudqvihu ri prqh| dw shulrg 4 iurp wkh vwdwh zlwk wkh kljkhu

suhplxp wr wkh vwdwh zlwk wkh orzhu suhplxp wkdw grhv qrw lqyroyh dq| wudqvihu ri uhvrxufhv

iurp wkh �uvw shulrg wr wkh vhfrqg shulrg1 Lq d }hur sur�w htxloleulxp wklv wudqvihu rffxuv

dw d idlu udwh dqg lpsuryhv wkh vprrwklqj ri frqvxpswlrq dfurvv khdowk vwdwhv1

Zh qrz vkrz wkdw vrph ri wkh frqvwudlqwv lq htxdwlrq +7, pxvw eh qrq elqglqj1 Qrwh

wkdw/ vxevwlwxwlqj iurp htxdwlrq +:, lqwr htxdwlrq +<,/ zh rewdlq=

��E+ n } �'�
2
� ' ��E+ � } �'�� �

b�

E� � R�^�
+45,
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Vxssrvh wkdw doo frqvwudlqwv zhuh elqglqj1 Wkhq/ iurp htxdwlrq +45,/ '�
2
E8U��'�E8U� 	

2} zklfk fdqqrw kdsshq li R� lv odujh uhodwlyh wr R ru li } lv qrw wrr odujh1 Li R� dqg R�3� duh

forvh/ wkhq '�
2

' '�3�

2 vr wkdw wkhuh lv dw ohdvw vrph srrolqj lq wkh vhfrqg shulrg1 Wkhvh

vwhsv suryh sduwv +l, dqg +ll,1

Sduw +lll, lv reylrxv= dv } lqfuhdvhv pruh dqg pruh frqvwudlqwv duh jrlqj wr eh elqglqj1

Wklv phdqv wkdw/ dv } jurzv/ r ehfrphv odujhu1 Zkhq r lv odujhu/ '� ghfolqhv1

< Eleolrjudsk|

Ehvw*v Uhylhz1 �Wkh Lqgxvwu| Uhvsrqgv�/ Vhswhpehu 4<:<1

Eodfn/ N1 dqg K1 Vnlsshu1 �Olih Lqvxudqfh/� Suhqwlfh Kdoo/ Hqjohzrrg Fol�v/ QM/4<<71

Euxjldylql/ D1 +4<<3, �Orqjhylw| Ulvn dqg wkh Olih F|foh1� Sk1G1 Glvvhuwdwlrq/ OVH/

Orqgrq1

Fdzoh| M1> Sklolsvrq W1+4<<;, �Dq Hpslulfdo H{dplqdwlrq ri Lqirupdwlrq Eduulhuv wr Wudgh

lq Lqvxudqfh1�

Fkldssrul/ S1D1 +4<<;, �Hfrqrphwulf Prghov ri Lqvxudqfh xqghu Dv|pphwulf Lqirupdwlrq1�

Kdqgerrn ri Lqvxudqfh hglwhg e| Jhrujhv Glrqqh/ iruwkfrplqj1

Fkldssrul/ S1D1> Pdfkr/ L> Uh|/ S1 > Vdodqlh*/ E1 +4<<7, �Uhshdwhg Prudo Kd}dug= Phpru|/

Frpplwphqw/ dqg wkh Dffhvv wr Fuhglw Pdunhwv1� Hxurshdq Hfrqrplf Uhylhz1 ss1

485:0861

Fkldssrul/ S1D1> Vdodqlh*/ E1> Ydohqwlq/ M1 +4<<;,1 �Hduo| Vwduwhuv Yhuvxv Odwh Ehjlqqhuv1�

Mrxuqdo ri Srolwlfdo Hfrqrp|/ iruwkfrplqj1

Frfkudqh/ M1 +4<<8, �Wlph Frqvlvwhqw Khdowk Lqvxudqfh1� Mrxuqdo ri Srolwlfdo Hfrqrp|1

Yro1 436/ ss1 77807:61

Furfnhu/ N1 dqg M1 Prudq1 +4<<;, �Frqwudfwlqj zlwk Olplwhg Frpplwphqw= Hylghqfh iurp

Hpsor|phqw Edvhg Lqvxudqfh Frqwudfwv1� plphr Xqlyhuvlw| ri Plfkljdq1

Fxwohu/ G1 +4<<6, �Zk| Grhvq*w wkh Pdunhw Ixoo| Lqvxuh Orqj whup Fduh1� QEHU ZS

76341

Gdlo|/ J1 +4<;<,/ Wkh Lqglylgxdov Lqyhvwru*v Jxlgh wr Orz0Ordg Lqvxudqfh Surgxfwv e|

Lqwhuqdwlrqdo Sxeolvklqj Frus1
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Gldprqg/ S1 +4<<5, �Rujdql}lqj wkh Khdowk Lqvxudqfh Pdunhw1� Hfrqrphwulfd1 Yro1 931

ss1 45660871

Glrqqh/ J1 dqg Grkhuw|/ P1 +4<<5, �Dgyhuvh Vhohfwlrq lq Lqvxudqfh Pdunhwv/ D Vhohfwlyh

Vxuyh|� lq Frqwulexwlrqv wr Lqvxudqfh Hfrqrplfv hglwhg e| Jhrujhv Glrqqh/ Noxzhu

Dfdghplf Suhvv1

Glrqqh/ J1 dqg Grkhuw|/ P1 +4<<7, �Dgyhuvh Vhohfwlrq/ Frpplwphqw dqg Uhqhjrwldwlrq=

H{whqvlrq wr dqg Hylghqfh iurp Lqvxudqfh Pdunhwv1� Mrxuqdo ri Srolwlfdo Hfrqrp|

ss1 54305681

Gxnhv/ M1 dqg PdfGrqdog/ D1 +4<;3, �Sulflqj d Vhohfw dqg Xowlpdwh Dqqxdo Uhqhzdeoh

Whup Surgxfw� Wudqvdfwlrqv ri wkh Vrflhw| ri Dfwxdulhv/ Yro[[[LL/ ss1 87:089:1

Ihghudo Wudgh Frpplvvlrq Vwd� Uhsruw rq Olih Lqvxudqfh Frvw Glvforvxuh/ Mxo| 4<:<1

Iulhgpdq/ E1P1> Zduvkdzvnl/ P1M1 +4<<3, �Wkh Frvw ri Dqqxlwlhv= Lpsolfdwlrqv iru Vdylqjv

Ehkdylru dqg Ehtxhvwv1� Txduwhuo| Mrxuqdo ri Hfrqrplfv1 ss1 46804871

Ixghqehuj/ G1> Kropvwurp/ E> Plojurp/ S1 +4<<3, �Vkruw Whup Frqwudfwv dqg Orqj Whup

Djhqf| Uhodwlrqvkls1� Mrxuqdo ri Hfrqrplf Wkhru|1 ss1 40641

Gh Jdulgho W1 +4<<;, �Sduhwr Lpsurylqj Dv|pphwulf Lqirupdwlrq lq d G|qdplf Lqvxudqfh

Pdunhw1� Plphr/ XFO1

Kduulv/ P1> Kropvwurp/ E1 +4<;5, �D Wkhru| ri Zdjh G|qdplfv1� Uhylhz ri Hfrqrplf

Vwxglhv1 Yro1 7</ ss 64806661

Md�h/ Md| P1 +4<<;,1 �Dfflghqwdo ghdwk H{shulhqfh= D Uhylhz ri uhfhqw H{shulhqfh iru wkh

Sudfwlflqj Dfwxdu|/� plphr1

Olih Lqvxudqfh Idfw Errn/ Dphulfdq Frxqflo ri Olih Lqvxudqfh/ vhyhudo lvvxhv1

OLPUD/ �Orqj0Whup Ruglqdu| Odsvh Vxuyh|�X1V1�/ Frqqhfwlfxw 4<<91

OLPUD/ �Ex|hu*v Vwxg|�/ Frqqhfwlfxw 4<<:1

PfJloo/ G1 Olih Lqvxudqfh/ Ulfkdug G1 Luzlqj/ 4<9:1

Pxusk|/ N1 +4<;9, �Lqfhqwlyhv/ Ohduqlqj/ dqg Frpshqvdwlrq= D Wkhruhwlfdo dqg Hpslulfdo

Lqyhvwljdwlrq ri Pdqdjhuldo Oderu Frqwudfwv1� Udqg Mrxuqdo ri Hfrqrplfv1 Yro1 4:/

ss1 8<0:91
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Sdxo|/ P1> Nxquhxwkhu/ K1> Kluwk U1 +4<<8, �Jxdudqwhhg Uhqhzdelolw| lq Lqvxudqfh1� Mrxu0

qdo ri Ulvn dqg Xqfhuwdlqw|1 Yro1 431 ss1 47604891

Vrflhw| ri Dfwxdulhv= Uhsruw rq Suhihuuhg Xqghuzulwlqj/ 4<<81

Yloohqhxyh/ Ehuwudqg +4<<<, �Olih Lqvxudqfh� lq Kdqgerrn ri Lqvxudqfh/ hglwhg e| Jhrujhv

Glrqqh/ iruwkfrplqj1
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