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Devwudfw

Zh xvh krxvhkrog vxuyh| gdwd wr frqvwuxfw d gluhfw phdvxuh ri de0
vroxwh ulvn dyhuvlrq edvhg rq wkh pd{lpxp sulfh d frqvxphu lv zloolqj
wr sd| wr hqwhu d orwwhu|1 Zh uhodwh wklv phdvxuh wr frqvxphuv* hq0
grzphqw dqg dwwulexwhv dqg wr phdvxuhv ri h{srvxuh wr edfnjurxqg
ulvn dqg oltxlglw| frqvwudlqwv1 Zh �qg wkdw ulvn dyhuvlrq lv d ghfuhdv0
lqj ixqfwlrq ri hqgrzphqw 0 wkxv uhmhfwlqj FDUD suhihuhqfhv 0 exw
wkdw wkh hodvwlflw| wr frqvxpswlrq lv idu ehorz wkh xqlwdu| ydoxh suh0
glfwhg e| FUUD xwlolw|1 Zh dovr �qg wkdw krxvhkrogv* dwwulexwhv duh
ri olwwoh khos lq suhglfwlqj wkhlu ghjuhh ri ulvn dyhuvlrq/ zklfk lv fkdu0
dfwhul}hg e| pdvvlyh xqh{sodlqhg khwhurjhqhlw|1 Krzhyhu/ frqvxphuv*
hqylurqphqw d�hfwv ulvn dyhuvlrq1 Lqglylgxdov zkr duh pruh olnho| wr
idfh lqfrph xqfhuwdlqw| ru wr eh oltxlglw|0frqvwudlqhg h{klelw d kljkhu
ghjuhh ri devroxwh ulvn dyhuvlrq1 Wklv lv frqvlvwhqw zlwk uhfhqw wkhr0
ulhv ri dwwlwxghv wrzdugv ulvn lq wkh suhvhqfh ri xqlqvxudeoh ulvnv dqg
fuhglw pdunhw lpshuihfwlrqv1 Zh dovr �qg wkdw ulvn dwwlwxghv kdyh frq0
vlghudeoh suhglfwlyh srzhu rq vhyhudo krxvhkrog ghflvlrqv/ lqfoxglqj
rffxsdwlrq dqg sruwirolr fkrlfh/ prylqj ghflvlrqv dqg khdowk vwdwxv1

MHO Fodvvl�fdwlrq= G4/ G;
Nh|zrugv=Ulvn dyhuvlrq/ edfnjurxqg ulvn/ suxghqfh

WZh wkdqn Fkulvwldq Jroolhu/ Plfkdholv Kdoldvvrv/ Zlonr Ohwwhulh/ Zlqiulhg Nrhqljhu/
Ulfkdug ]hfnkdxvhu dqg sduwlflsdqwv dw vhplqduv dw wkh Hxurshdq Xqlyhuvlw| Lqvwlwxwh/
Hqwh Hlqdxgl oxqfk vhplqdu/ wkh WPU frqihuhqfh �Vdylqjv/ shqvlrqv/ dqg sruwirolr
fkrlfh�/ Ghlghvkhlp +Jhupdq|, iru khosixo frpphqwv dqg glvfxvvlrq1 Oxljl Jxlvr df0
nqrzohgjhv �qdqfldo vxssruw iurp PXUVW/ wkh Lwdoldq Plqlvwu| ri Xqlyhuvlwlhv dqg Vfl0
hqwl�f Uhvhdufk dqg wkh HHFiru wkh WPU uhvhdufk surmhfw � Vshfldolvdwlrq yhuvxv glyhu0
vl�fdwlrq�1

_Xqlyhuvlw| ri Vdvvdul/ Hqwh Oxljl Hlqdxgl ) FHSU1 Hpdlo= jxlvrCwlq1lw
hXqlyhuvlw| Froohjh Orqgrq ) Hqwh Oxljl Hlqdxgl
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4 Lqwurgxfwlrq

Wkh uhodwlrqvkls ehwzhhq d frqvxphu*v dwwlwxgh wrzdugv ulvn/ dv lqglfdwhg iru
lqvwdqfh e| wkh ghjuhh ri devroxwh ulvn dyhuvlrq ru ri devroxwh ulvn wrohudqfh/
dqg zhdowk lv fhqwudo wr pdq| �hogv ri hfrqrplfv1 Dv zdv dujxhg e| Duurz
dv orqj dv 68 |hduv djr �wkh ehkdylru ri wkhvh phdvxuhv dv zhdowk ydulhv lv ri
wkh juhdwhvw lpsruwdqfh iru suhglfwlrq ri hfrqrplf uhdfwlrqv lq wkh suhvhqfh
ri xqfhuwdlqw|� +s168,1

Prvw ri wkh lqihuhqfh rq wkh qdwxuh ri wklv uhodwlrq lv edvhg rq frpprq
vhqvh/ lqwurvshfwlrq/ fdvxdo revhuydwlrq ri ehkdylrudo gl�huhqfhv ehwzhhq
wkh ulfk dqg wkh srru dqg d sulrul uhdvrqlqj dqg frqfhuqv wkh vljq ri wkh
uhodwlrq/ zkhuhdv qr hylghqfh dw doo/ hyhq lqgluhfw/ lv dydlodeoh rq lwv fxuyd0
wxuh1 Wkh frqvhqvxv ylhz lv wkdw devroxwh ulvn dyhuvlrq vkrxog ghfolqh zlwk
zhdowk14 Ixuwkhupruh/ li rqh djuhhv wkdw suhihuhqfhv duh fkdudfwhul}hg e|
frqvwdqw uhodwlyh ulvn dyhuvlrq 0 d surshuw| ri rqh ri wkh prvw frpprqo|
xvhg xwlolw| ixqfwlrqv/ wkh lvrhodvwlf 0 wkhq devroxwh ulvn dyhuvlrq lv ghfuhdv0
lqj dqg frqyh{ lq zhdowk/ zkloh ulvn wrohudqfh lv lqfuhdvlqj dqg olqhdu1 Wkh
fxuydwxuh ri devroxwh ulvn wrohudqfh kdv ehhq vkrzq wr eh uhohydqw lq d qxp0
ehu ri frqwh{wv1 Iru lqvwdqfh/ Jroolhu dqg ]hfnkdxvhu +4<<:, vkrz wkdw lw
ghwhuplqhv zkhwkhu wkh sruwirolr vkduh lqyhvwhg lq ulvn| dvvhwv lqfuhdvhv ru
ghfuhdvhv ryhu wkh frqvxphu olih f|foh/ dq lvvxh wkdw lv uhfhlylqj lqfuhdvlqj
dwwhqwlrq1 Pruhryhu/ li ulvn wrohudqfh lv frqfdyh/ zhdowk lqhtxdolw| fdq khos
hoxflgdwh wkh ulvn suhplxp sx}}oh +Jroolhu/ 4<<<,1 Ixuwkhupruh/ wkh fxuyd0
wxuh ri ulvn wrohudqfh dqg wkh qdwxuh ri ulvn dyhuvlrq pd| h{sodlq zk| wkh
pdujlqdo surshqvlw| wr frqvxph rxw ri fxuuhqw uhvrxufhv/ udwkhu wkdq ehlqj
frqvwdqw/ ghfolqhv dv wkh ohyho ri uhvrxufhv lqfuhdvhv +Fduuroo dqg Nlpedoo
+4<<9,/ Jroolhu +4<<<,,1

Wkh dlp ri wklv sdshu lv wr surylgh hpslulfdo hylghqfh rq wkh qdwxuh
ri wkh uhodwlrqvkls ehwzhhq ulvn dyhuvlrq dqg zhdowk1 Xvlqj gdwd iurp wkh
Edqn ri Lwdo| Vxuyh| ri Krxvhkrog Lqfrph dqg Zhdowk +VKLZ,/ zh hpsor|
wkh lqirupdwlrq rq krxvhkrog zloolqjqhvv wr sd| iru d orwwhu| wr uhfryhu d
phdvxuh ri wkh Duurz Sudww lqgh{ ri devroxwh ulvn dyhuvlrq dqg uhodwh lw
wr lqglfdwruv ri frqvxphuv* hqgrzphqw/ dv zhoo dv wr d vhw ri ghprjudsklf
fkdudfwhulvwlfv wr frqwuro iru lqglylgxdo suhihuhqfh khwhurjhqhlw|1

Wkh xvxdo gh�qlwlrq ri ulvn dyhuvlrq dqg wrohudqfh ghyhorshg e| Duurz
+4<:3, dqg Sudww +4<97, lv edvhg rq wkh dvvxpswlrq wkdw lqlwldo zhdowk lv
qrq0udqgrp1 Lw lv dovr frqvwuxfwhg lq d vwdwlf vhwwlqj ru lq vhwwlqjv zkhuh

4 Lw lv rq wkhvh jurxqgv wkdw txdgudwlf dqg h{srqhqwldo xwlolw|/ wkrxjk riwhq dqdo|wlfdoo|
frqyhqlhqw/ duh uhjdughg dv plvohdglqj uhsuhvhqwdwlrqv ri suhihuhqfhv1
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ixoo dffhvv wr wkh fuhglw pdunhw lv dvvxphg1 Uhfhqwo| lw kdv ehhq vkrzq wkdw
dwwlwxghv wrzdugv ulvn fdq eh d�hfwhg e| wkh survshfw ri ehlqj oltxlglw|0
frqvwudlqhg dqg e| wkh suhvhqfh ri dgglwlrqdo xqlqvxudeoh/ qrq0glyhuvl�deoh
ulvnv1 Jroolhu +4<<<, vkrzv wkdw wkh srvvlelolw| wkdw frqvxphuv zloo eh vxe0
mhfw wr d oltxlglw| frqvwudlqw lq wkh ixwxuh pdnhv wkhp ohvv zloolqj wr ehdu ulvn
suhvhqwo|/ l1h1 lqfuhdvhv wkhlu ulvn dyhuvlrq1 Sudww dqg ]hfnkdxvhu +4<;:,/
Nlpedoo +4<<6, dqg Hhnkrxgw/ Jroolhu dqg Vfkohvlqjhu +4<<9, hvwdeolvk d vhw
ri frqglwlrqv rq suhihuhqfhv wkdw gh�qh fodvvhv ri xwlolw| ixqfwlrqv zkrvh
frpprq ihdwxuh lv wkdw wkh suhvhqfh ri edfnjurxqg ulvn pdnhv wkh lqglylg0
xdo ehkdyh lq d pruh ulvn0dyhuvh pdqqhu1 Wkh| fdoo wkhvh fodvvhv ri xwlolw|
ixqfwlrqv �surshu�/ �vwdqgdug� dqg �ulvn yxoqhudeoh�/ uhvshfwlyho|15 Wkh
pdlq lpsolfdwlrq lv wkdw hyhq li ulvnv duh lqghshqghqw/ lqglylgxdov zloo uh0
dfw wr edfnjurxqg ulvn e| uhgxflqj wkhlu h{srvxuh wr dyrlgdeoh ulvnv1 Rqh
lpsruwdqw frqvhtxhqfh lv wkdw lqglylgxdov idflqj kljk h{rjhqrxv oderu lq0
frph ulvn 0 zklfk lv qrupdoo| xqlqvxudeoh 0 zloo eh pruh ulvn0dyhuvh dqg wkxv
dyrlg h{srvxuh wr sruwirolr ulvn e| kroglqj ohvv ru qr ulvn| dvvhwv1 Vlploduo|/
wkh| vkrxog whqg wr ex| pruh lqvxudqfh djdlqvw wkh ulvnv wkdw duh lqvxu0
deoh +Hhnkrxgw dqg Nlpedoo +4<<5,,61 Ixuwkhupruh/ lqvridu dv lqfrph ulvn
hyroyhv zlwk djh/ xqghu vwdqgdugqhvv/ edfnjurxqg ulvn pd| khos h{sodlq wkh
olih f|foh ri dvvhw kroglqjv1 Vhyhudo sdshuv kdyh flwhg edfnjurxqg ulvn dqg
ulvn yxoqhudelolw| +ru vwdqgdugqhvv, wr h{sodlq wkh sruwirolr sx}}ohv17 Lq doo
wkhvh vwxglhv/ vwdqgdugqhvv ru ulvn yxoqhudelolw| lv mxvw dvvxphg/ exw lw lv
qrw whvwhg ehfdxvh ri odfn ri hylghqfh rq lqglylgxdo ulvn dyhuvlrq1

Wkh hylghqfh suhvhqwhg lq wklv sdshu vkhgv oljkw dovr rq wkh hpslulfdo
uhohydqfh ri wkhvh frqfhswv1 Lq idfw/ dv vkrzq e| Hhnkrxgw/ Jroolhu/ dqg
Vfkohvlqjhu +4<<9,/ d vx!flhqw +exw qrw qhfhvvdu|, frqglwlrq iru devroxwh ulvn

5Sudww dqg ]hfnkdxvhu +4<;:, gh�qh dv �surshu� wkh fodvv ri xwlolw| ixqfwlrqv wkdw hq0
vxuh wkdw lqwurgxflqj dq dgglwlrqdo lqghshqghqw xqghvludeoh ulvn zkhq dqrwkhu xqghvludeoh
rqh lv douhdg| suhvhqw pdnhv wkh frqvxphu ohvv zloolqj wr dffhsw wkh h{wud ulvn1 Nlpedoo
gh�qhv dv �vwdqgdug� wkh fodvv ri xwlolw| ixqfwlrqv wkdw jxdudqwhh wkdw dq dgglwlrqdo lqgh0
shqghqw xqghvludeoh ulvn lqfuhdvhv wkh vhqvlwlylw| wr rwkhu orvv0djjudydwlqj rqhv1 Vwduwlqj
iurp lqlwldo zhdowk �/ d ulvn h% lv xqghvludeoh li dqg rqo| li lw vdwlv�hv .�E� 3 h%� $ �E��/
zkhuh �E�� lv dq lqfuhdt�?j dqg frqfdyh xwlolw| ixqfwlrq1 D ulvn h% lv orvv0djjudydwlqj li
dqg rqo| li lw vdwlv�hv .��E� n h%� D ��E�� 1 Zkhq devroxwh ulvn dyhuvlrq lv ghfuhdvlqj/
hyhu| xqghvludeoh ulvn lv orvv0djjudydwlqj/ exw qrw hyhu| orvv0djjudydwlqj ulvn lv xqghvlu0
deoh1 Vhh Nlpedoo +4<<6, dqg Jroolhu dqg Sudww +4<<9,1 Ilqdoo|/ Hhfnkrxgw/ Jroolhu dqg
Vfkohvlqjhu +4<<9,*v ulvn yxoqhudelolw| lpsolhv wkdw dgglqj d }hur0phdq edfnjurxqg ulvn
pdnhv frqvxphuv pruh ulvn dyhuvh1

6Jxlvr/ Mdsshool dqg Whuol}}hvh +4<<9, �qg wkdw krxvhkrogv idflqj juhdwhu hduqlqjv ulvn
ex| ohvv ulvn| dvvhwv> Jxlvr dqg Mdsshool +4<<;, vkrz wkdw krxvhkrogv ex| pruh oldelolw|
lqvxudqfh lq uhvsrqvh wr hduqlqjv ulvn1

7Vhh Zhlo +4<<5,/ Jroolhu dqg ]hfnkdxvhu +4<<:,/ Jroolhu +4<<<,/ Frfr hw do1 +4<<;,1
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dyhuvlrq wr lqfuhdvh zlwk edfnjurxqg ulvn lv wkdw lw lv d ghfuhdvlqj dqg frqyh{
ixqfwlrq ri wkh hqgrzphqw/ dq dvvxpswlrq wkdw lv vdwlv�hg/ iru lqvwdqfh/
e| FUUD xwlolw|18 Lq dgglwlrq wr wklv/ wkh dydlodelolw| ri lqirupdwlrq rq
wkh vxemhfwlyh suredelolw| glvwulexwlrq ri ixwxuh hduqlqjv dqg rq krxvhkrog
dffhvv wr wkh fuhglw pdunhw doorzv xv wr uhodwh rxu lqgh{ ri ulvn dyhuvlrq
gluhfwo| wr lqglfdwruv ri hpsor|phqw0uhodwhg ulvn dqg ri oltxlglw| frqvwudlqwv1

Rxu �qglqjv vkrz wkdw devroxwh ulvn dyhuvlrq lv d ghfuhdvlqj dqg frqyh{
ixqfwlrq ri frqvxphuv* uhvrxufhv/ zkloh ulvn wrohudqfh lv lqfuhdvlqj dqg frq0
fdyh= wkxv/ zh uhmhfw erwk FDUD dqg FUUD suhihuhqfhv1 \hw/ zh �qg wkdw
ulvn dyhuvlrq ghfuhdvhv zlwk wkh vxemhfwlyh yduldqfh ri wkh hduqlqjv ri wkh
uhvsrqghqw= udwkhu wkdq uhmhfw wkh lq xhqfh ri edfnjurxqg ulvn/ zh dujxh
wkdw wklv �qglqj uh hfwv vhoi0vhohfwlrq ri pruh ulvn0dyhuvh frqvxphuv lqwr
vdihu rffxsdwlrqv1 Lq idfw/ zkhq lqfrph ulvn lv sur{lhg e| wkh yduldqfh ri
vkrfnv wr JGS lq wkh surylqfh zkhuh frqvxphuv olyh 0 dujxdeo| ohvv vxemhfw
wr vhoi0vhohfwlrq 0 zh �qg wkdw ulvn dyhuvlrq lv srvlwlyho| d�hfwhg e| edfn0
jurxqg ulvn1 Ixuwkhupruh/ frqvlvwhqw zlwk uhfhqw wkhrulhv/ zh �qg wkdw ulvn
dyhuvlrq lv kljkhu dprqj frqvxphuv zkr duh pruh h{srvhg wr oltxlglw| frq0
vwudlqwv1 Rxu hvwlpdwhv/ krzhyhu/ vkrz wkdw wkhvh yduldeohv fdq rqo| h{sodlq
d vpdoo dprxqw ri wkh vdpsoh yduldelolw| lq dwwlwxghv wrzdugv ulvn1 Hyhq di0
whu frqwuroolqj iru lqglylgxdo fkdudfwhulvwlfv wkhuh uhpdlqv d odujh dprxqw ri
xqh{sodlqhg yduldwlrq uh hfwlqj sduwo| jhqxlqh gl�huhqfhv lq wdvwhv1 Zh dovr
�qg wkdw rxu phdvxuh ri dwwlwxgh wrzdugv ulvn kdv frqvlghudeoh h{sodqdwru|
srzhu rq d qxpehu ri krxvhkrog ghflvlrqv lqfoxglqj rffxsdwlrq dqg pry0
lqj2vwd|lqj fkrlfhv/ wkh ghpdqg iru ulvn| �qdqfldo dvvhwv/ lqvxudqfh dqg
khdowk vwdwxv1

Wkh sdshu lv rujdql}hg dv iroorzv= Vhfwlrq 5 ghvfulehv rxu phdvxuh ri
ulvn dyhuvlrq zkhq zhdowk lv qrq0udqgrp dqg zkhq wkhuh lv edfnjurxqg ulvn1
Vhfwlrq 6 suhvhqwv ghvfulswlyh hylghqfh rq devroxwh ulvn dyhuvlrq lq rxu furvv0
vhfwlrq ri krxvhkrogv1 Lq Vhfwlrq 7 zh glvfxvv wkh hpslulfdo vshfl�fdwlrq
zh xvh wr uhodwh devroxwh ulvn dyhuvlrq wr wkh frqvxphu hqgrzphqw/ klv
dwwulexwhv dqg wkhq wr klv hqylurqphqw1 Vhfwlrq 8 suhvhqwv wkh uhvxowv ri
wkh hvwlpdwhv1 Lq Vhfwlrq 9 zh fkhfn wkh urexvwqhvv ri wkh pdlq �qglqjv wr
wkh hqgrjhqhlw| ri frqvxpswlrq dqg zhdowk/ qrq0uhvsrqvhv dqg wkh srvvleoh
suhvhqfh ri rxwolhuv1 Vhfwlrq : suhvhqwv hylghqfh uhjduglqj wkh h�hfwv ri
edfnjurxqg ulvn dqg oltxlglw| frqvwudlqwv rq wkh surshqvlw| wr ehdu ulvn1 Lq
Vhfwlrq ; zh fkdudfwhul}h hpslulfdoo| wkh uhjlph ri wkh dwwlwxgh wrzdugv ulvn
wr zklfk krxvhkrogv ehorqj +l1h1 zkhwkhu wkh| duh ulvn0dyhuvh/ ulvn0qhxwudo

8Vlploduo|/ Khqqhvv| dqg Odsdq +4<<;, vkrz wkdw d srvlwlyh dqg frqfdyh uhodwlrq ri
ulvn wrohudqfh zlwk zhdowk lv vx!flhqw iru suhihuhqfhv wr eh vwdqgdug dv lq Nlpedoo +4<<6,1
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ru ulvn oryhuv,1 Lq dgglwlrq/ zh whvw wkh Iulhgpdq0Vdydjh lghd wkdw xwlolw|
pd| eh frqfdyh lq krxvhkrog uhvrxufhv dw yhu| orz dqg yhu| kljk ohyhov ri
zhdowk dqg frqyh{ lq ehwzhhq1 Vhfwlrq < surylghv hylghqfh rq zkhwkhu ulvn
dwwlwxghv khos wr suhglfw ehkdylru1 Vhfwlrq 43 vxppdul}hv dqg frqfoxghv1

5 Phdvxulqj ulvn dyhuvlrq

Wr phdvxuh devroxwh ulvn dyhuvlrq dqg wrohudqfh/ zh h{sorlw wkh 4<<8 zdyh
ri wkh Vxuyh| ri Krxvhkrog Lqfrph dqg Zhdowk +VKLZ,/ zklfk lv uxq eldq0
qxdoo| e| wkh Edqn ri Lwdo|1 Wkh 4<<8 VKLZ froohfwhg gdwd rq lqfrph/
frqvxpswlrq/ �qdqfldo zhdowk/ uhdo hvwdwh zhdowk/ dqg vhyhudo ghprjudsklf
yduldeohv iru d uhsuhvhqwdwlyh vdpsoh ri ;/468 Lwdoldq krxvhkrogv1 Edodqfh0
vkhhw lwhpv duh hqg0ri0shulrg ydoxhv1 Lqfrph dqg  rz yduldeohv uhihu wr
4<<819

Wkh 4<<8 zdyh kdv d vhfwlrq ghvljqhg wr holflw dwwlwxghv wrzdugv ulvn1
Hdfk sduwlflsdqw lv r�huhg d k|srwkhwlfdo orwwhu| dqg lv dvnhg wr uhsruw wkh
pd{lpxp sulfh wkdw kh zrxog eh zloolqj wr sd| wr sduwlflsdwh1 Vshfl�fdoo|=

�Zh zrxog olnh wr dvn |rx d k|srwkhwlfdo txhvwlrq wkdw zh
zrxog olnh |rx wr dqvzhu dv li wkh vlwxdwlrq zdv d uhdo rqh1 \rx
duh r�huhg wkh rssruwxqlw| ri dftxlulqj d vhfxulw| shuplwwlqj
|rx/ zlwk wkh vdph suredelolw| ri 425/ wr hlwkhu jdlq 43 ploolrq
oluh ru wr jdlq qrwklqj1 Zkdw lv wkh prvw wkdw |rx duh suhsduhg
wr sd| iru wklv vhfxulw|B�

Whq ploolrq oluh fruuhvsrqgv wr mxvw ryhu Hxurv 8/333 +ru urxjko| '8/333,1
Wkh lqwhuylhzv duh frqgxfwhg shuvrqdoo| dw wkh frqvxphu*v krph e| surihv0
vlrqdo lqwhuylhzhuv1 Lq rughu wr khos wkh uhvsrqghqw xqghuvwdqg wkh txhvwlrq/
wkh lqwhuylhzhuv vkrz dq looxvwudwlyh fdug dqg duh uhdg| wr surylgh h{sod0
qdwlrqv1 Wkh uhvsrqghqw fdq dqvzhu lq rqh ri wkuhh zd|v= d, ghfoduh wkh
pd{lpxp dprxqw kh lv zloolqj wr sd| wr sduwlflsdwh/ zklfk zh ghqrwh ]�/
nqrzq dv wkh frpshqvdwlqj fhuwdlqw| htxlydohqw> e, grq*w nqrz> f, xqzloolqj
wr dqvzhu1

Fohduo|/ ]� @ 8 ploolrq oluh/ ]� ? 8 dqg ]� A 8 ploolrq oluh lpso| ulvn
qhxwudolw|/ ulvn dyhuvlrq dqg ulvn orylqj/ uhvshfwlyho|1 Wklv fkdudfwhul}hv
dwwlwxghv wrzdugv ulvn txdolwdwlyho|1 Exw zh fdq gr pruh> d phdvxuh ri
wkh Duurz0Sudww lqgh{ ri devroxwh ulvn dyhuvlrq fdq eh rewdlqhg iru hdfk

9Vhh wkh dsshqgl{ iru d ghwdlohg ghvfulswlrq ri wkh vxuyh| frqwhqwv/ lwv vdpsoh ghvljq/
lqwhuylhzlqj surfhgxuh dqg uhvsrqvh udwhv1
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frqvxphu1 Ohw z� ghqrwh krxvhkrog l�v hqgrzphqw/ zklfk iru d prphqw
lv dvvxphg wr eh qrq0udqgrp1 Ohw x�+�, eh lwv xwlolw| ixqfwlrq dqg hS eh
wkh udqgrp sul}h ri wkh orwwhu|/ wdnlqj ydoxhv 43 ploolrq dqg 3 zlwk htxdo
suredelolw|1 Wkh pd{lpxp hqwu| sulfh lv wkxv jlyhq e|=

x�+z�, @
4

5
x�+z� . 43� ]�, .

4

5
x�+z� � ]�, @ Hx�+z� . hS �]�, +4,

zkhuh H lv wkh h{shfwdwlrqv rshudwru1 Wdnlqj d vhfrqg0rughu Wd|oru
h{sdqvlrq ri wkh uljkw0kdqg vlgh ri +4, durxqg z� jlyhv=

Hx�+z� . hS �]�, f x�+z�, . x�
�
+z�,H+ hS � ]�, . 3=8x��

�
+z�,H+ hS � ]�,

2

+5,

Vxevwlwxwlqj +5, lqwr +4, dqg vlpsoli|lqj zh rewdlq=

U�+z�, f �x��
�
+z�,@x

�

�
+z�, @ 7+8�]�,@

�
432 . 5]2

�
� 53]�

�
+6,

Htxdwlrq +6, xqltxho| gh�qhv wkh Duurz0Sudww phdvxuh ri devroxwh ulvn
dyhuvlrq lq whupv ri wkh sdudphwhuv ri wkh orwwhu| lq wkh vxuyh|1 Devroxwh
ulvn wrohudqfh lv gh�qhg e| W�+z�, @ 4@U�+z�,1 Reylrxvo|/ iru ulvn0qhxwudo
lqglylgxdov +l1h1 wkrvh uhsruwlqj ]� @ 8,/ U�+z�, @ 3 dqg iru wkh ulvn0surqh
+wkrvh zlwk ]� A 8,/ U�+z�, ? 31 Dffruglqj wr +6, devroxwh ulvn dyhuvlrq
pd| ydu| zlwk frqvxphu hqgrzphqw dqg zlwk doo wkh dwwulexwhv wkdw duh
fruuhodwhg zlwk klv suhihuhqfhv1 D ihz frpphqwv rq wklv phdvxuh dqg rq krz
lw frpsduhv zlwk wkrvh xvhg lq rwkhu vwxglhv duh lq rughu1 Iluvw/ rxu phdvxuh
uhtxluhv qr dvvxpswlrq rq wkh irup ri wkh lqglylgxdo xwlolw| ixqfwlrq/ zklfk
lv ohiw xqvshfl�hg1 Vhfrqg/ lw lv qrw uhvwulfwhg wr ulvn0dyhuvh lqglylgxdov
exw h{whqgv wr wkh ulvn0qhxwudo dqg wkh ulvn oryhuv1 Wklug/ rxu gh�qlwlrq
surylghv d srlqw hvwlpdwh/ udwkhu wkdq d udqjh/ ri wkh ghjuhh ri ulvn dyhuvlrq
iru hdfk lqglylgxdo lq wkh vdpsoh1 Wkhvh ihdwxuhv pdun d gl�huhqfh ehwzhhq
rxu vwxg| dqg wkdw ri Eduvn|/ Mxvwhu/ Nlpedoo dqg Vkdslur +4<<:, zkr rqo|
rewdlq d udqjh phdvxuh ri +uhodwlyh, ulvn dyhuvlrq dqg d srlqw hvwlpdwh xqghu
wkh dvvxpswlrq wkdw suhihuhqfhv duh vwulfwo| ulvn0dyhuvh dqg xwlolw| lv ri wkh
FUUD w|sh1 Pruh/ wkhlu vdpsoh frqvlvwv ri lqglylgxdov djhg 83 ru deryh/
zklfk pdnhv lw kdug qrw rqo| wr vwxg| wkh djh sur�oh ri ulvn dyhuvlrq exw

9



dovr wr whvw lwv uhodwlrqvklsv zlwk oltxlglw| frqvwudlqwv dqg edfnjurxqg ulvn
vlqfh erwk duh olnho| wr pdwwhu prvw iru wkh |rxqj1: Wkhvh uhodwlrqvklsv duh
lqvwhdg wkh irfxv ri wklv sdshu1

514 Ulvn dyhuvlrq zlwk edfnjurxqg ulvn

Wkh phdvxuh ri ulvn dyhuvlrq lq +6, lv iru qrq0udqgrp lqlwldo zhdowk/ exw
lw lv hdvlo| jhqhudol}hg wr wkh fdvh ri edfnjurxqg ulvn xvlqj wkh uhvxowv ri
Nlkovwurp/ Urphu dqg Zlooldpv +4<;4, dqg Nlpedoo +4<<6,1 Iru wklv sxu0
srvh zh kdyh wr uhvwulfw wkh dqdo|vlv wr ulvn0dyhuvh lqglylgxdov +l1h1 wkrvh
uhsruwlqj ]� ? 8,1

Ohw h|� ghqrwh d }hur0phdq edfnjurxqg ulvn iru lqglylgxdo l/ zkrvh ydul0
dqfh lv �2 1 Ghqrwlqj zlwk H% +{ @ |>S , wkh h{shfwdwlrq zlwk uhvshfw wr
wkh udqgrp yduldeoh h{/ rxu lqgl�huhqfh frqglwlrq iru xqghuwdnlqj wkh orwwhu|
dqg sd|lqj ]� ehfrphv

H+x�+z� . h|�, @ H�H+x�+z� . h|� . hS � ]�, +7,

zkhuh zh kdyh lpsolflwo| dvvxphg wkdw wkh edfnjurxqg ulvn dqg wkh
orwwhu| duh lqghshqghqw/ zklfk lv dvvxuhg e| frqvwuxfwlrq1 Li suhihuhqfhv duh
ulvn0yxoqhudeoh dv lq Jroolhu dqg Sudww +4<<9,/ zh fdq xvh wkh htxlydohqfh=

H+x�+z� . h|�, @ y
�
+z�, +8,

zkhuh y�+z�, lv d frqfdyh wudqvirupdwlrq ri x�/ zklfk lpsolhv wkdw y�+z�,
lv pruh ulvn0dyhuvh wkdq x�+z�,1 Lq rwkhu zrugv/ li frqvxphuv k dqg m duh
erwk ulvn0dyhuvh dqg wkhlu suhihuhqfhv duh ulvn0yxoqhudeoh/ wkhq/ dvvxplqj
z� @ z�/ k lv pruh ulvn0dyhuvh wkdq m li h|� lv ulvnlhu wkdq h|� / l1h1 li kh idfhv
pruh edfnjurxqg ulvn1;

:Krzhyhu/ wkh Eduvn| hw do1 phdvxuh ri ulvn dyhuvlrq kdv rwkhu dgydqwdjhv1 Vlqfh
wkh ulvn wrohudqfh txhvwlrq lv dvnhg lq erwk zdyh L dqg LL ri wkh vxuyh| wkh| xvh dqg d
vxevhw ri wkh uhvsrqghqwv lv frpprq wr erwk zdyhv/ wkh| fdq dffrxqw iru phdvxuhphqw
huuruv lq wkhlu phdvxuh ri uhodwlyh ulvn dyhuvlrq1 Ixuwkhupruh wkh| froohfw lqirupdwlrq rq
lqwhuwhpsrudo vxevwlwxwlrq dqg fdq wkxv vwxg| lwv uhodwlrq zlwk ulvn dyhuvlrq1 Exw wkh|
kdyh qr gluhfw lqirupdwlrq rq oltxlglw| frqvwudlqwv ru rq edfnjurxqg ulvn1

;Suhihuhqfhv duh vdlg wr eh ulvn0yxoqhudeoh li wkh suhvhqfh +ru wkh dgglwlrq, ri dq h{0
rjhqrxv }hur0phdq edfnjurxqg ulvn lqfuhdvhv wkh dyhuvlrq wr dq| rwkhu lqghshqghqw ulvn1
Dq dowhuqdwlyh/ exw voljkwo| pruh uhvwulfwlyh/ suhihuhqfh surshuw| ohdglqj wr dqdorjrxv
ehkdylru lv �vwdqgdugqhvv�/ ghyhorshg e| Nlpedoo +4<<6,1 Vwdqgdugqhvv fruuhvsrqgv wr
yxoqhudelolw| zlwk uhvshfw wr wkh vhw ri ulvnv wkdw duh pdujlqdo0xwlolw| lqfuhdvlqj1

:



Zh fdq wkxv dffrxqw iru edfnjurxqg ulvn e| h{suhvvlqj rxu phdvxuh ri
ulvn dyhuvlrq lq whupv ri wkh xwlolw| ixqfwlrq y�+z�, wr jhw

U�+z�, f �y��
�
+z�,@y

�

�
+z�, @ 7+8� ]�,@

�
432 . 5]2

�
� 53]�

�
+9,

Ulvn dyhuvlrq zloo qrz ydu| qrw rqo| zlwk wkh frqvxphu*v hqgrzphqw
dqg dwwulexwhv exw dovr zlwk dq| vrxufh ri xqfhuwdlqw| fkdudfwhul}lqj klv
hqylurqphqw1 Li phdvxuhv ri wkh odwwhu duh dydlodeoh/ rqh fdq gluhfwo| whvw
iru vwdqgdugqhvv ri suhihuhqfhv1

Lqwhuhvwlqjo|/ wkh vkdsh ri wkh uhodwlrq ehwzhhq U dqg z fdq kdyh lpsol0
fdwlrqv iru wkh vljq ri wkh h�hfw ri edfnjurxqg ulvn rq devroxwh ulvn dyhuvlrq1
Hhnkrxgw/ Jroolhu/ dqg Vfkohvlqjhu +4<<9, vkrz wkdw d vx!flhqw +exw qrw
qhfhvvdu|, frqglwlrq iru devroxwh ulvn dyhuvlrq wr lqfuhdvh zlwk edfnjurxqg
ulvn lv wkdw lw lv d ghfuhdvlqj dqg frqyh{ ixqfwlrq ri wkh hqgrzphqw/ dq dv0
vxpswlrq wkdw lv vdwlv�hg/ iru lqvwdqfh/ e| FUUD xwlolw|1 Jroolhu dqg Sudww
+4<<9, dujxh wkdw wkh frqyh{lw| ri devroxwh ulvn dyhuvlrq vkrxog eh uhjdughg
dv d qdwxudo dvvxpswlrq/ �11 vlqfh lw phdqv wkdw wkh zhdowklhu dq djhqw
lv/ wkh vpdoohu lv wkh uhgxfwlrq lq ulvn suhplxp ri d vpdoo ulvn iru d jlyhq
lqfuhdvh lq zhdowk�1 Wkrxjk sodxvleoh/ wklv dvvhuwlrq lv qrw edfnhg e| dq|
hpslulfdo hylghqfh1 Rxu uhvxowv ohqg vxssruw wr wklv frqmhfwxuh lq wkdw wkh|
lpso| wkdw devroxwh ulvn dyhuvlrq lv d frqyh{ ixqfwlrq ri wkh hqgrzphqw1

6 Ghvfulswlyh hylghqfh

Wkh orwwhu| txhvwlrq zdv vxeplwwhg wr wkh zkroh vdpsoh ri ;/468 krxvhkrog
khdgv/ exw rqo| 6/76< dqvzhuhg dqg zhuh zloolqj wr sduwlflsdwh1 Rxw ri wkh
7/9<9 zkr glg qrw/ 6/443 ryhuwo| uhixvhg wr dqvzhu ru wr sduwlflsdwh zlwk
srvlwlyh sulfh dqg 4/8;9 uhsruwhg d �gr qrw nqrz�1 Wklv lv olnho| wr eh gxh
wr wkh frpsoh{lw| ri wkh txhvwlrq/ zklfk pljkw kdyh ohg vrph sduwlflsdqwv wr
vnls lw dowrjhwkhu ehfdxvh ri wkh uhodwlyho| orqj wlph uhtxluhg wr xqghuvwdqg
lwv phdqlqj dqg wr surylgh dq dqvzhu1<

Wdeoh L uhsruwv ghvfulswlyh vwdwlvwlfv iru wkh zkroh vdpsoh ri ;/468 krxvh0
krogv/ iru wkh vdpsoh ri 6/76< orwwhu| uhvsrqghqwv dqg/ iru wkh odwwhu/ iru

<Rq wkh edvlv ri wkhvh frqvlghudwlrqv dqg ri wkh dfwxdo dprxqwv uhsruwhg +uhodwlyh wr
wkh ydoxhv uhsruwhg iru krxvhkrog zhdowk, lw lv olnho| wkdw vrph uhvsrqghqwv plvxqghuvwrrg
wkh txhvwlrq dqg jdyh huurqhrxv dqvzhuv1 Lq Vhfwlrq 7/ zh dujxh wkdw phdvxuhphqw huuru
gxh wr plvxqghuvwdqglqj ri wkh orwwhu| txhvwlrq lv xqolnho| wr d�hfw wkh frqvlvwhqf| ri rxu
dqdo|vlv1

;



vhyhudo vxe0vdpsohv1 Rxw ri 6/76< lqglylgxdov zloolqj wr sduwlflsdwh lq wkh
orwwhu| wkh juhdw pdmrulw| +:; shufhqw, duh ulvn dyhuvh/ lq wkdw wkh| uhsruw
d pd{lpxp sulfh orzhu wkdq wkh h{shfwhg ydoxh ri wkh orwwhu|> 8:9 lqglylg0
xdov +4: shufhqw ri wkh vdpsoh, duh ulvn qhxwudo/ zkloh rqo| d wlq| plqrulw|
+4;< lqglylgxdov/ 8 shufhqw, duh ulvn oryhu1 Wkh wdeoh uhsruwv fkdudfwhulvwlfv
dovr iru wkhvh wkuhh vxe0vdpsohv1 Wkrvh zkr uhvsrqghg wr wkh orwwhu| txhv0
wlrq duh rq dyhudjh 9 |hduv |rxqjhu wkdq wkh wrwdo vdpsoh dqg kdyh kljkhu
vkduhv ri pdoh0khdghg krxvhkrogv +:<1; frpsduhg wr :717 shufhqw,/ ri pdu0
ulhg shrsoh +:;1< dqg :518 shufhqw uhvshfwlyho|,/ ri vhoi0hpsor|hg +4:1< dqg
4715 shufhqw, dqg ri sxeolf vhfwru hpsor|hhv +5:18 dqg 5616 shufhqw uhvshf0
wlyho|,1 Wkh| duh dovr vrphzkdw zhdowklhu dqg voljkwo| ehwwhu hgxfdwhg +416
pruh |hduv ri vfkrrolqj,1 Wkhvh gl�huhqfhv vhhp wr vxjjhvw wkdw wkhuh duh
vrph v|vwhpdwlf h�hfwv h{sodlqlqj wkh zloolqjqhvv wr uhvsrqg1 Dw wkh vdph
wlph/ krzhyhu/ wkh vpdoo gl�huhqfh lq hgxfdwlrq ehwzhhq wkh wrwdo vdpsoh
dqg wkh vdpsoh ri uhvsrqghqwv vhhpv wr vxjjhvw wkdw 0 lq vr idu dv hgxfdwlrq
lv dovr d sur{| iru ehwwhu xqghuvwdqglqj 0 qrq0uhvsrqvhv fdq dvfulehg rqo|
sduwo| wr gl�huhqfhv lq wkh delolw| wr xqghuvwdqg wkh txhvwlrq143

Wkh wkuhh vxe0vdpsohv ri ulvn0oryhuv/ ulvn0qhxwudo dqg ulvn0dyhuvh frq0
vxphuv h{klelw vhyhudo lqwhuhvwlqj gl�huhqfhv1 Iru prvw fkdudfwhulvwlfv wkh
sdwwhuq kdv d fohdu rughulqj zlwk wkh kljkhvw +ru orzhvw, ydoxh iru wkh ulvn0
oryhuv dqg wkh orzhvw +ru kljkhvw, iru wkh ulvn0dyhuvh/ zlwk ulvn0qhxwudo lq wkh
plggoh1 Ulvn oryhuv duh roghu dqg pruh hgxfdwhg> wkh| duh pruh olnho| wr eh
pdoh/ wr eh pduulhg dqg wr olyh lq wkh Qruwk1 Vwurqj gl�huhqfhv dovr hphujh
frpsdulqj wkh w|sh ri rffxsdwlrq= dprqj wkh ulvn dyhuvh wkh vkduh ri vhoi0
hpsor|hg lv 4919 shufhqw/ dprqj wkh ulvn0surqh lw lv pxfk kljkhu dw durxqg
5918 shufhqw zlwk wkh ulvn0qhxwudo lq ehwzhhq +5415 shufhqw,1Wklv rughulqj
lv uhyhuvhg iru sxeolf vhfwru hpsor|hhv1 Wkh ulvn0oryhuv duh sxeolf hpsor|hhv
lq 57 shufhqw ri wkh fdvhv dqg wkh ulvn0dyhuvh lq 5; shufhqw/ zkloh wkh ulvn0
qhxwudo duh lq ehwzhhq1 Wkhvh gl�huhqfhv duh olnho| wr uh hfw vhoi0vhohfwlrq/
zlwk pruh ulvn dyhuvh lqglylgxdov fkrrvlqj vdihu mrev1 Ilqdoo|/ qrwlfh wkdw
wkh ulvn0oryhuv duh vljql�fdqwo| zhdowklhu wkdq wkh ulvn0dyhuvh/ zkr lq wxuq
duh srruhu wkdq wkh ulvn0qhxwudo1 Lq Vhfwlrq < zh zloo uhwxuq wr wkh uhodwlrq
ehwzhhq ulvn dwwlwxgh dqg wkh ohyho ri zhdowk1

Iljxuh 4 irfxvhv rq wkh odujhu jurxs ri ulvn0dyhuvh frqvxphuv dqg vkrzv
wkh furvv0vhfwlrqdo glvwulexwlrq ri wkh ghjuhh ri uhodwlyh ulvn dyhuvlrq/ re0
wdlqhg e| pxowlso|lqj rxu phdvxuh ri devroxwh ulvn dyhuvlrq e| krxvhkrog

43D surelw uhjuhvvlrq vxjjhvwv wkdw wkh suredelolw| ri uhvsrqglqj wr wkh orwwhu| txhvwlrq
lv kljkhu dprqj |rxqjhu/ pruh hgxfdwhg/ khdowk|/ pdoh0khdghg krxvhkrogv1 Vlqjoh shuvrqv
duh ohvv olnho| wr uhvsrqg1 Lq dgglwlrq/ wkh uhvsrqvh suredelolw| lv kljkhu dprqj sxeolf
hpsor|hhv dqg ghshqgv srvlwlyho| rq wkh qxpehu ri hduqhuv1

<



frqvxpswlrq1 Wkh glvwulexwlrq lv uljkw0vnhzhg dqg wkh phgldq ri uhodwlyh
ulvn dyhuvlrq lv 81;/ vrphzkdw kljkhu wkdq wkh frpprqo| xvhg ydoxh ri 6/ exw
zlwk frqvlghudeoh khwhurjhqhlw| udqjlqj iurp 31338 wr 69171 Ixuwkhupruh/
<3 shufhqw ri wkh furvv0vhfwlrqdo glvwulexwlrq lv frpsulvhg ehwzhhq 517 dqg
4618/ zlwk 4/74: krxvhkrogv +86 shufhqw, idoolqj lq wkh udqjh 51809181 Dv
zh zloo vhh/ prvw ri wklv yduldelolw| fdqqrw eh h{sodlqhg e| dq| revhuydeoh
fkdudfwhulvwlfv1

Wdeoh L dovr uhsruwv dovr wkh fkdudfwhulvwlfv ri wkh prghvwo| ulvn0dyhuvh
frqvxphuv +dw ru ehorz wkh vdpsoh phgldq, dqg ri wkh kljk ulvn0dyhuvh
+deryh phgldq,1 Wr fodvvli| krxvhkrogv zh uho| rq wkh ydoxh ri wkh hqwu|
sulfh/ l1h1 rq devroxwh ulvn dyhuvlrq1 Kljko| ulvn0dyhuvh frqvxphuv duh rq
dyhudjh roghu/ vrphzkdw ohvv zhoo hgxfdwhg/ ohvv olnho| wr eh pduulhg dqg
pruh olnho| wr olyh lq wkh Vrxwk1 Wkh| duh dovr ohvv zhdowk| wkdq wkh prghvwo|
ulvn0dyhuvh/ erwk lq whupv ri qhw zruwk dqg frqvxpswlrq +wkh phgldq qhw
zruwk ri wkh wzr jurxsv lv 45:17 dqg 4;615 ploolrq oluh uhvshfwlyho|,1 Ilqdoo|/
wkh vkduh ri wkh vhoi0hpsor|hg lv 4715 shufhqw iru wkh kljko| ulvn0dyhuvh dqg
4;17 shufhqw iru wkh prghvwo| ulvn dyhuvh/ exw wkdw ri sxeolf vhfwru hpsor|hhv
lv 5:16 dqg 5;18 shufhqw1 Wkxv/ ehlqj ulvn0dyhuvh dv rssrvhg wr ulvn0oryhu
ru ulvn0qhxwudo vhhpv wr h{sodlq vruwlqj lqwr ulvnlhu rffxsdwlrqv/ exw zlwklq
wkh ulvn0dyhuvh jurxs/ gl�huhqfhv lq wkh ghjuhh ri ulvn dyhuvlrq dsshdu wr eh
ohvv uhohydqw lq wklv uhjdug1

7 Hpslulfdo Vshfl�fdwlrq

Prvw ri wkh olwhudwxuh dvvxphv wkdw djhqwv duh ulvn dyhuvh dqg lv lqwhuhvwhg
lq dvvhvvlqj krz ulvn dyhuvlrq ydulhv zlwk wkh frqvxphu*v dwwulexwhv dqg lq
sduwlfxodu zlwk klv hqgrzphqw1 Dffruglqjo|/ wkh qh{w irxu vhfwlrqv irfxv
rq ulvn0dyhuvh lqglylgxdov1 Lq Vhfwlrq < zh orrn dw wkh ghwhuplqdqwv ri wkh
uhjlph ri ulvn dwwlwxghv1

Wr hvwlpdwh wkh uhodwlrq ehwzhhq rxu lqgh{ ri devroxwh ulvn dyhuvlrq
dqg frqvxpswlrq ru zhdowk zh xvh wkh iroorzlqj vshfl�fdwlrq +zh rplw wkh
krxvhkrog lqgh{ l iru euhylw|, =

U+f, @
dh�Mn#

fq
@

�

fq
+:,

zkhuh f lv frqvxpswlrq/ K lv d yhfwru ri frqvxphu fkdudfwhulvwlfv d�hfw0
lqj lqglylgxdo suhihuhqfhv/ � lv d udqgrp vkrfn wr suhihuhqfhv/ d lv d frqvwdqw
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dqg � dqg � duh wzr xqnqrzq sdudphwhuv1 Htxdwlrq +:, lv d jhqhudol}dwlrq
ri devroxwh ulvn dyhuvlrq xqghu FUUD suhihuhqfhv> wkh odwwhu rewdlq zkhq
� @ 4 lq zklfk fdvh � @ dh�Mn# phdvxuhv uhodwlyh ulvn dyhuvlrq1 Qrwlfh
wkdw U+ , lv dozd|v srvlwlyh dqg lv ghfuhdvlqj lq f iru doo srvlwlyh ydoxhv ri
�1 Ixuwkhupruh/ li � A 3/ lw lv dozd|v frqyh{ lq f1 Wkrxjk vlpsoh/ wklv iru0
pxodwlrq lv  h{leoh hqrxjk wr doorz xv wr dqdo|}h wkh fxuydwxuh ri devroxwh
ulvn wrohudqfh/ zklfk lv gh�qhg dv=

W +f, @ �3�fq= +;,

Wkxv/ li � A 3/ ulvn wrohudqfh lv dq lqfuhdvlqj ixqfwlrq ri f> krzhyhu/ lw
zloo eh frqfdyh/ olqhdu ru frqyh{ lq f ghshqglqj rq zkhwkhu � lv ohvv wkdq/
htxdo wr ru juhdwhu wkdq 41 Vlqfh � phdvxuhv wkh vshhg dw zklfk U+, ghfolqhv
zlwk zhdowk/ W +, lv d frqfdyh +uhvshfwlyho| frqyh{, ixqfwlrq ri f li devroxwh
ulvn dyhuvlrq idoov dv frqvxpswlrq lqfuhdvhv dw d vshhg orzhu +uhvshfwlyho|
juhdwhu, wkdq wkdw fkdudfwhul}lqj FUUD suhihuhqfhv1 Vlqfh prvw wkhruhwlfdo
dpeljxlwlhv uhvw rq wkh fxuydwxuh ri W / qrwU/ rxu dssurdfk lv qrw uhvwulfwlyh1

Dowkrxjk htxdwlrq +:, lv dvvxphg/ d xwlolw| ixqfwlrq wkdw jlyhv ulvh wr d
phdvxuh ri devroxwh ulvn dyhuvlrq dv lq +:, lv

x+f, @

]
h3

@e
�Mn#

S
�3q

�3q @

]
h3

VS
�3q

�3q +<,

zklfk frqyhujhv wr wkh FUUD xwlolw| x+f, @ S
�3V

�3V
dv � whqgv wr 4144

Wdnlqj orjv rq erwk vlghv ri +:,/ rxu hpslulfdo vshfl�fdwlrq ehfrphv=

orj+U, @ orj d. �K � � orj f. � +43,

Wkh uhodwlrq ehwzhhq devroxwh ulvn dyhuvlrq dqg frqvxpswlrq dv zhoo dv
wkh fxuydwxuh ri devroxwh wrohudqfh lv wkxv sdudphwhul}hg e| wkh ydoxh ri �1

44Wkh ghjuhh ri devroxwh suxghqfh ri wklv xwlolw| ixqfwlrq lv � ES� ' V

S
� n q

S
> wkxv/

hvwlpdwlrq ri +43, doorzv xv wr uhfryhu dq h{suhvvlrq iru devroxwh suxghqfh dv zhoo1
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Wr whvw zkhwkhu edfnjurxqg ulvn d�hfwv ulvn dyhuvlrq zh dxjphqw +43, e| d
sur{|/ v/ ri vxfk ulvn dqg hvwlpdwh45

orj+U, @ orj d. �K � � orj f. �v. � +44,

8 Uhvxowv

Wdeoh LL vkrzv wkh uhvxowv ri wkh hvwlpdwlrq ri htxdwlrq +43, xvlqj gl�huhqw
phdvxuhv ri frqvxphu uhvrxufhv1 Wkh dqdo|vlv lv frqgxfwhg rq wkh vdpsoh
ri 5/9:7 ulvn0dyhuvh frqvxphuv1 Srvvleoh plvlqwhusuhwdwlrqv ri wkh vxuyh|
txhvwlrq/ dv zhoo dv gl!fxowlhv lq �jxulqj rxw wkh pd{lpxp sulfh wr eh sdlg
vxjjhvw wkdw wkh ohiw0kdqg0vlgh yduldeoh/ U/ lv olnho| wr vx�hu phdvxuhphqw
huuru1 Wklv zloo eh uh hfwhg lq wkh uhvlgxdo � exw/ lq vr idu dv lw lv xqfru0

45Dv srlqwhg rxw hduolhu/ zkhq edfnjurxqg ulvn/ h+/ lv suhvhqw rxu phdvxuh ri ulvn
dyhuvlrq pxvw eh lqwhusuhwhg dv phdvxulqj wkh ulvn dyhuvlrq ri wkh lqgluhfw xwlolw| ixqfwlrq
�ES� ' .�ES n h+�� Wkh sureohp lv wr gudz wkh lpsolfdwlrqv iru wkh uhodwlrq eh0
wzhhq wkh ulvn dyhuvlrq ri �E� dqg wkh hqgrzphqw iurp wkh uhodwlrq ehwzhhq
wkh ulvn dyhuvlrq ri �E� dqg wkh hqgrzphqw1 Wkh lqgluhfw xwlolw| xwlolw| ixqfwlrq
lqkhulwv vhyhudo surshuwlhv ri �E�� Lq sduwlfxodu/ li �E� lv GDUD wkhq dovr �E� lv GDUD1 Ixu0
wkhupruh/ dv vkrzq e| Nlkovwurp/ Urphu dqg Zlooldpv +4<;4,/ frpsdudwlyh ulvn dyhuvlrq
lv suhvhuyhg e| wkh lqgluhfw xwlolw| li �E� lv qrq0lqfuhdvlqj ulvn dyhuvh1 Krzhyhu/ h{fhsw
iru wkh fdvh zkhuh �E� lv FDUD/ wkhuh lv qr forvhg irup h{suhvvlrq iru wkh ixqfwlrq �E�1
Lq wkh iruphu fdvh/ wkh ixqfwlrq �E� lv FDUD dv zhoo dqg lwv ulvn dyhuvlrq lv lqghshqghqw
ri edfnjurxqg ulvn1 Wkxv/ xqghu wkh qxoo wkdw �E� lv FDUD zh vkrxog �qg wkdw q ' f
dqg B ' f lq htxdwlrq +44,1 Krzhyhu/ li wkh xwlolw| ixqfwlrq kdv wkh jhqhudo irup jlyhq e|
htxdwlrq +<, qr lqihuhqfh fdq eh pdgh1 \hw/ li �E� lv FUUD/ wdnlqj d vhfrqg rughu
Wd|oru h{sdqvlrq ri wkh lqgluhfw xwlolw| durxqg h+ ' f |lhogv wkh iroorzlqj lqgh{
ri wkh devroxwh ulvn dyhuvlrq ri wklv dssur{lpdwhg xwlolw|=

�ESc r� ' VS3�d� n
2E� n V�r2

� n VE� n V�r2
o

zkhuh V lv d frqvwdqw dqg r lv wkh frh�flhqw ri yduldwlrq ri wkh frqvxphu*v hqgrzphqw1
Qrwlfh wkdw VS3�lv wkh devroxwh ulvn dyhuvlrq ri �E� dqg wkdw �ESc r� : VS3� li r : f/ l1h1
li wkhuh lv edfnjurxqg ulvn1 Ixuwkhupruh/ vlqfh wkh whup lq vtxduh eudfnhwv lv lqfuhdvlqj
lq rc �E� wrr lv lqfuhdvlqj lv r1 Wklv irupxodwlrq lpsolhv wkdw xqghu wkh qxoo wkdw �E� lv
FUUD zh vkrxog �qg wkdw q ' � dqg B : f zkhq hvwlpdwlqj htxdwlrq +44,1
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uhodwhg zlwk wkh h{sodqdwru| yduldeohv lq htxdwlrq +43,/ lw zloo qrw ohdg wr
eldv exw rqo| wr d orvv ri h!flhqf|146

Lq wkh �uvw froxpq ri wkh Wdeoh zh uhjuhvv orj+U�, rqo| rq +orj, frq0
vxpswlrq dqg gr qrw lqfoxgh dq| krxvhkrog fkdudfwhulvwlfv wkdw fdq sur{|
iru gl�huhqfhv lq wdvwhv1 Dv d phdvxuh ri frqvxpswlrq zh xvh wrwdo h{shq0
glwxuh rq gxudeoh dqg qrq0gxudeoh jrrgv1 Vlqfh suholplqdu| hvwlpdwhv vkrz
wkdw ROV uhvlgxdov duh idu iurp ehlqj qrupdo/ zh uhsruw errvwudsshg vwdq0
gdug huuruv frpsxwhg zlwk 433 uhsolfdwlrqv1 Wkh hvwlpdwh ri � lv 31368 dqg
lv kljko| vwdwlvwlfdoo| vljql�fdqw ohdglqj wr wkh uhmhfwlrq ri suhihuhqfhv zlwk
frqvwdqw devroxwh ulvn dyhuvlrq +FDUD,1 Wkh hvwlpdwhg ydoxh ri � lpsolhv
wkdw devroxwh ulvn dyhuvlrq ghfolqhv zlwk zhdowk exw dw d udwh wkdw lv idu
vorzhu wkdq wkdw lpsolhg e| frqvwdqw uhodwlyh ulvn dyhuvlrq +FUUD, suhi0
huhqfhv1 Lq idfw/ wkh k|srwkhvlv wkdw � @ 4 fdq eh vwurqjo| uhmhfwhg +I
@59/9771;;,1 Lw iroorzv wkdw devroxwh ulvn wrohudqfh lv d frqfdyh ixqfwlrq ri
frqvxphu uhvrxufhv1 Lq wkh vhfrqg froxpq ri wkh wdeoh zh lqfoxgh d vhw ri
vwulfwo| h{rjhqrxv lqglylgxdo fkdudfwhulvwlfv/ vxfk dv jhqghu/ djh/ uhjlrq ri
eluwk dqg qxpehu ri vleolqjv1 Li wdvwhv duh lpsuhvvhg lq rxu fkurprvrphv ru
hyroyh ryhu olih lq d v|vwhpdwlf zd| ru duh d�hfwhg e| wkh fxowxuh ri wkh sodfh
ri eluwk ru e| wkh srvvlelolw| ri uho|lqj rq wkh vxssruw ri d eurwkhu ru vlvwhu/
wkhq wkhvh yduldeohv vkrxog kdyh suhglfwlyh srzhu1 Wkh dqdo|vlv vkrzv wkdw
rqo| wkh uhjlrq ri eluwk dqg wkh qxpehu ri vleolqjv lq idfw gr1 \hw/ d whvw ri
wkh k|srwkhvlv wkdw wkh frh!flhqwv rq jhqghu/ djh dqg qxpehu ri vleolqjv
duh mrlqwo| htxdo wr }hur fdqqrw eh uhmhfwhg dw wkh 8( vljql�fdqfh ohyho +I
@ 515</ s0ydoxh @ 313:96,1 Lqvwhdg/ wkh mrlqw vljql�fdqfh ri wkh 4< uhjlrqdo
gxpplhv47 lqfoxghg lq wkh uhjuhvvlrq/ fdswxulqj wkh uhjlrq ri eluwk/ fdqqrw
eh uhmhfwhg +vhh wkh erwwrp ri Wdeoh LL,1 Ixuwkhupruh/ wkh frh!flhqwv rq
wkhvh gxpplhv +qrw vkrzq, uhyhdo d sdwwhuq= frpsduhg wr wkrvh eruq lq wkh
fhqwudo dqg vrxwkhuq uhjlrqv/ frqvxphuv eruq lq wkh Qruwk duh vrphzkdw
ohvv ulvn0dyhuvh1 Rqh srvvleoh lqwhusuhwdwlrq lv wkdw wkh gxpplhv duh fds0
wxulqj uhjlrqdo gl�huhqfhv lq fxowxuh/ zklfk duh wudqvplwwhg e| xseulqjlqj1
Lqtxlulqj ixuwkhu lqwr wkh uroh ri rwkhu ghprjudsklf yduldeohv vxfk dv idplo|

46Qrwlfh wkdw li - lv phdvxuhg zlwk huuru dq hvwlpdwh ri uhodwlyh ulvn dyhuvlrq zrxog
dovr eh phdvxuhg zlwk huuru1 Krzhyhu/ lq wklv fdvh wkh huuru whup zrxog ghshqg rq zhdowk
dv zhoo/ zklfk zrxog uhvxow lq eldvhg sdudphwhu hvwlpdwhv lq dq htxdwlrq iru uhodwlyh ulvn
dyhuvlrq1 Wklv lv d uhdvrq iru qhjohfwlqj uhodwlyh ulvn dyhuvlrq lq rxu dqdo|vlv1

47Wkh Lwdoldq whuulwru| lv glylghg lqwr 53 uhjlrqv dqg <8 surylqfhv1 Wkh odwwhu fruuhvsrqg
eurdgo| wr XV frxqwlhv1 Zh zloo xvh wkh surylqfldo sduwlwlrqlqj lq Vhfwlrq ; zkhuh zh
orrn dw wkh h�hfw ri edfnjurxqg ulvn dqg oltxlglw| frqvwudlqwv rq ulvn dyhuvlrq1 Iru 74
revhuydwlrqv/ wkh sodfh ri eluwk ri wkh krxvhkrog khdg lv plvvlqj1 H{foxglqj wkhvh/ wkh
uhjuhvvlrq lq froxpq +4, hvwlpdwhg rq wkh uhpdlqlqj 5/966 revhuydwlrqv |lhogv d frh!flhqw
rq orj+frqvxpswlrq, htxdo wr 031367; +vwdqgdug huuru= 3133<;,1
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vl}h ru hgxfdwlrq e| lqfoxglqj wkhp lq wkh uhjuhvvlrq lv sureohpdwlf vlqfh
wkhvh yduldeohv duh wr vrph h{whqw hqgrjhqrxv1 Wkxv/ wkh lqwhusuhwdwlrq ri
wkhlu frh!flhqwv zrxog eh xqfohdu> dffruglqjo| zh hohfw wr irfxv rqo| rq d
vhw ri frqwurov wkdw duh qrw vxemhfw wr wkh uhvsrqghqw*v fkrlfh1

Wkh odvw wzr froxpqv ri wkh wdeoh vkrz d vhw ri uhvxowv edvhg rq wrwdo dqg
�qdqfldo zhdowk/ lqvwhdg ri frqvxpswlrq148 Wkh edvlf �qglqjv duh frq�uphg=
devroxwh ulvn dyhuvlrq lv d ghfuhdvlqj dqg frqyh{ ixqfwlrq ri zhdowk +wrwdo
ru �qdqfldo, exw FUUD suhihuhqfhv duh vwurqjo| uhmhfwhg1 Wkh hodvwlflw| ri
devroxwh ulvn dyhuvlrq wr wrwdo zhdowk dqg wr �qdqfldo zhdowk lv orzhu wkdq
wr frqvxpswlrq/ exw qrw juhdwo| vr/ vxjjhvwlqj vlplodu ghjuhhv ri dyhuvlrq wr
frqvxpswlrq/ zhdowk dqg �qdqfldo ulvn1 Lq doo fdvhv prvw ri wkh yduldqfh ri
revhuyhg ulvn dyhuvlrq lv ohiw xqh{sodlqhg/ dv wkh orz U2v vkrz/ vxjjhvwlqj
wkdw prvw ri wkh wdvwh khwhurjhqhlw| dfurvv frqvxphuv fdqqrw eh dffrxqwhg
iru e| wkh vhw ri yduldeohv wkdw zh fdq revhuyh1 Wkh hvwlpdwhg uhodwlrq
ehwzhhq devroxwh ulvn dyhuvlrq dqg frqvxphu uhvrxufhv lv frqvlvwhqw zlwk
Duurz*v +4<98, k|srwkhvlv wkdw devroxwh ulvn dyhuvlrq vkrxog ghfuhdvh dv
zhdowk lqfuhdvhv zkloh uhodwlyh ulvn dyhuvlrq vkrxog lqfuhdvh= exw wkh odwwhu
lv frqvlvwhqw zlwk wkh iruphu rqo| li wkh zhdowk hodvwlflw| ri devroxwh ulvn
dyhuvlrq lv ohvv wkdq rqh/ dv rxu �qglqjv lqglfdwh1

9 Urexvwqhvv

914 Hqgrjhqrxv frqvxpswlrq dqg zhdowk

Wkh uhvxowv zh kdyh uhsruwhg wkxv idu gr qrw wdnh lqwr dffrxqw wkdw frq0
vxpswlrq dqg zhdowk duh hqgrjhqrxv yduldeohv zklfk duh wkhpvhoyhv d�hfwhg
e| frqvxphu suhihuhqfhv1 Wkxv/ wkh hvwlpdwhg frh!flhqwv duh srwhqwldoo| di0
ihfwhg e| hqgrjhqhlw| eldv1 Wkh gluhfwlrq ri wkh eldv/ krzhyhu/ lv qrw fohdu
d sulrul1 Li pruh ulvn0dyhuvh lqglylgxdov fkrrvh vdihu exw ohvv uhzduglqj
survshfwv/ wkh| pd| hqg xs ehlqj srruhu dqg frqvxph ohvv wkdq wkh ohvv
ulvn0dyhuvh1 Wklv zrxog whqg wr ryhuvwdwh wkh qhjdwlyh uhodwlrq ehwzhhq ulvn
dyhuvlrq dqg zhdowk1 Krzhyhu/ li wkh pruh ulvn dyhuvh duh dovr pruh suxghqw/
fhwhulv sdulexv/ wkh| zloo frpsuhvv fxuuhqw frqvxpswlrq/ vdyh pruh dqg hqg
xs dffxpxodwlqj pruh dvvhwv149 Lq wklv fdvh/ rxu hvwlpdwhv ri wkh uhodwlrqvkls

48Wkh vdpsohv xvhg iru wkhvh uhjuhvvlrqv lv vrphzkdw vpdoohu wkdq wkdw xvhg lq wkh �uvw
wzr froxpqv ehfdxvh ri vrph }hur dqg qhjdwlyh zhdowk revhuydwlrqv1

49Ulvn dyhuvlrq dqg suxghqfh xvxdoo| jr wrjhwkhu1 Li wkh xwlolw| ixqfwlrq lv h{srqhqwldo/
devroxwh ulvn dyhuvlrq dqg suxghqfh duh phdvxuhg e| wkh vdph sdudphwhu> li lw lv FUUD/
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ehwzhhq ulvn dyhuvlrq dqg zhdowk zloo eh eldvhg wrzdugv }hur/ zklfk frxog
sduwo| h{sodlq zk|/ lq rxu hvwlpdwhv/ ulvn dyhuvlrq ghfolqhv rqo| voljkwo| dv
zhdowk lqfuhdvhv1 Rq wkh rwkhu kdqg/ wkh uhodwlrq ehwzhhq ulvn dyhuvlrq dqg
frqvxpswlrq zrxog eh eldvhg grzqzdug/ lpso|lqj wkdw wkh wuxh hodvwlflw|
ri devroxwh ulvn dyhuvlrq wr frqvxpswlrq lv hyhq ohvv wkdq zkdw zh rewdlq1

Wr dgguhvv wklv lvvxh zh uh0hvwlpdwh htxdwlrq +43, zlwk lqvwuxphqwdo
yduldeohv1 Ilqglqj dssursuldwh lqvwuxphqwv iru frqvxpswlrq dqg zhdowk lv
qr hdv| wdvn1 Zh uho| rq wkuhh vhwv ri lqvwuxphqwv1 Iluvw/ zh uho| rq fkdudf0
whulvwlfv ri wkh idwkhu ri wkh krxvhkrog khdg/ qdpho| klv hgxfdwlrq dqg |hdu
ri eluwk/ rq wkh jurxqg wkdw zhdowk lv olnho| wr eh fruuhodwhg zlwk wkdw ri
rqh*v idplo|/ sur{lhg e| wkh idwkhu*v hgxfdwlrq dqg frkruw1 Vhfrqg/ zh xvh
phdvxuhv ri zlqgidoo jdlqv/ vxfk dv d gxpp| iru wkh krxvh ehlqj dftxluhg dv
d uhvxow ri d ehtxhvw ru jliw/ wkh ydoxh ri wudqvihuv uhfhlyhg dqg dq hvwlpdwh
ri wkh fdslwdo jdlq rq wkh krxvh vlqfh wkh wlph ri dftxlvlwlrq1 Wklug/ zh xvh
frqvxphu fkdudfwhulvwlfv wkdw duh olnho| wr eh fruuhodwhg zlwk zhdowk dqg
frqvxpswlrq dqg duh dw ohdvw sduwo| h{rjhqrxv/ vxfk dv hgxfdwlrq dwwdlq0
phqw dqg hgxfdwlrq lqwhudfwhg zlwk djh1 Ryhudoo/ wkh lqvwuxphqwv h{sodlq
derxw 63 shufhqw ri wkh yduldqfh ri +orj, frqvxpswlrq/ doprvw 57 shufhqw
ri wkh yduldqfh ri +orj, wrwdo zhdowk dqg derxw 49 shufhqw ri wkdw ri +orj,
�qdqfldo zhdowk1

Wdeoh LLL vkrzv wkh uhvxowv zkhq frqvxpswlrq/ wrwdo zhdowk dqg �qdqfldo
zhdowk duh xvhg1 Zh uhsruw wkh vshfl�fdwlrq lqfoxglqj djh/ jhqghu/ qxpehu
ri vleolqjv dqg uhjlrq ri eluwk1 Vlqfh iru vrph frqvxphuv wkh lqirupdwlrq
rq wkhlu sduhqwv* fkdudfwhulvwlfv ru rq vrph rwkhu lqvwuxphqwv zhuh plvvlqj
wkh vdpsoh vl}h lv vpdoohu e| derxw 533 revhuydwlrqv zlwk uhvshfw wr wkh
ROV hvwlpdwhv14: Lq doo fdvhv wkh lqvwuxphqwdo yduldeohv hvwlpdwhv uhvxow lq
d odujhu hvwlpdwh +lq devroxwh ydoxh, ri wkh sdudphwhu �1 Iru lqvwdqfh/ zkhq
frqvxpswlrq lv xvhg dv d phdvxuh ri frqvxphu*v hqgrzphqw wkh hvwlpdwhg
� lv 313:89/ pruh wkdq wzlfh dv wkh ROV hvwlpdwh1 Exw wkh gl�huhqfh zlwk
uhvshfw wr wkh ROV hvwlpdwhv grhv qrw fkdqjh wkh suhylrxv frqfoxvlrqv=
devroxwh ulvn dyhuvlrq lv d ghfuhdvlqj ixqfwlrq ri zhdowk dqg erwk FDUD
dqg FUUD suhihuhqfhv duh uhmhfwhg1 Iljxuh 5 uhsruwv wkh ulvn dyhuvlrq0
frqvxpswlrq uhodwlrq zkhq wkh ROV dqg LY hvwlpdwruv duh xvhg1

Wr ixuwkhu yhuli| wkh urexvwqhvv ri rxu uhvxowv/ zh kdyh hvwlpdwhg rxu
edvlf lqvwuxphqwdo yduldeoh vshfl�fdwlrq rq d uhvwulfwhg uhihuhqfh vdpsoh ri

devroxwh suxghqfh lv htxdo wr devroxwh ulvn dyhuvlrq . �*S> li suhihuhqfhv duh ghvfulehg e|
htxdwlrq +44, devroxwh suxghqfh lv htxdo wr devroxwh ulvn dyhuvlrq . q*S�

4:Gl�huhqfhv lq uhvxowv ehwzhhq wkh ROV dqg wkh LY hvwlpdwhv duh qrw gxh wr gl�huhqfhv
lq vdpsoh1 Xvlqj ROV rq wkh vpdoohu vdpsoh |hdogv hvwlpdwhv ri wkh sdudphwhuv vlplodu
wr wkrvh lq Wdeoh LLL1

48



4/:9: krxvhkrogv1 Wklv zdv rewdlqhg iurp wkh vdpsoh ri 5/77< ulvn0dyhuvh
frqvxphuv iru zklfk wkh lqirupdwlrq rq wkh vhw ri lqvwuxphqwv lv dydlodeoh e|
h{foxglqj krxvhkrogv zlwk wrwdo zhdowk ehorz 53 ploolrq oluh +844 revhuyd0
wlrqv,/ fruuhvsrqglqj wr wzlfh rxu k|srwkhwlfdo orwwhu| sul}h +lq idfw/ lw frxog
eh dujxhg wkdw uhvsrqvhv duh d�hfwhg e| wkh vl}h ri wkh orwwhu| wkdw lqglylg0
xdov idfh,> wkrvh zkr uhsruwhg }hur �qdqfldo dvvhwv +456 revhuydwlrqv,/4; lq
dq dwwhpsw wr wdnh lqwr dffrxqw plv0uhsruwlqj dqg xqghuuhsruwlqj ri dvvhwv>
dqg wkrvh zkr duh hlwkhu wrr |rxqj ru wrr rog +ehorz djh 54 ru deryh djh
:8/ 7; revhuydwlrqv, rq wkh jurxqg wkdw gl!fxowlhv lq judvslqj wkh orwwhu|
txhvwlrq vkrxog suredeo| eh frqfhqwudwhg dw wkh wzr wdlov ri wkh djh glvwul0
exwlrq1 Wkh uhvxowv edvhg rq frqvxpswlrq dv vfdoh yduldeoh/ vkrzq lq wkh
odvw froxpq ri Wdeoh LLL/ frq�up wkrvh rewdlqhg rq wkh zkroh vdpsoh/ vkrzq
lq wkh �uvw froxpq14<

915 Vdpsoh vhohfwlrq

Rqh dgglwlrqdo frqfhuq zlwk rxu uhvxowv/ jlyhq wkh uhodwlyho| vpdoo qxpehu
zkr dqvzhuhg wkh orwwhu| txhvwlrq/ lv wkdw qrq0uhvsrqvh pd| eh v|vwhp0
dwlfdoo| uhodwhg wr dwwlwxghv wrzdugv ulvn1 Wr dgguhvv wklv sureohp zh kdyh
uh0hvwlpdwhg rxu prgho xvlqj Khfnpdq +4<:9, wzr0vwhs hvwlpdwru fruuhfwlqj
wkh vhfrqg vwdjh hvwlpdwhv ri ulvn dyhuvlrq iru vhohfwlrq eldv1 Lq wkh �uvw0
vwdjh surelw htxdwlrq/ zh kdyh lqfoxghg/ lq dgglwlrq wr doo wkh h{rjhqrxv
vhfrqg0vwdjh uhjuhvvruv +l1h1 jhqghu/ djh/ qxpehu ri vleolqjv dqg uhjlrq ri
eluwk,/ d vhw ri h{sodqdwru| yduldeohv wkdw duh olnho| wr d�hfw zloolqjqhvv wr
sduwlflsdwh lq wkh vxuyh|/ vxfk dv hgxfdwlrq/ hgxfdwlrq lqwhudfwhg zlwk djh/
djh vtxduhg/ pdulwdo vwdwxv/ krxvhkrog vl}h/ qxpehu ri hduqhuv dqg hpsor|0
phqw vhfwru1 Wkh uhvxowv/ qrw vkrzq iru euhylw|/ frq�up wkh hvwlpdwhv ri
Wdeohv LL1 Wkh Ploov udwlr kdv d vpdoo frh!flhqw dqg lv rqo| vwdwlvwlfdoo| vlj0
ql�fdqw lq rqh fdvh/ zkhq wrwdo zhdowk lv xvhg dv wkh vfdoh yduldeoh/ lpso|lqj

4; Lq wkh vxuyh|/ �qdqfldo dvvhwv lqfoxgh dovr fxuuhqf|/ lq dgglwlrq wr edqn dqg srvwdo
ghsrvlwv dqg erqgv dqg vwrfnv1

4<Dqrwkhu srvvlelolw| lv wkdw wkh txdolw| ri rxu lqglfdwru ri ulvn dyhuvlrq ghshqgv rq wkh
vl}h ri wkh orwwhu| uhodwlyh wr wkh uhvrxufhv ri wkh frqvxphu> lq sduwlfxodu/ lw pd| eh wkdw
iru vrph frqvxphuv wkh orwwhu| lv wrr odujh pdnlqj wkhp xqzloolqj wr dffhsw1 Qrwlfh wkdw
wkh iudplqj ri wkh txhvwlrq lv vxfk wkdw wkh frqvxphu fkrrvhv wkh pd{lpxp orvv kh lv
zloolqj wr lqfxu/ zklfk kh fdq fkrrvh dv vpdoo dv kh zlvkhv1 Wr dgguhvv wklv lvvxh ixuwkhu
zh kdyh hvwlpdwhg rxu edvlf htxdwlrq vsolwwlqj wkh vdpsoh ehorz dqg deryh phgldq zhdowk1
Uhvxowv duh yhu| vlplodu wr wkrvh iru wkh zkroh jurxs1 Wkh ROV hvwlpdwh ri q lv 3135<4
iru krxvhkrogv zlwk ehorz phgldq zhdowk dqg 3136:9 iru wkrvh zlwk deryh phgldq zhdowk1
Erwk frh!flhqwv duh vwdwlvwlfdoo| vljql�fdqw exw zh fdqqrw uhmhfw wkh k|srwkhvlv wkdw wkh|
duh htxdo1
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wkdw vhoi vhohfwlrq lv xqolnho| wr eh d sureohp1

916 Txdqwloh uhjuhvvlrqv

Ilqdoo|/ zh fkhfn rxu uhvxowv iru ghsduwxuh ri wkh glvwulexwlrq ri uhvlgx0
dov iurp v|pphwu| e| hvwlpdwlqj ohdvw devroxwh ghyldwlrq uhjuhvvlrqv xvlqj
Dphp|ld +4<;5, wzr0vwdjh hvwlpdwru wr dffrxqw iru hqgrjhqhlw| eldv1 Jlyhq
wkh frqvlghudeoh khwhurjhqhlw| lq wkh phdvxuh ri ulvn dyhuvlrq/ txdqwloh uh0
juhvvlrqv pd| dovr khos jlyh d vhqvh ri wkh ghwhuplqdqwv ri ulvn dyhuvlrq iru
wkh phgldq frqvxphu1 Dqg xqolnh wkh frqglwlrqdo phdq/ txdqwlohv duh lqydul0
dqw wr prqrwrqlf wudqvirupdwlrqv vxfk dv wdnlqj orjv/ dv lq htxdwlrq +43,/
rxu hpslulfdo vshfl�fdwlrq1 Wdeoh LY vkrzv wkh hvwlpdwhv iru wkh vshfl�fd0
wlrq zlwk rqo| h{rjhqrxv ghprjudsklf fkdudfwhulvwlfv zkhq frqvxpswlrq/
wrwdo zhdowk dqg �qdqfldo zhdowk duh dowhuqdwlyho| xvhg wr phdvxuh hqgrz0
phqw1 Wkh pdlq uhvxowv ri wkh ROV dqg LY hvwlpdwhv uhsruwhg lq Wdeohv
LL dqg LLL duh frq�uphg= iru wkh phgldq frqvxphu devroxwh ulvn dyhuvlrq
ghfolqhv zlwk hqgrzphqw dqg wkh vhqvlwlylw| lv vrphzkdw odujhu iru frq0
vxpswlrq wkdq iru zhdowk1 Ixuwkhupruh/ wkh hvwlpdwhv ri wkh �> wkrxjk
vljql�fdqwo| gl�huhqw iurp }hur +frqwudu| wr FDUD suhihuhqfhv, duh idu eh0
orz 4 lq devroxwh ydoxh +uhmhfwlqj FUUD xwlolw|,1

: Ulvn dyhuvlrq/ edfnjurxqg ulvn dqg oltxlglw|
frqvwudlqwv

Lq d zruog ri lqfrpsohwh pdunhwv wkh dwwlwxgh wrzdugv ulvn/ phdvxuhg e|
zloolqjqhvv wr dffhsw d idlu orwwhu|/ pd| ydu| ehwzhhq frqvxphuv qrw rqo|
ehfdxvh ri gl�huhqfhv lq wdvwh sdudphwhuv exw dovr ehfdxvh wkh| idfh gl�huhqw
hqylurqphqwv1 Lq Vhfwlrq 5 zh kdyh glvfxvvhg krz ulvn dyhuvlrq fdq eh
d�hfwhg e| edfnjurxqg ulvn1 Zloolqjqhvv wr dffhsw wkh vxuyh| orwwhu| pd|
dovr eh d�hfwhg e| wkh srvvlelolw| ri oltxlglw| frqvwudlqwv +Jroolhu/ 5333,1
Lq idfw/ oltxlglw| frqvwudlqwv dfw wr uhgxfh wkh krul}rq/ wkxv olplwlqj wkh
rssruwxqlwlhv wr wlph glyhuvli| dq| ulvn fxuuhqwo| wdnhq/ dffhqwxdwlqj ulvn
dyhuvlrq1 Lq wklv Vhfwlrq zh whvw iru wkhvh h�hfwv/ vwduwlqj zlwk edfnjurxqg
ulvn1
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:14 Ulvn dyhuvlrq dqg edfnjurxqg ulvn

Wr whvw zkhwkhu dwwlwxghv wrzdugv ulvn duh d�hfwhg e| wkh suhvhqfh ri xqlq0
vxudeoh/ lqghshqghqw ulvnv zh qhhg d phdvxuh ri edfnjurxqg ulvn1 Zh xvh
wzr sur{lhv1 Wkh �uvw lv rewdlqhg iurp d vshfldo vhfwlrq ri wkh 4<<8 VKLZ
lq zklfk kdoi wkh krxvhkrogv zhuh dvnhg d vhw ri txhvwlrqv ghvljqhg wr holflw
wkh shufhlyhg suredelolw| ri ehlqj hpsor|hg ryhu wkh wzhoyh prqwkv iroorz0
lqj wkh lqwhuylhz dqg wkh yduldwlrq lq hduqlqjv li hpsor|hg1 Zh xvh wklv
lqirupdwlrq wr frqvwuxfw phdvxuhv ri wkh �uvw wzr prphqwv ri wkh glvwul0
exwlrq ri ixwxuh hduqlqjv iroorzlqj wkh phwkrgrorj| ghyhorshg lq Jxlvr/
Mdsshool dqg Slvwdihuul +4<<;,1 Wkh vhfrqg sur{| uholhv rq shu fdslwd JGS
dw wkh surylqfldo ohyho iru wkh shulrg 4<8504<<5/ zklfk zh xvh wr frpsxwh d
phdvxuh ri wkh yduldelolw| ri JGS lq wkh surylqfh ri uhvlghqfh1

Dv wr wkh �uvw phdvxuh/ lw lv edvhg rq irxu txhvwlrqv rq oderu lqfrph
h{shfwdwlrqv wkdw duh dvnhg wr kdoi ri wkh ryhudoo vdpsoh lq d vshfldo vhfwlrq
ri wkh 4<<8 VKLZ txhvwlrqqdluh1 Wkh vhohfwlrq ri wkh vxe0vdpsoh lv udq0
grp/ edvhg rq zkhwkhu wkh |hdu ri eluwk ri wkh krxvhkrog khdg lv hyhq ru
rgg1 Wkh hpsor|hg dqg mre vhhnhuv duh dvnhg wr uhsruw/ rq d vfdoh iurp 3
wr 433/ wkhlu fkdqfhv ri nhhslqj wkhlu mre ru �qglqj rqh lq wkh qh{w wzhoyh
prqwkv1 Hdfk lqglylgxdo dvvljqlqj d srvlwlyh suredelolw| wr ehlqj hpsor|hg
lv wkhq dvnhg wr uhsruw wkh plqlpxp dqg wkh pd{lpxp lqfrph kh h{shfwv
wr hduq li hpsor|hg dqg wkh suredelolw| ri hduqlqj ohvv wkdq wkh plgsrlqw ri
wkh glvwulexwlrq ri ixwxuh hduqlqjv frqglwlrqdo rq zrunlqj1 Wkhvh gdwd fdq
eh frpelqhg wr rewdlq dq hvwlpdwh ri h{shfwhg hduqlqjv dqg wkhlu yduldqfh/
zklfk zh xvh dv d jdxjh ri edfnjurxqg ulvn1 Vlqfh wkhvh txhvwlrqv zhuh
dgguhvvhg wr rqo| kdoi wkh vdpsoh dqg ri wkrvh lqwhuylhzhg rqo| 7/54; lqgl0
ylgxdov +lq 5/938 krxvhkrogv, uhsolhg/ zkhq frpelqhg zlwk wkh lqirupdwlrq
rq wkh orwwhu|/ zh hqg xs zlwk d uhihuhqfh vdpsoh ri 4/597 revhuydwlrqv/ ri
zklfk <<< duh ulvn0dyhuvh> h{foxglqj revhuydwlrqv zlwk plvvlqj ydoxhv iru wkh
h{sodqdwru| yduldeohv zh hqg xs zlwk d uhihuhqfh vdpsoh ri ;<9 frqvxphuv1
Wkh vxuyh| holflwv lqirupdwlrq rq wkh suredelolw| glvwulexwlrq ri lqglylgxdo
hduqlqjv/ udwkhu wkdq krxvhkrog lqfrph1 Vlqfh wkh orwwhu| txhvwlrq lv sxw wr
wkh krxvhkrog khdg/ wr pdwfk edfnjurxqg ulvn zlwk wkh ulvn0dyhuvlrq phd0
vxuh zh uho| rq khdgv* h{shfwdwlrqv1 Wklv udlvhv wzr lvvxhv1 Iluvw/ iru wkh
yduldqfh ri wkh hduqlqjv ri wkh krxvhkrog khdg wr eh deoh wr lghqwli| edfn0
jurxqg ulvn/ lqfrph ulvn pxvw eh h{rjhqrxv1 Krzhyhu/ dv zh vkrz odwhu/ wkh
dwwlwxgh wrzdugv ulvn d�hfwv mre fkrlfh/ zlwk pruh ulvn0dyhuvh lqglylgxdov
fkrrvlqj vdihu rffxsdwlrqv1 Wklv whqgv wr surgxfh d qhjdwlyh fruuhodwlrq
ehwzhhq hduqlqjv ulvn dqg ulvn dyhuvlrq/ frxqwhudfwlqj wkh edfnjurxqg0ulvn
h�hfw1 Vhfrqg/ wkh krxvhkrog khdg*v zloolqjqhvv wr ehdu ulvn pd| zhoo ghshqg
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rq wkh h{srvxuh wr ulvn ri rwkhu idplo| phpehuv1 Li wkh khdg*v mre fkrlfh
lv qrw d�hfwhg +ru lv rqo| voljkwo| d�hfwhg, e| wkh hduqlqjv ulvn idfhg e|
rwkhu phpehuv ri wkh krxvhkrog 0 iru lqvwdqfh ehfdxvh rffxsdwlrqdo fkrlfh
wdnhv sodfh ehiruh phhwlqj wkh vsrxvh 0 wkhq wkh hduqlqjv ulvnlqhvv ri wkh
rwkhu phpehuv fdq khos lghqwli| wkh h�hfw ri edfnjurxqg ulvn1 Wkxv/ zh zloo
surylgh dovr hvwlpdwhv wkdw wdnh wkh yduldqfh ri wkh hduqlqjv ri wkh vsrxvh
dqg ri wkh dq dgglwlrqdo hduqhu lq wkh krxvhkrog dv h{sodqdwru| yduldeohv1

Wdeoh Y uhsruwv wkh hvwlpdwlrq uhvxowv1 Wkh �uvw froxpq dggv wr rxu
edvlf vshfl�fdwlrq wkh yduldqfh ri wkh hduqlqjv ri wkh krxvhkrog khdg1 Li
wkh krxvhkrog khdg grhv qrw zrun/ zh vhw klv ru khu hduqlqjv yduldqfh htxdo
wr }hur1 Wkh hvwlpdwhg frh!flhqw ri wkh yduldqfh lv vwdwlvwlfdoo| vljql�fdqw
exw lv qhjdwlyh/ zklfk vxjjhvwv wkdw wkh vhoi0vhohfwlrq h�hfw grplqdwhv dq|
edfnjurxqg0ulvn h�hfw1 Wr wu| wr lghqwli| wkh odwwhu/ lq wkh vhfrqg froxpq/
lq dgglwlrq wr wkh krxvhkrog khdg*v hduqlqjv yduldqfh/ zh dgg wkdw ri wkh
vsrxvh dqg ri dq dgglwlrqdo hduqhu1 Li wkh vsrxvh grhv qrw zrun/ zh vhw khu
ru klv hduqlqjv yduldqfh htxdo wr }hur1 Vlploduo|/ li wkhuh lv qr dgglwlrqdo
hduqhu zh uhsodfh klv hduqlqjv yduldqfh zlwk d }hur1 Lqwhuhvwlqjo|/ zkloh wkh
rzq0hduqlqjv yduldqfh vwloo fduulhv d qhjdwlyh dqg vljql�fdqw frh!flhqw/ wkh
yduldqfh ri wkh hduqlqjv ri wkh dgglwlrqdo hduqhu dqg ri wkh vsrxvh kdyh d srv0
lwlyh lpsdfw rq wkh ghjuhh ri ulvn dyhuvlrq/ frqvlvwhqw zlwk wkh edfnjurxqg
ulvn h{sodqdwlrq1 Wkhlu suhflvlrq/ krzhyhu/ lv wrr orz wr shuplw frqfoxvlrqv1
Ixuwkhupruh/ li rffxsdwlrqdo fkrlfhv zlwklq wkh krxvhkrog duh d froohfwlyh
ghflvlrq/ wkh ulvnlqhvv ri wkh rffxsdwlrq ri rqh phpehu pd| d�hfw wkh mre
fkrlfh ri dqrwkhu dqg rxu hvwlpdwhv zrxog eh eldvhg grzqzdug153

Wr dgguhvv wklv sureohp zh xvh wkh vhfrqg lqglfdwru ri edfnjurxqg ulvn/
rewdlqhg iurp wlph vhulhv gdwd rq surylqfldo JGS1 Iru hdfk surylqfh zh
uhjuhvv wkh +orj, JGS rq d wlph wuhqg dqg frpsxwh wkh uhvlgxdov1 Zh wkhq
fdofxodwh wkh yduldqfh ri wkh uhvlgxdov dqg dwwdfk wklv hvwlpdwh wr doo krxvh0
krogv olylqj lq wkh vdph surylqfh1 Wklv lv dq hvwlpdwh ri djjuhjdwh ulvn dqg
vkrxog eh odujho| h{rjhqrxv xqohvv ulvn0dyhuvh frqvxphuv pryh wr surylqfhv
zlwk orz yduldqfh JGS +zh uhwxuq wr wklv lvvxh vkruwo|,1 Wkh wklug froxpq
uhsruwv wkh hvwlpdwhv xvlqj wklv phdvxuh dv d sur{| iru edfnjurxqg ulvn dqg
frqvxpswlrq dv vfdoh yduldeoh1 Wkh ghjuhh ri ulvn dyhuvlrq lv lqfuhdvlqj lq
wkh yduldqfh ri shu fdslwd JGS lq wkh surylqfh ri uhvlghqfh hyhq diwhu frq0
wuroolqj iru uhjlrq ri eluwk/ dqg wkh h�hfw lv vwdwlvwlfdoo| vljql�fdqw1 Wklv

53 Li/ dv vxjjhvwhg lq irrwqrwh 45/ wkh vtxduh ri wkh frh!flhqw ri yduldwlrq ri ixwxuh lqfrph
lv xvhg wr phdvxuh edfnjurxqg ulvn/ uhvxowv +d sduw iurp vfdoh, zrxog eh xqd�hfwhg1 Wkh
sdudphwhu ri wkh +vtxduh ri, frh!flhqw ri yduldwlrq ri wkh vxuyh| uhvsrqghqw lv 03158;5
+vwdqgdug huuru= 3145;, dqg wkrvh ri wkh vsrxvh dqg rwkhu hduqhu 3147:: dqg 313746/
uhvshfwlyho| +vwdqgdug huuruv= 31548 dqg 31443/ uhvshfwlyho|,
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lv frqvlvwhqw zlwk edfnjurxqg ulvn prghov= lqfuhdvlqj rxu phdvxuh ri edfn0
jurxqg ulvn e| rqh vwdqgdug ghyldwlrq lqfuhdvhv devroxwh ulvn dyhuvlrq e|
derxw 4 shufhqw1 Li ulvn0dyhuvh lqglylgxdov whqg wr pryh iurp kljk0yduldqfh
wr orz0yduldqfh surylqfhv wklv zrxog whqg wr jhqhudwh d qhjdwlyh fruuhodwlrq
ehwzhhq ulvn dyhuvlrq dqg edfnjurxqg ulvn> wkxv wkh deryh lv/ li dq|wklqj/ d
orzhu erxqg ri wkh wuxh h�hfw ri edfnjurxqg ulvn1 Wkh hvwlpdwhv duh urexvw
wr d foxvwhu fruuhfwlrq iru surylqfh h�hfwv dv zhoo dv wr wkh xvh ri zhdowk
lqvwhdg ri frqvxpswlrq wr phdvxuh krxvhkrog uhvrxufhv154 Ixuwkhupruh/ dv
vkrzq lq wkh irxuwk froxpq wkh| duh urexvw wr wkh suhvhqfh ri rxwolhuv= xv0
lqj ODG hvwlpdwhv/ wkh frh!flhqw ri edfnjurxqg ulvn lv vrphzkdw orzhu exw
pruh suhflvho| hvwlpdwhg1

:15 Ulvn dyhuvlrq dqg oltxlglw| frqvwudlqwv

Wr whvw zkhwkhu devroxwh ulvn dyhuvlrq ydulhv zlwk wkh suredelolw| ri idf0
lqj oltxlglw| frqvwudlqwv/ zh uho| rq lqirupdwlrq frqwdlqhg lq wkh VKLZ
rq wkh dydlodelolw| ri ordqv wr krxvhkrogv1 Doo vxuyh|v vlqfh 4<;< dvn wzr
txhvwlrqv dlphg dw phdvxulqj krxvhkrogv* dffhvv wr wkh fuhglw pdunhw1 Wkh
�uvw lqglfdwhv zkhwkhu d frqvxphu lv d �glvfrxudjhg eruurzhu�/ wkh vhf0
rqg zkhwkhu kh lv d �wxuqhg0grzq dssolfdqw�*1 Zh fodvvli| frqvxphuv dv
oltxlglw|0frqvwudlqhg li wkh| uhvsrqg srvlwlyho| wr dw ohdvw rqh ri wkh iroorz0
lqj txhvwlrqv= �Gxulqj wkh |hdu glg |rx ru d phpehu ri wkh krxvhkrog wklqn
ri dsso|lqj iru d ordq ru d pruwjdjh wr d edqn ru rwkhu �qdqfldo lqwhuph0
gldu|/ exw wkhq fkdqjhg |rxu plqg rq wkh h{shfwdwlrq wkdw wkh dssolfdwlrq
zrxog eh wxuqhg grzqB�/ �Gxulqj wkh |hdu glg |rx ru d phpehu ri wkh
krxvhkrog dsso| iru d ordq ru d pruwjdjh wr d edqn ru rwkhu �qdqfldo lq0
whuphgldu| dqg kdyh |rxu dssolfdwlrq wxuqhg grzqB�1 Lq hdfk |hdu derxw 5
shufhqw ri wkh vdpsoh krxvhkrogv zhuh glvfrxudjhg iurp eruurzlqj +l1h1 dq0
vzhuhg �|hv� wr wkh �uvw txhvwlrq,/ zkloh 4 shufhqw zhuh wxuqhg grzq +�|hv�
wr wkh vhfrqg txhvwlrq,1 Wr rewdlq dq hvwlpdwh ri wkh suredelolw| ri ehlqj
oltxlglw|0frqvwudlqhg/ zh frpsxwh wkh vkduh ri krxvhkrogv lq d surylqfh wkdw
duh glvfrxudjhg eruurzhuv ru uhmhfwhg dssolfdqwv e| srrolqj wkh vxuyh| |hduv
4<;</ 4<<4/ 4<<6 dqg 4<<81 Wklv surfhgxuh fdq eh mxvwl�hg rq wkh jurxqgv
ri v|vwhpdwlf gl�huhqfhv lq dffhvv wr fuhglw ehwzhhq orfdo fuhglw pdunhwv1
Vxfk gl�huhqfhv fdq uhvxow iurp gl�huhqfhv lq wkh ghjuhh ri mxglfldo hqirufh0

54Zkhq wkh foxvwhu fruuhfwlrq lv xvhg wkh srlqw hvwlpdwh +zklfk lv reylrxvo| xqfkdqjhg,
ri wkh frh!flhqw ri wkh yduldqfh ri wkh vkrfnv wr surylqfldo JGS uhwdlqv lwv vljql�fdqfh1
Zkhq zhdowk lv xvhg lqvwhdg ri frqvxpswlrq/ wkh srlqw hvwlpdwh lv vrphzkdw juhdwhu
+415<, dqg hvwlpdwhg zlwk juhdwhu suhflvlrq1
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phqw/ zklfk/ dv lv vkrzq e| Jhqhudoh dqg Jreel +4<<9,/ ydulhv frqvlghudeo|
dfurvv Lwdoldq surylqfhv1 Dowhuqdwlyho|/ dv lv dujxhg e| Jxlvr/ Vdslhq}d dqg
]lqjdohv +5333,/ wkh| pd| uh hfw gl�huhqfhv lq wkh ghjuhh ri vrfldo fdslwdo
dqg wuxvw dfurvv surylqfhv1 Wkh fuhglw udwlrqlqj lqglfdwruv edvhg rq wkh
surylqfldo dyhudjhv h{klelw frqvlghudeoh yduldwlrq/ udqjlqj iurp 316 wr ;1;
shufhqw/ zlwk d phgldq ri 514 shufhqw1

Wkh hvwlpdwlrq uhvxowv uhsruwhg lq Wdeoh YL uhihu wr wkh edvlf vshfl�0
fdwlrq lqfoxglqj wkh h{rjhqrxv ghprjudsklf fkdudfwhulvwlfv dqg xvlqj frq0
vxpswlrq wr phdvxuh lqglylgxdo hqgrzphqw1 Li wrwdo ru �qdqfldo zhdowk lv
xvhg vlplodu uhvxowv rewdlq1 Wkh lqvwuxphqwdo yduldeoh hvwlpdwhv uhsruwhg
lq froxpq 4 vkrz wkdw rxu phdvxuh ri wkh suredelolw| ri ehlqj fuhglw frq0
vwudlqhg kdv d srvlwlyh dqg vwdwlvwlfdoo| vljql�fdqw h�hfw rq devroxwh ulvn
dyhuvlrq= lqfuhdvlqj wkh suredelolw| ri oltxlglw| frqvwudlqwv iurp wkh phgldq
wr wkh <8wk shufhqwloh lqfuhdvhv ulvn dyhuvlrq e| 618 shufhqw1 Fruuhfwlqj wkh
uhvlgxdov iru surylqfldo foxvwhu ohdyhv wkh uhvxow xqfkdqjhg1 Wkh vhfrqg fro0
xpq vkrzv wkdw frqfoxvlrqv duh xqd�hfwhg li wkh frqglwlrqdo phgldq udwkhu
wkdq wkh frqglwlrqdo phdq lv hvwlpdwhg1 Krzhyhu/ wkh odwwhu hvwlpdwhv vkrz
wkdw wkh h�hfw ri oltxlglw| frqvwudlqwv rq wkh ghjuhh ri devroxwh ulvn dyhuvlrq
lv vpdoohu iru wkh phgldq frqvxphu wkdq iru wkh dyhudjh frqvxphu1 Vwloo xvlqj
wkh ODG hvwlpdwru/ lq wkh wklug froxpq zh uhsodfh wkh surylqfldo phdvxuh ri
wkh suredelolw| ri oltxlglw| frqvwudlqwv zlwk d gxpp| htxdo wr 4 iru krxvh0
krogv wkdw duh hlwkhu glvfrxudjhg ru wxuqhg0grzq lq 4<<81 Wklv lqglfdwru
lv olnho| wr eh d ohvv suhflvh sur{| iru wkh suredelolw| ri oltxlglw| frqvwudlqw
vlqfh vrph krxvhkrogv wkdw duh jrrg fdqglgdwhv iru ehlqj wxuqhg grzq ru
ehlqj glvfrxudjhg dssolfdqwv glg qrw dfwxdoo| dsso| ru wklqn ri dsso|lqj
lq 4<<8> frqvhtxhqwo|/ wkh| zloo eh fodvvl�hg dv qrq0oltxlglw|0frqvwudlqhg/
ohdglqj wr ohvv suhflvh hvwlpdwhv1 Wkh hvwlpdwhg oltxlglw| frqvwudlqw frh!0
flhqw lv srvlwlyh dqg vljql�fdqw/ dqg wkh srlqw hvwlpdwh lpsolhv wkdw li wkh
phgldq frqvxphu lv oltxlglw| frqvwudlqhg klv ghjuhh ri ulvn dyhuvlrq lv derxw
4 shufhqw juhdwhu wkdq rwkhuzlvh1 Vlplodu uhvxowv +qrw uhsruwhg, rewdlq li
wkh lqglfdwru ri glvfrxudjhg eruurzhuv dqg wkdw ri uhmhfwhg dssolfdqwv duh
hqwhuhg vhsdudwho|/ wkrxjk lq wklv fdvh wkh gxpp| iru uhmhfwlrq fduulhv d
frh!flhqw wkdw lv wzlfh dv kljk dv iru glvfrxudjhg eruurzhuv1

Rqh �qdo frqfhuq zlwk wkhvh uhvxowv lv wkdw wkh lqglfdwru ri oltxlg0
lw| frqvwudlqwv pd| eh sur{|lqj iru edfnjurxqg ulvn1 Li lqwhuphgldulhv duh
pruh frqvhuydwlyh lq wkhlu ohqglqj srolf| lq surylqfhv zkhuh lqfrph lv pruh
yrodwloh/ wkhq wkh lqglylgxdo suredelolw| ri ehlqj wxuqhg grzq lv kljkhu lq
duhdv zlwk kljk edfnjurxqg ulvn1 Wr fkhfn wklv srvvlelolw|/ lq wkh odvw froxpq
zh dgg wr wkh vhw ri h{sodqdwru| yduldeohv rxu phdvxuh ri wkh yduldqfh ri

54



surylqfldo JGS1 Uhvxowv duh urexvw wr wklv prgl�fdwlrq= frpsduhg wr fro0
xpq 5/ wkh frh!flhqw rq oltxlglw| frqvwudlqwv lv voljkwo| uhgxfhg/ frqvlvwhqw
zlwk wkh lghd wkdw lqfrph xqfhuwdlqw| dqg oltxlglw| frqvwudlqwv pd| eh srv0
lwlyho| fruuhodwhg/ exw uhwdlqv lwv vwdwlvwlfdo vljql�fdqfh1 Ixuwkhupruh/ wkh
yduldqfh ri surylqfldo JGS dovr fduulhv d srvlwlyh dqg vwdwlvwlfdoo| vljql�0
fdqw frh!flhqw/ zklfk lv rqo| voljkwo| vpdoohu wkdq wkdw uhsruwhg lq Wdeoh
Y/ froxpq 71 Lq vxp/ wklv hylghqfh vxjjhvwv wkdw erwk oltxlglw| frqvwudlqwv
dqg edfnjurxqg ulvn irujh frqvxphuv dwwlwxghv wrzdugv ulvn1

; Zhdowk/ ulvn orylqj dqg ulvn dyhuvlrq

Wkxv idu zh kdyh olplwhg wkh dqdo|vlv wr wkh ghwhuplqdqwv ri wkh ghjuhh ri
ulvn dyhuvlrq dprqj lqglylgxdov zkr duh ulvn0dyhuvh1 Dv Wdeoh L vkrzv/ zkloh
wkh ydvw pdmrulw| ri wkh vdpsoh duh ulvn0dyhuvh/ 4: shufhqw ri wkh uhvsrqghqwv
duh zloolqj wr sd| wkh h{shfwhg ydoxh ri wkh orwwhu| 0 l1h1 duh ulvn0qhxwudo
0 dqg 8 shufhqw duh uhdg| wr sd| pruh wkdq wkh h{shfwhg ydoxh= wkdw lv/
wkh| duh ulvn oryhuv1 Lq wklv vhfwlrq zh orrn dw wkh ghwhuplqdqwv ri wkh
uhjlph ri dwwlwxgh wrzdugv ulvn1 Wr wklv sxusrvh/ zh frqvwuxfw d glvfuhwh
yduldeoh wkdw lv htxdo wr 6 iru wkh ulvn0dyhuvh/ 5 iru wkh ulvn0qhxwudo/ dqg
wr 4 iru wkh ulvn oryhu1 Zh wkhq hvwlpdwh dq rughuhg surelw prgho uhodwlqj
wklv yduldeoh wr d vhw ri revhuydeoh h{rjhqrxv lqglylgxdo fkdudfwhulvwlfv dqg
wr phdvxuhv ri frqvxphu hqgrzphqw1 Uhvxowv duh vkrzq lq Wdeoh YLL1 Wkh
uhjuhvvlrqv lq wkh �uvw dqg vhfrqg froxpq lqfoxgh dv h{sodqdwru| yduldeohv
rqo| vwulfwo| h{rjhqrxv fkdudfwhulvwlfv/ soxv d olqhdu dqg txdgudwlf whup ri
wkh frqvxphu hqgrzphqw1 Wkh ulvn dwwlwxgh uhjlph lv lqghshqghqw ri djh +ru/
htxlydohqwo|/ |hdu ri eluwk, dqg ri wkh qxpehu ri vleolqjv exw lv d�hfwhg e|
jhqghu/ zlwk phq ohvv olnho| wr eh ulvn0dyhuvh wkdq zrphq/ zklfk lv frqvlvwhqw
zlwk vrph ri wkh �qglqjv ri Vfkxehuw/ Eurzq/ J|vohu dqg Eudfklqjhu +4<<<,1
Ixuwkhupruh/ uhjlrq ri eluwk lv v|vwhpdwlfdoo| uhodwhg wr ehlqj ulvn0dyhuvh/
ulvn0qhxwudo ru ulvn oryhu= wkrvh eruq lq wkh vrxwkhuq uhjlrqv duh pruh olnho|
wr eh ulvn0dyhuvh wkdq wkrvh eruq lq wkh Qruwk1 Krzhyhu/ vlqfh d odujh
iudfwlrq ri wkrvh eruq lq dq duhd frqwlqxh wr olyh wkhuh wkh uhjlrq ri eluwk
pd| eh qrw rqo| slfnlqj xs ihdwxuh ri suhihuhqfhv wkdw fdq eh wudfhg edfn wr
xseulqjlqj exw dovr wkh lpsdfw ri wkh fxowxuh dqg wdvwhv ri wkh suhvhqw duhd ri
uhvlghqfh1 Wr dvvhvv wkh uhodwlyh lpsruwdqfh ri wkhvh wzr h�hfwv zh dgg d vhw
ri gxpplhv iru uhjlrq ri uhvlghqfh1 Wkh hvwlpdwhv 0 qrw uhsruwhg iru euhylw|
0 ri wkh frh!flhqwv rq erwk vhwv ri gxpplhv duh vwdwlvwlfdoo| vljql�fdqw
zlwk d s0ydoxh ehorz 3136 iru wkh gxpplhv iru wkh uhjlrq ri eluwk dqg qhdu
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}hur iru wkh gxpplhv iru wkh uhjlrq ri uhvlghqfh155 Wklv vxjjhvwv wkdw hyhq
frqwuroolqj iru wkh duhd ri uhvlghqfh kdylqj ehhq eruq lq wkh Vrxwk pdnhv
lqglylgxdov pruh olnho| wr eh ulvn0dyhuvh1 Dw wkh vdph wlph/ wkh vlpsoh idfw
ri olylqj lq wkh Vrxwk lqfuhdvhv wkh olnholkrrg ri ulvn dyhuvlrq/ lqghshqghqwo|
ri sodfh ri eluwk1 Wkxv/ lqglylgxdo suhihuhqfhv dsshdu wr eh vkdshg e| wkh
fxowxuh dqg wdvwhv erwk ri wkh sodfh ri eluwk dqg ri wkh duhd ri uhvlghqfh1

Wkh uhjuhvvlrqv lq wkh wdeoh dovr lqfoxgh d vhfrqg rughu sro|qrpldo lq d
phdvxuh ri krxvhkrog hqgrzphqw= lq wkh �uvw froxpq zh lqfoxgh wkh ohyho
ri frqvxpswlrq> lq wkh vhfrqg/ wrwdo zhdowk1 Wkh dqdo|vlv vxjjhvwv wkdw
wkh suredelolw| ri ehlqj ulvn0dyhuvh lv kljk exw ghfuhdvlqj dw orz ydoxhv ri
zhdowk dqg djdlq kljk dqg lqfuhdvlqj iru kljk ydoxhv/ zkhuhdv lw lv orz iru
ydoxhv ri zhdowk lq ehwzhhq1 Wkhvh uhvxowv duh frqvlvwhqw zlwk wkh prgho
ri Iulhgpdq dqg Vdydjh +4<7;,/ zklfk lpsolhv wkdw wkh xwlolw| ixqfwlrq pd|
eh frqfdyh +lpso|lqj ulvn dyhuvlrq, dw yhu| orz dqg dw yhu| kljk ohyhov ri
zhdowk dqg frqyh{ +ru shukdsv olqhdu, dw lqwhuphgldwh ohyhov +lpso|lqj ulvn
orylqj ru qhxwudolw|,1 Wklv k|srwkhvlv uhfrqflohv wkh wkhruhwlfdo suhglfwlrq
wkdw lqglylgxdov vkrxog qrw hqwhu idlu orwwhulhv/ pxfk ohvv xqidlu rqhv/ zlwk
wkh hylghqfh wkdw lqglylgxdov +sduwlfxoduo| orz0lqfrph lqglylgxdov, jdpeoh
dqg hyhq sxufkdvh xqidlu orwwhulhv1 Lq dgglwlrq/ lw lv frqvlvwhqw dovr zlwk wkh
hylghqfh wkdw pdq| frqvxphuv ex| erwk orwwhu| wlfnhwv dqg lqvxudqfh156

< Suhglfwlqj ehkdylru zlwk ulvn dyhuvlrq

Dwwlwxghv wrzdugv ulvn vkrxog d�hfw frqvxphuv* zloolqjqhvv wr ehdu ulvn lq d
ydulhw| ri vlwxdwlrqv1 Lq wklv vhfwlrq zh grfxphqw wkdw rxu phdvxuh ri ulvn
suhihuhqfhv grhv kdyh suhglfwlyh srzhu zlwk uhvshfw wr frqvxphu fkrlfhv1
Li gl�huhqw mrev gl�hu qrw rqo| lq h{shfwhg uhwxuq exw dovr lq wkh ulvnlqhvv
ri wkrvh uhwxuqv/ lqglylgxdov vkrxog vruw wkhpvhoyhv lqwr rffxsdwlrqv rq wkh
edvlv ri wkhlu ulvn dyhuvlrq1 Vlploduo|/ wkh zloolqjqhvv wr krog ulvnlhu sruwirolrv
vkrxog eh orzhu dprqj ulvn0dyhuvh frqvxphuv wkdq dprqj wkh ulvn0qhxwudo
ru ulvn0surqh dqg dprqj wkh iruphu vkrxog eh orzhu iru wkrvh zkr glvolnh
ulvn pruh vwurqjo|1 Vlplodu dujxphqwv fdq eh pdgh iru wkh ghpdqg iru
lqvxudqfh/ wkh ghflvlrq wr pljudwh dqg wkh frqvxphu khdowk frqglwlrq lq vr
idu dv lw ghshqgv rq krz fdxwlrxv d frqvxphu lv1 Wdeoh YLLL fkhfnv wkhvh
suhglfwlrqv1

55Wkh k|srwkhvlv ri htxdo frh!flhqwv fdqqrw eh uhmhfwhg +R0ydoxh durxqg 315,1
56Vhh Iulhgpdq dqg Vdydjh +4<7;, iru d wkrurxjk dqdo|vlv1
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<14 Fkrlfh ri rffxsdwlrq

Sdqho D ri Wdeoh YLLL uhsruwv wkh uhvxowv ri hvwlpdwlqj surelw uhjuhvvlrqv iru
rffxsdwlrq fkrlfhv1 Zh irfxv rq wkh ghflvlrq wr eh vhoi0hpsor|hg +�uvw wzr
froxpqv, dqg wr ehfrph d sxeolf vhfwru hpsor|hh +odvw wzr froxpqv,1 Doo uh0
juhvvlrqv lqfoxgh dv frqwurov wkh zrunhu*v djh/ qxpehu ri vleolqjv/ krxvhkrog
vl}h dqg qxpehu ri hduqhuv/ gxpplhv iru jhqghu/ pdulwdo vwdwxv/ hgxfdwlrq/
uhjlrq ri eluwk/ dqg krphrzqhuvkls1 Wkh �uvw froxpq vkrzv wkh uhjuhvvlrq
iru wkh zkroh vdpsoh lqfoxglqj dv h{sodqdwru| yduldeohv d gxpp| iru ulvn0
dyhuvh frqvxphuv dqg d gxpp| iru ulvn0qhxwudo lqglylgxdov1 Wkh ehqfkpdun
lv d gxpp| iru ulvn0oryhuv1 Ulvn0dyhuvh frqvxphuv duh ohvv olnho| wkdq ulvn0
oryhuv wr eh vhoi0hpsor|hg/ dqg wkh frh!flhqw lv vwdwlvwlfdoo| vljql�fdqw dw
ohvv wkdq wkh 315 shufhqw ohyho1 Wkh frh!flhqw rq wkh gxpp| iru ulvn0qhxwudo
frqvxphuv lv doprvw kdoi dv juhdw dv wkdw iru wkh ulvn0dyhuvh lqglfdwru/ exw lw
lv vwdwlvwlfdoo| vljql�fdqw rqo| dw wkh < shufhqw ohyho1 Wkhvh gl�huhqfhv duh
hfrqrplfdoo| uhohydqw= ehlqj ulvn0dyhuvh udwkhu wkdq ulvn0oryhu orzhuv wkh
suredelolw| ri ehlqj vhoi0hpsor|hg e| ; shufhqwdjh srlqwv/ ru 77 shufhqw ri
wkh vdpsoh vkduh ri vhoi0hpsor|hg/ vxjjhvwlqj wkdw vhoi0vhohfwlrq lv lqghhg dq
lpsruwdqw ihdwxuh dqg wkxv vxssruwlqj rxu lqwhusuhwdwlrq lq Vhfwlrq : ri wkh
qhjdwlyh fruuhodwlrq ehwzhhq wkh ghjuhh ri devroxwh ulvn dyhuvlrq dqg wkh
yduldqfh ri hduqlqjv1 Wkh vhfrqg froxpq uhvwulfwv wkh vdpsoh wr ulvn0dyhuvh
krxvhkrogv dqg xvhv dv h{sodqdwru| yduldeoh rxu phdvxuh ri devroxwh ulvn
dyhuvlrq1 Reylrxvo|/ zlwklq wkh fodvv ri ulvn0dyhuvh lqglylgxdov wkrvh zkr
duh pruh vwurqjo| ulvn0dyhuvh vkrxog eh ohvv olnho| wr fkrrvh ulvn| mrev1 Wklv
lv frq�uphg e| wkh hvwlpdwhv/ zklfk lpso| d qhjdwlyh frh!flhqw iru wkh
ghjuhh ri ulvn dyhuvlrq= lqfuhdvlqj devroxwh ulvn dyhuvlrq e| rqh vwdqgdug
ghyldwlrq orzhuv wkh suredelolw| ri ehlqj vhoi0hpsor|hg e| 517 shufhqwdjh
srlqwv +47 shufhqw ri wkh xqfrqglwlrqdo suredelolw|,1

Wkh wklug dqg irxuwk froxpqv hvwlpdwh wkh suredelolw| ri ehlqj d sxeolf
vhfwru hpsor|hh rq wkh zkroh vdpsoh dqg wkh vdpsoh ri ulvn0dyhuvh lqgl0
ylgxdov1 Frqvlvwhqw zlwk wkh jhqhudo shufhswlrq wkdw sxeolf mrev duh pruh
vhfxuh/57 rxu hvwlpdwhv vkrz wkdw ulvn0dyhuvh lqglylgxdov duh pruh olnho| wkdq
wkh ulvn0oryhuv wr zrun lq wkh sxeolf vhfwru1 Frpsduhg zlwk ulvn0surqh/ wkh
ulvn0dyhuvh kdyh d :0srlqw kljkhu fkdqfh ri ehlqj lq wkh sxeolf vhfwru +fru0
uhvsrqglqj wr 58 shufhqw ri wkh xqfrqglwlrqdo suredelolw|,1 Ixuwkhupruh/
dprqj wkh ulvn0dyhuvh/ wkh suredelolw| ri fkrrvlqj wkh vdihu rffxsdwlrq lv
dq lqfuhdvlqj ixqfwlrq ri wkh ghjuhh ri ulvn dyhuvlrq= lqfuhdvlqj wkh odwwhu
e| rqh vwdqgdug ghyldwlrq udlvhv wkh suredelolw| ri ehlqj d sxeolf vhfwru

57 Lq Lwdo| iru lqvwdqfh/ sxeolf vhfwru hpsor|hhv fdqqrw eh odlg r� h{fhsw lq d ihz h{wuhph
flufxpvwdqfhv ri plvfrqgxfw1

57



hpsor|hh e| 919 shufhqwdjh srlqwv +derxw 57 shufhqw ri wkh vdpsoh phdq,/
vxjjhvwlqj djdlq wkdw ulvn suhihuhqfhv kdyh d vwurqj lpsdfw rq mre fkrlfh1

<15 Dvvhw doorfdwlrq

Wkh vhfrqg sdqho ri Wdeoh YLLL vkrzv wkh h�hfw ri wkh ulvn dwwlwxgh lqglfd0
wruv dqg ri wkh ghjuhh ri ulvn dyhuvlrq rq wkh rzqhuvkls dqg sruwirolr vkduh
ri ulvn| �qdqfldo dvvhwv/ l1h1h sulydwh erqgv/ vwrfnv dqg pxwxdo ixqgv1 Zkhq
hvwlpdwhg rq wkh zkroh vdpsoh ri 6/76< revhuydwlrqv/ wkh suredelolw| ri
kroglqj ulvn| �qdqfldo dvvhwv +�uvw froxpq, lv ohvv wkdq kdoi dv juhdw dprqj
ulvn0dyhuvh frqvxphuv dv dprqj wkh ulvn0qhxwudo dqg orzhu vwloo frpsduhg
zlwk ulvn oryhuv1 Frpsduhg wr wkh odwwhu/ ulvn0dyhuvh lqyhvwruv kdyh d 91:0
srlqw orzhu fkdqfh ri kroglqj ulvn| vhfxulwlhv/ fruuhvsrqglqj wr 73 shufhqw
ri wkh vdpsoh phdq +htxdo wr 491< shufhqw,1 Dprqj ulvn0dyhuvh frqvxphuv
+vhfrqg froxpq,/ wkh suredelolw| ri kroglqj ulvn| dvvhwv lv d ghfuhdvlqj ixqf0
wlrq ri rxu phdvxuh ri devroxwh ulvn dyhuvlrq/ hyhq wkrxjk wkh frh!flhqw lv
qrw suhflvho| hvwlpdwhg1 D rqh vwdqgdug ghyldwlrq lqfuhdvh lq devroxwh ulvn
dyhuvlrq orzhuv wkh suredelolw| ri kroglqj ulvn| dvvhwv e| 517 shufhqwdjh
srlqwv +4715 shufhqw ri wkh xqfrqglwlrqdo suredelolw|,1 Wkh wklug dqg irxuwk
froxpqv uhsruw Wrelw hvwlpdwhv ri wkh sruwirolr vkduh ri ulvn| dvvhwv +udwlr ri
ulvn| wr wrwdo �qdqfldo dvvhwv,1 D vhfrqg rughu sro|qrpldo lq wrwdo �qdqfldo
dvvhwv lv dgghg wr wkh uljkw kdqg vlgh frqwurov1 Wklv vhw ri hvwlpdwhv frq�upv
wkh surelw hvwlpdwhv= wkh vkduh lqyhvwhg lq ulvn| dvvhwv lv vljql�fdqwo| orzhu
dprqj wkh ulvn0dyhuvh wkdq dprqj wkh ulvn0qhxwudo ru ulvn oryhuv dqg dprqj
wkh ulvn0dyhuvh lw ghfolqhv dv wkh ghjuhh ri ulvn dyhuvlrq lqfuhdvhv/ frqvlvwhqw
zlwk wkh suhglfwlrqv ri wkh fodvvlfdo wkhru| ri sruwirolr fkrlfh1

<16 Lqvxudqfh ghpdqg

Wkh wklug sdqho ri Wdeoh YLLL uhsruwv wkh hvwlpdwhv ri wkh h�hfw ri ulvn dw0
wlwxghv rq wkh ghpdqg iru olih/ khdowk dqg fdvxdow| lqvxudqfh/ uhvshfwlyho|1
Vwdqgdug lqvxudqfh wkhru| suhglfwv wkdw/ surylghg wkdw lqvxudqfh suhplxpv
ghsduw iurp idlu sulflqj/ pruh ulvn0dyhuvh lqglylgxdov vkrxog ex| pruh lqvxu0
dqfh1 Zh whvw wklv suhglfwlrq e| irfxvlqj rq wkh vxe0vdpsoh ri ulvn0dyhuvh lq0
glylgxdov dqg hvwlpdwh d Wrelw prgho iru wkh dprxqw ri lqvxudqfh sxufkdvhg
+l1h1 wkh ydoxh ri lqvxudqfh suhplxpv, vfdohg zlwk frqvxpswlrq1 Vhfrqg ru0
ghu sro|qrpldov lq zhdowk dqg hduqlqjv duh lqfoxghg dprqj wkh uljkw kdqg
vlgh yduldeohv1 Lq doo fdvhv zh �qg wkdw pruh0ulvn dyhuvh frqvxphuv ex| ohvv
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lqvxudqfh/ wkrxjk wkh h�hfw lv vljql�fdqw iru khdowk dqg iru wkhiw dqg fd0
vxdow| lqvxudqfh exw qrw iru olih lqvxudqfh1 Wklv �qglqj frqwudglfwv vlpsoh
prghov ri lqvxudqfh ghpdqg exw lv qrw qhfhvvdulo| lq frqwudvw zlwk h{whqghg
prghov1 Rqh srvvleoh h{sodqdwlrq lv wkdw lqvxudqfh frpsdqlhv duh deoh wr
sulfh0glvfulplqdwh rq wkh edvlv ri fxvwrphuv* ulvn dyhuvlrq1 Wklv zrxog ohdg
wr kljkhu suhplxpv iru pruh ulvn0dyhuvh frqvxphuv/ zkr zrxog wkhq uhgxfh
lqvxudqfh ghpdqg1 Wklv h{sodqdwlrq uholhv rq ulvn dyhuvlrq ehlqj revhuydeoh1
Dqrwkhu/ shukdsv pruh frqylqflqj/ h{sodqdwlrq lv wkdw lqglylgxdov fdq xq0
ghuwdnh dfwlylwlhv wr vhoi0lqvxuh djdlqvw wkh frqvhtxhqfhv ri dgyhuvh hyhqwv1
Wklv ohdgv wkhp wr uhsodfh pdunhw lqvxudqfh zlwk vhoi0lqvxudqfh1 Lw fdq eh
vkrzq wkdw li pdunhw lqvxudqfh lv vrog dw kljko| xqidlu sulfhv/ zkloh vhoi0
lqvxudqfh lv uhodwlyho| h!flhqw 0 lq wkh vhqvh wkdw rqh h{wud hxur ri fxuuhqw
vshqglqj uhvxowv lq d odujh uhgxfwlrq lq wkh orvv 0 dq lqfuhdvh lq ulvn dyhuvlrq
fdq uhgxfh pdunhw lqvxudqfh dqg lqfuhdvh vhoi0lqvxudqfh158

<17 Prylqj ghflvlrqv dqg khdowk vwdwxv

Frpsduhg zlwk vwd|lqj lq wkh uhjlrq ri eluwk/ prylqj wr dqrwkhu uhjlrq
hqwdlov xqghuwdnlqj d ulvn| survshfw1 Wkxv/ rqh h{shfwv wkdw ulvn0dyhuvh +ru

58Frqvlghu wkh vwdwlf lqvxudqfh prgho dqg dvvxph wkdw wkh orvv u lv d ghfuhdvlqj dqg
frqyh{ ixqfwlrq ri wkh lqyhvwphqw r lq vhoi0lqvxudqfh +l1h u� 	 fc u�� : f,1 Ohw @ eh
wkh lqvxudqfh fryhudjh/ � wkh pdunhw lqvxudqfh suhplxp/ � lqlwldo zhdowk dqg R wkh
suredelolw| wkdw wkh dgyhuvh vwdwh rffxuv1 Wkh frqvxphu fkrrvhv @ dqg r vr dv wr pd{lpl}h
h{shfwhg xwlolw| =

R�E� 3 E�3 @�uEr�3 r3 @�� n E�3 R��E� 3 r3 @��
Wr looxvwudwh/ dvvxph xwlolw| lv h{srqhqwldo zlwk devroxwh ulvn dyhuvlrq sdudphwhu w dqg

ohw > : 4 eh wkh pdun xs rq wkh idlu lqvxudqfh suhplxp1 Iurp wkh �uvw rughu frqglwlrqv
wkh iroorzlqj wzr htxdwlrqv uhodwlqj @ dqg r fdq eh rewdlqhg=

@ ' �3 E�*wuEr�� *L}E>E�3 R�*E�3 >R�� ^iurp wkh irf rq @/ fdoo wklv wkh @@ orfxv`
@ ' � n E�*>Ru�Er�� ^iurp frpelqlqj wkh irf rq r dqg @/ fdoo wklv wkh rr orfxv`
Erwk ixqfwlrqv duh grzqzdug vorslqj zlwk vorshv _@*_r�@@ ' Eu�*wu2� *L}E>E�3R�*E�3

>R�� dqg _@*_r�rr ' 3Eu��*R>u�2� / uhvshfwlyho|1 Wkh uhodwlyh vorsh ri wkh wzr orfl ghshqg
rq wkh h!flhqf| ri vhoi lqvxudqfh +krz idvw wkh orvv ghfolqhv zlwk r/ l1h1 rq u�, dqg rq
wkh h!flhqf| ri pdunhw lqvxudqfh/ l1h1 rq >1 Li vhoi lqvxudqfh lv uhodwlyho| h!flhqw +u�

lv odujh lq devroxwh whupv, dqg pdunhw lqvxudqfh lv uhodwlyho| lqh!flhqw +> lv odujh, wkh
@@ orfxv zloo eh vwhhshu wkdq wkh rr orfxv1 Qrwlfh qrz wkdw dq lqfuhdvh lq wkh ghjuhh
ri devroxwh ulvn dyhuvlrq vkliwv wkh @@ orfxv xszdugv exw ohdyhv wkh rr orfxv xqfkdqjhg1
Wkxv/ vwduwlqj iurp dq lqwhuqdo vroxwlrq/ li wkh @@ orfxv lv vwhhshu wkdq wkh rr orfxv wkh
lqfuhdvh lq ulvn dyhuvlrq ohdgv wr d ghfolqh lq pdunhw lqvxudqfh dqg dq lqfuhdvh lq vhoi
lqvxudqfh1 E| lqwhuqdwlrqdo vwdqgdugv ghsduwxuhv iurp idlu lqvxudqfh duh vwurqjhu lq Lwdo|
dqg wklv pd| shukdsv h{sodlq wkh gl�huhqfh ehwzhhq rxu uhvxowv dqg wkrvh ri Eduvn| hw do1
+4<<:, zkr �qg d srvlwlyh h�hfw ri d phdvxuh ri ulvn dyhuvlrq rq wkh ghpdqg iru lqvxudqfh
lq wkh XV1
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pruh ulvn0dyhuvh, lqglylgxdov duh ohvv olnho| wr eh pryhuv wkdq wkh ulvn0qhxwudo
ru oryhuv +ru wkh ohvv ulvn dyhuvh,1 Dovr/ vlqfh ulvn0dyhuvh frqvxphuv vkrxog
dyrlg ulvn| ehkdylru dqg dfw pruh suxghqwo|/ wkh| vkrxog kdyh ehwwhu khdowk
vwdwxv1 Lq sdqho G ri Wdeoh YLLL zh whvw wkhvh wzr lpsolfdwlrqv/ vwduwlqj
zlwk wkh �uvw1 Wkh �uvw froxpq hvwlpdwhv d prgho iru wkh suredelolw| wkdw
dq lqglylgxdo kdv pryhg iurp klv uhjlrq ri eluwk wr dqrwkhu uhjlrq1 Lq wkh
vdpsoh/ 4;18 shufhqw ri wkh krxvhkrog khdgv zhuh eruq lq d uhjlrq gl�huhqw
iurp wkh rqh zkhuh wkh| fxuuhqwo| olyh1 Vlqfh wkh uhjuhvvlrqv lqfoxgh d ixoo
vhw ri gxpplhv iru uhjlrq ri eluwk/ orfdo idfwruv d�hfwlqj wkh ghflvlrq wr
pryh/ vxfk dv oderu pdunhw frqglwlrqv/ zdjh survshfwv lq wkh duhd/ hwf1/ duh
dffrxqwhg iru1 Frpsduhg wr wkh ulvn oryhuv/ wkh suredelolw| ri ehlqj d pryhu
lv orzhu dprqj wkh ulvn0qhxwudo dqg hyhq orzhu dprqj wkh ulvn0dyhuvh/ dqg
wkh odwwhu h�hfw lv vwdwlvwlfdoo| vljql�fdqw dw wkh 31: shufhqw ohyho +wkh iruphu
lv vljql�fdqw dw wkh 46 shufhqw ohyho,1 Ehlqj ulvn0dyhuvh udwkhu wkdq ulvn oryhu
uhgxfhv wkh suredelolw| ri ehlqj d pryhu e| ; shufhqwdjh srlqwv/ pruh wkdq
73 shufhqw ri wkh ydoxh ri wkh xqfrqglwlrqdo phdq1 Wkh vhfrqg froxpq
uhsruwv wkh hvwlpdwhv iru wkh uhvwulfwhg jurxs ri ulvn0dyhuvh lqglylgxdov1 Wkh
ghjuhh ri ulvn dyhuvlrq kdv d qhjdwlyh h�hfw rq wkh suredelolw| ri ehlqj d
pryhu/ exw lwv frh!flhqw lv qrw vwdwlvwlfdoo| vljql�fdqw1 Wkh odvw wzr froxpqv
uhsruw surelw uhjuhvvlrqv iru wkh suredelolw| ri ehlqj d�hfwhg e| d fkurqlf
glvhdvh1 Zkhq wkh wrwdo vdpsoh lv xvhg wkh hvwlpdwhv lqglfdwh wkdw erwk
wkh ulvn0dyhuvh dqg wkh ulvn0qhxwudo duh vljql�fdqwo| ohvv olnho| wkdq wkh ulvn
oryhuv wr lqfxu d fkurqlf glvhdvh/ zlwk dq h�hfw htxdo wr 43 shufhqwdjh srlqwv/
derxw 6: shufhqw ri wkh vdpsoh vkduh ri krxvhkrogv zlwk d fkurqlf glvhdvh1
Zkhq wkh vdpsoh lv uhvwulfwhg wr wkh ulvn0dyhuvh/ wkh ghjuhh ri ulvn dyhuvlrq
kdv qr suhglfwlyh srzhu rq khdowk vwdwxv1

Ryhudoo/ wkh hylghqfh lq Wdeoh YLLL lpsolhv wkdw dwwlwxghv wrzdugv ulvn
kdyh frqvlghudeoh h{sodqdwru| srzhu iru vhyhudo lpsruwdqw frqvxphu ghfl0
vlrqv1 Wkxv/ rxu hylghqfh vxjjhvwv wkdw ohdylqj rxw phdvxuhv ri ulvn dyhu0
vlrq lq hpslulfdo dqdo|vlv ri krxvhkrogv ehkdylru lv olnho| wr eh d vxevwdqwldo
sureohp1

43 Frqfoxvlrqv

Lq wklv sdshu zh frqvwuxfw d gluhfw phdvxuh ri devroxwh ulvn dyhuvlrq xvlqj
wkh 4<<8 Edqn ri Lwdo| Vxuyh| ri Krxvhkrog Lqfrph dqg Zhdowk1 Wkh phd0
vxuh lv edvhg rq d vlpsoh |hw srzhuixo txhvwlrq rq wkh pd{lpxp sulfh d
frqvxphu lv zloolqj wr sd| wr hqwhu d orwwhu|1 Lwv pdlq dgydqwdjh lv wkdw lw
grhv qrw uho| rq dq| dvvxpswlrq dv wr wkh irup ri lqglylgxdo xwlolw|1 Dv d

5:



frqvhtxhqfh/ lw dssolhv qrw rqo| wr wkh ulvn0dyhuvh/ exw dovr wr ulvn0qhxwudo
dqg ulvn0surqh lqglylgxdov/ surylglqj d srlqw hvwlpdwh ri wkh ghjuhh ri ulvn
dyhuvlrq iru hdfk lqglylgxdo lq wkh vdpsoh1 Wklv hvwlpdwh kdv wkhq ehhq
xvhg wr jdwkhu gluhfw hylghqfh rq wkh qdwxuh ri wkh uhodwlrqvkls ehwzhhq
lqglylgxdo ulvn suhglvsrvlwlrq rq wkh rqh kdqg dqg lqglylgxdo hqgrzphqw/
ghprjudsklf fkdudfwhulvwlfv dqg phdvxuhv ri xqlqvxudeoh ulvn h{srvxuh rq
wkh rwkhu1

Vr idu wkhuh lv yhu| olplwhg hylghqfh rq wkh vljq ri wkh uhodwlrqvkls eh0
wzhhq ulvn dwwlwxgh dqg zhdowk dqg qr hylghqfh dw doo rq wkh fxuydwxuh ri
wklv uhodwlrqvkls1 Rxu �qglqjv vxjjhvw wkdw dprqj ulvn dyhuvh frqvxphuv
wkh ghjuhh ri devroxwh ulvn dyhuvlrq lv ghfuhdvlqj lq lqglylgxdo hqgrzphqw
0 wkxv uhmhfwlqj FDUD suhihuhqfhv exw wkh hodvwlflw| wr frqvxpswlrq lv idu
ehorz wkh xqlwdu| ydoxh suhglfwhg e| FUUD xwlolw|1 Frqvhtxhqwo|/ devroxwh
ulvn wrohudqfh lv d frqfdyh ixqfwlrq ri frqvxphu hqgrzphqw1 Wkhvh �qglqjv
duh frqvlvwhqw zlwk wkh hpslulfdo hylghqfh wkdw |rxqj krxvhkrogv wdnh rq
uhodwlyho| ohvv sruwirolr ulvn wkdq pruh pdwxuh krxvhkrogv1 Lq idfw/ dffruglqj
wr Jroolhu dqg ]hfnkdxvhu +4<<:,/ wkh frqfdylw| ri devroxwh ulvn wrohudqfh lv
d qhfhvvdu| dqg vx!flhqw frqglwlrq iru vxfk ehkdylru wr eh rswlpdo1

Lqglylgxdo ulvn dyhuvlrq dsshduv dovr wr eh fkdudfwhul}hg e| d vxevwdqwldo
dprxqw ri xqh{sodlqhg khwhurjhqhlw|1 Lq idfw/ frqvxphuv dwwulexwhv dqg
ghprjudsklf fkdudfwhulvwlfv duh ri olwwoh khos lq suhglfwlqj wkh ghjuhh ri ulvn
dyhuvlrq1 Wkh rqo| h{fhswlrq lv wkh uhjlrq ri eluwk/ zklfk lv olnho| wr fdswxuh
uhjlrqdo gl�huhqfhv lq ulvn suhglvsrvlwlrq dqg fxowxuh wkdw duh wudqvplwwhg
zlwk xseulqjlqj zlwklq wkh idplo|1

Lq d zruog ri lqfrpsohwh pdunhwv/ lqglylgxdo dwwlwxghv wrzdugv ulvn pd|
ydu| dfurvv krxvhkrogv qrw rqo| ehfdxvh ri gl�huhqfhv lq wdvwhv/ exw dovr
ehfdxvh ri gl�huhqfhv lq wkh hqylurqphqw1 Zh dgguhvv wklv lvvxh e| dqdo|}0
lqj wkh lpsdfw wkdw ydulrxv phdvxuhv ri oltxlglw| frqvwudlqw dqg hduqlqjv
xqfhuwdlqw| kdyh rq wkh ghjuhh ri ulvn dyhuvlrq1 Zh �qg xqhtxlyrfdo hyl0
ghqfh wkdw fuhglw pdunhw lpshuihfwlrqv dqg hpsor|phqw0uhodwhg ulvn vkdsh
frqvxphuv dwwlwxghv wr dffhsw ulvn1

Ilqdoo|/ zh yhuli| wkh suhglfwlyh srzhu ri rxu phdvxuh ri ulvn dwwlwxgh
zlwk uhvshfw wr frqvxphu fkrlfhv/ vxfk dv rffxsdwlrq/ sruwirolr frpsrvl0
wlrq/ lqvxudqfh/ khdowk0uhodwhg frqgxfw dqg prylqj ghflvlrqv1 Dsduw iurp
pdunhw lqvxudqfh/ zklfk pljkw eh uhsodfhg e| vhoi0surwhfwlqj dfwlrqv/ iru
yluwxdoo| hyhu| w|sh ri ehkdylru zh lqyhvwljdwh/ rxu ulvn dwwlwxgh phdvxuh
pdnhv txdolwdwlyho| fruuhfw suhglfwlrqv= dv h{shfwhg/ srwhqwldoo| ulvn| frq0
gxfw lv qhjdwlyho| fruuhodwhg zlwk ulvn dyhuvlrq dqg h�hfwv duh hfrqrplfdoo|
lpsruwdqw1 Ryhudoo/ wkhvh uhvxowv vxjjhvw wkdw dwwlwxghv wrzdugv ulvn kdyh
frqvlghudeoh h{sodqdwru| srzhu iru d qxpehu ri lpsruwdqw frqvxphu ghfl0
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vlrqv1 Jlyhq wkh dprxqw ri khwhurjhqhlw| wkdw fkdudfwhul}hv ulvn dyhuvlrq
dqg lwv xqrevhuydeoh qdwxuh/ rxu hylghqfh vxjjhvwv wkdw h{foxglqj phdvxuhv
ri ulvn dyhuvlrq iurp wkh hpslulfdo dqdo|vlv ri krxvhkrog ehkdylru lv olnho|
wr frqvwlwxwh d vhulrxv sureohp1 Dv d frqvhtxhqfh/ dq h�ruw vkrxog eh pdgh
wr holflw lqglfdwruv ri dwwlwxghv wrzdugv ulvn ri wkh vruw xvhg lq wklv sdshu1
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D DSSHQGL[

D14 Wkh VKLZ

Wkh Edqn ri Lwdo| Vxuyh| ri Krxvhkrog Lqfrph dqg Zhdowk +VKLZ, fro0
ohfwv ghwdlohg gdwd rq ghprjudsklfv/ krxvhkrogv* frqvxpswlrq/ lqfrph dqg
edodqfh vkhhw lwhpv1 Wkh vxuyh| zdv �uvw uxq lq wkh plg093v exw kdv ehhq
dydlodeoh rq wdsh rqo| vlqfh 4<;71 Ryhu wlph/ lw kdv jrqh wkurxjk d qxpehu
ri fkdqjhv lq vdpsoh vl}h dqg ghvljq/ vdpsolqj phwkrgrorj| dqg txhvwlrq0
qdluh1 Krzhyhu/ vdpsolqj phwkrgrorj|/ vdpsoh vl}h dqg wkh eurdg frqwhqwv
ri wkh lqirupdwlrq froohfwhg kdyh ehhq xqfkdqjhg vlqfh 4<;<1 Hdfk zdyh ri
wkh vxuyh| fryhuv derxw ;/333 krxvhkrogv/ wkrxjk dw wlphv vshfl�f sduwv ri
wkh txhvwlrqqdluh duh dvnhg wr rqo| d udqgrp vxe0vdpsoh1 Hdfk zdyh vxu0
yh|v d uhsuhvhqwdwlyh vdpsoh ri wkh Lwdoldq uhvlghqw srsxodwlrq1 Vdpsolqj
rffxuv lq wzr vwdjhv/ �uvw dw pxqlflsdolw| ohyho dqg wkhq dw krxvhkrog ohyho1
Pxqlflsdolwlhv duh glylghg lqwr 84 vwudwd gh�qhg e| 4: uhjlrqv dqg 6 fodvvhv
ri srsxodwlrq vl}h +pruh wkdq 73/333/ 53/333 wr 73/333/ ohvv wkdq 53/333,1
Krxvhkrogv duh udqgrpo| vhohfwhg iurp uhjlvwu| r!fh uhfrugv1 Wkh| duh gh0
�qhg dv jurxsv ri lqglylgxdov uhodwhg e| eorrg/ pduuldjh ru dgrswlrq dqg
vkdulqj wkh vdph gzhoolqj1 Wkh khdg ri wkh krxvhkrog lv frqyhqwlrqdoo| lghq0
wl�hg zlwk wkh kxvedqg/ li suhvhqw1 Li lqvwhdg wkh shuvrq zkr zrxog xvxdoo|
eh frqvlghuhg wkh khdg ri wkh krxvhkrog zrunv deurdg ru zdv devhqw dw wkh
wlph ri wkh lqwhuylhz/ wkh khdg ri wkh krxvhkrog lv wdnhq wr eh wkh shuvrq
uhvsrqvleoh iru pdqdjlqj wkh krxvhkrog*v uhvrxufhv1 Wkh qhw uhvsrqvh udwh
+udwlr ri uhvsrqvhv wr krxvhkrogv frqwdfwhg qhw ri lqholjleoh xqlwv, zdv 8:
shufhqw lq wkh 4<<8 zdyh1 Eudqgrolql dqg Fdqqdul +4<<7, suhvhqw d ghwdlohg
glvfxvvlrq ri vdpsoh ghvljq/ dwwulwlrq/ dqg rwkhu phdvxuhphqw lvvxhv dqg
frpsduh wkh VKLZ yduldeohv zlwk wkh fruuhvsrqglqj djjuhjdwh txdqwlwlhv1

D15 Gh�qlwlrqv ri wkh yduldeohv*

Lq wkh hpslulfdo dqdo|vlv doo ghprjudsklf yduldeohv 0 djh/ hgxfdwlrq/ jhqghu/
qxpehu ri eurwkhuv dqg vlvwhuv/ pdulwdo vwdwxv/ uhjlrq ri eluwk/ rffxsdwlrq
w|sh dqg vhfwru 0 uhihu wr wkh krxvhkrog khdg1

Erqg/ vwrfn dqg pxwxdo ixqg rzqhuvkls dqg dprxqwv = Krxvhkrogv duh
dvnhg �uvw wr uhsruw rzqhuvkls ri wkh vshfl�f �qdqfldo lqvwuxphqw dqg wkhq
wr uhsruw lq zklfk eudfnhw +rxw ri 47, wkh dprxqw khog idoov1 Dvvhw dprxqwv
duh wkhq lpsxwhg dvvxplqj wkdw wkh krxvhkrog krogv wkh plg0srlqw ri wkh
lqwhuydo1 Lw lv fohdu iurp wklv surfhgxuh wkdw zkloh rzqhuvkls gdwd rqo|
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vx�hu iurp qrq0uhsruwlqj/ wkh lqirupdwlrq rq wkh dprxqwv lv d�hfwhg e|
lpsxwdwlrq huuruv1 Iru ghwdlov rq krz �qdqfldo dvvhwv ydoxhv duh frpsxwhg
lq wkh VKLZ vhh Jxlvr dqg Mdsshool +4<<<,1

Frqvxpswlrq/ qhw zruwk dqg �qdqfldo zhdowk= Frqvxpswlrq lv wkh vxp
ri wkh h{shqglwxuh rq irrg/ hqwhuwdlqphqw/ hgxfdwlrq/ forwklqj/ phglfdo h{0
shqvhv/ krxvlqj uhsdluv dqg dgglwlrqv/ dqg lpsxwhg uhqwv1 Lw dovr lqfoxghv
h{shqglwxuhv rq gxudeoh jrrgv +yhklfohv/ ixuqlwxuh dqg dssoldqfhv/ duw re0
mhfwv,1 Qhw zruwk lv wkh wrwdo ri �qdqfldo dqg uhdo dvvhwv qhw ri krxvh0
krog ghew1 Ilqdqfldo zhdowk lv jlyhq e| wkh vxp ri fdvk edodqfhv/ fkhfnlqj
dffrxqwv/ vdylqjv dffrxqwv/ srvwdo ghsrvlwv/ jryhuqphqw sdshu/ frusrudwh
erqgv/ pxwxdo ixqgv dqg lqyhvwphqw lq ixqg xqlwv dqg vwrfnv1 Uhdo dvvhwv
lqfoxgh lqyhvwphqw uhdo hvwdwh/ exvlqhvv zhdowk/ sulpdu| uhvlghqfh dqg wkh
vwrfn ri gxudeohv1

Glvfrxudjhg eruurzhuv dqg uhmhfwhg ordq dssolfdqwv= Wkh iroorzlqj txhv0
wlrqv kdyh ehhq dvnhg lq hdfk zdyh ri wkh vxuyh| vlqfh 4<;<= �Gxulqj wkh
|hdu glg |rx ru d phpehu ri wkh krxvhkrog wklqn ri dsso|lqj iru d ordq
ru d pruwjdjh wr d edqn ru rwkhu �qdqfldo lqwhuphgldu|/ exw wkhq fkdqjhg
|rxu plqg rq wkh h{shfwdwlrq wkdw wkh dssolfdwlrq zrxog eh wxuqhg grzqB�
Wkrvh dqvzhulqj |hv wr wklv txhvwlrq duh fodvvl�hg dv �glvfrxudjhg eruurz0
huv�1 Wkrvh dqvzhulqj |hv wr wkh iroorzlqj txhvwlrqv duh fodvvl�hg dv �uh0
mhfwhg� frqvxphuv= �Gxulqj wkh |hdu glg |rx ru d phpehu ri wkh krxvhkrog
dsso| iru d ordq ru d pruwjdjh wr d edqn ru rwkhu �qdqfldo lqwhuphgldu| dqg
kdyh lw wxuqhg grzqB� Wr frpsxwh wkh suredelolw| ri oltxlglw| frqvwudlqwv
zh ghwhuplqh wkh vkduh ri frqvxphuv lq d surylqfh wkdw zhuh wxuqhg grzq
ru glvfrxudjhg eruurzhuv xvlqj doo zdyhv vlqfh 4<;<1 Zh wkdq dwwdfk wklv
iudfwlrq wr hdfk krxvhkrog olylqj lq wkh vdph surylqfh1

Hgxfdwlrq ri wkh krxvhkrog khdg*v idwkhu = Wklv yduldeoh lv ruljlqdoo|
frghg dv= qr hgxfdwlrq +3,> frpsohwhg hohphqwdu| vfkrro +8 |hduv,> frp0
sohwhg mxqlru kljk vfkrro +; |hduv,> frpsohwhg kljk vfkrro +46 |hduv,> frp0
sohwhg xqlyhuvlw| +4; |hduv,> judgxdwh hgxfdwlrq +pruh wkdq 53 |hduv,1 Iru
hdfk ri wkh �yh fdwhjrulhv/ zh gh�qh d gxpp| yduldeoh lqglfdwru1

Hgxfdwlrq ri wkh krxvhkrog khdg = Wklv yduldeoh lv ruljlqdoo| frghg dv= qr
hgxfdwlrq +3,> frpsohwhg hohphqwdu| vfkrro +8 |hduv,> frpsohwhg mxqlru kljk
vfkrro +; |hduv,> frpsohwhg kljk vfkrro +46 |hduv,> frpsohwhg xqlyhuvlw| +4;
|hduv,> judgxdwh hgxfdwlrq +pruh wkdq 53 |hduv,1 Zh gh�qh wkuhh lqglfdwruv=
wkh �uvw lv htxdo wr 4 zkhq hgxfdwlrq lv xs wkurxjk mxqlru kljk vfkrro +}hur
rwkhuzlvh,> wkh vhfrqg lv htxdo wr 4 zkhq lw lv wkurxjk kljk vfkrro +}hur
rwkhuzlvh, dqg wkh wklug lv htxdo wr 4 iru xqlyhuvlw| ru pruh +}hur rwkhuzlvh,1

Lqglfdwruv ri edfnjurxqg ulvn = Zh xvh wzr lqglfdwruv/ wkh yduldqfh ri
h{shfwhg hduqlqjv dw wkh lqglylgxdo ohyho dqg wkh yduldqfh ri vkrfnv wr shu
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fdslwd JGS lq wkh surylqfh ri uhvlghqfh1 Wkh �uvw lv frpsxwhg gluhfwo|
iurp vxuyh| txhvwlrqv dvnlqj= d, wkh suredelolw| ri nhhslqj rqh*v mre +li hp0
sor|hg, ru ri �qglqj rqh +li xqhpsor|hg, lq wkh wzhoyh prqwkv iroorzlqj wkh
lqwhuylhz> e, wkh plqlpxp dqg pd{lpxp hduqlqjv h{shfwhg frqglwlrqdo rq
ehlqj hpsor|hg1 Diwhu pdnlqj vrph dvvxpswlrqv rq wkh vkdsh ri wkh rq wkh
mre suredelolw| glvwulexwlrq ri hduqlqjv dqg rq wkh ydoxh ri wkh xqhpsor|0
phqw frpshqvdwlrq wr hdfk lqglylgxdo lq wkh vdpsoh/ Jxlvr/ Mdsshool dqg
Slvwdihuul +4<<;, xvh wklv lqirupdwlrq wr uhfryhu phdvxuhv ri h{shfwhg hduq0
lqjv dqg wkhlu yduldqfh1 Wkh vhfrqg lqglfdwru lv rewdlqhg iurp wlph vhulhv
gdwd rq shu fdslwd JSG dw wkh surylqfh ohyho iurp 4<85 wr 4<<51 Iru hdfk
surylqfh zh uhjuhvv wkh orjdulwkp ri shu fdslwd JGS rq d olqhdu wuhqg dqg
frpsxwh wkh yduldqfh ri wkh uhvlgxdov iurp wklv uhjuhvvlrq1 Zh wkdq lpsxwh
wklv yduldqfh wr doo krxvhkrogv ohdylqj lq wkh vdph surylqfh1

Lqglfdwruv ri khdowk = Wkh wzr lqglfdwruv frqvlvw lq gxpp| yduldeohv
edvhg rq wkh dqvzhuv wr wkh txhvwlrqv rq fkurqlf glvhdvhv dqg shupdqhqw
glvdelolwlhv1

Ulvn dyhuvlrq = wkh Duurz0Sudww phdvxuh ri devroxwh ulvn dyhuvlrq dqg
wkh ulvn dwwlwxgh lqglfdwruv duh rewdlqhg iurp d gluhfw txhvwlrq wr d vxuyh|
orwwhu|1 Hdfk vxuyh| sduwlflsdqw lv r�huhg d k|srwkhwlfdo orwwhu| dqg lv
dvnhg wr uhsruw wkh pd{lpxp sulfh wkdw kh zrxog eh zloolqj wr sd| lq rughu
wr sduwlflsdwh1 Wkh zruglqj ri wkh orwwhu| txhvwlrq dqg wkh phwkrgrorj|
lpsohphqwhg wr frpsxwh ulvn dyhuvlrq duh ghvfulehg lq wkh wh{w1

\hdu ri eluwk ri wkh krxvhkrog khdg*v idwkhu = wklv yduldeoh lv xvhg wr gh�qh
whq0|hdu lqwhuydov/ vwduwlqj iurp 4<331 Dq dgglwlrqdo lqwhuydo lv gh�qhg iru
wkrvh eruq lq ru diwhu 4<831 Zh wkhq frqvwuxfw vl{ lqglfdwruv= wkh �uvw lv
htxdo wr rqh li wkh krxvhkrog khdg*v idwkhu zdv eruq ehwzhhq 4<33 dqg 4<3</
wkh vhfrqg lv rqh li kh lv eruq ehwzhhq 4<43 dqg 4<4</ dqg vr rq1

Zlqgidoo jdlqv phdvxuhv = vl{ phdvxuhv duh xvhg1 Wkh �uvw lv d gxpp|
iru krph rzqhuvkls dv d uhvxow ri jliw ru ehtxhvw1 Wkh vhfrqg lv wkh vxp
ri wkh vhwwohphqwv uhfhlyhg uhodwhg wr olih +h{foxglqj dqqxlwlhv,/ khdowk dqg
wkhiw dqg fdvxdow| lqvxudqfh1 Wkh wklug phdvxuh lv wkh vxp ri vhyhudqfh
sd|phqwv/ xqhpsor|phqw ehqh�wv dqg uhgxqgdqf| doorzdqfh1 Wkh irxuwk
lv wkh vxp ri dq| dgglwlrqdo �qdqfldo dlg iurp fhqwudo ru orfdo jryhuqphqwv/
rwkhu sxeolf lqvwlwxwlrqv ru fkdulwlhv1 Wkh �iwk frqvlvwv ri jliwv2prqhwdu|
frqwulexwlrqv uhfhlyhg iurp iulhqgv ru idplo| olylqj rxwvlgh wkh krxvhkrog
gzhoolqj1 Wkh odvw lqvwuxphqw lv d phdvxuh ri zlqgidoo jdlqv +ru orvvhv, rq
krxvlqj frqvwuxfwhg xvlqj wlph vhulhv gdwd rq krxvh sulfhv dw wkh surylqfh
ohyho ryhu wkh |hduv 4<9804<<71 Iru krphrzqhuv/ zh frpsxwh wkh krxvh sulfh
fkdqjh vlqfh wkh |hdu zkhq wkh krxvh zdv dftxluhg ru vlqfh 4<98 li lw zdv
dftxluhg hduolhu1 Rwkhuzlvh/ zh dwwdfk wr qrq0krphrzqhuv wkh krxvh sulfh

65



fkdqjh vlqfh wkh |hdu zkhq wkh| vwduwhg zrunlqj ru vlqfh 4<981 Wklv fdq
eh mxvwl�hg rq wkh jurxqg wkdw wkh| vwduw vdylqj wr ex| d krph dv vrrq dv
wkh| vwduw zrunlqj1
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Uhihuhqfhv

^4` Dphp|ld/ +4<;5,/ Wzr vwdjhv ohdvw devroxwh ghyldwlrqv hvwlpdwruv/
Hfrqrphwulfd/ yro1 83/ qr1 6/ 9;<0:441

^5` Duurz/ Nhqqhwk +4<98,/ Dvshfwv ri wkh Wkhru| ri Ulvn Ehdulqj/ \umr
Mdkqvvrq Ohfwxuhv/ Wkh Dfdghplf Errn Vwruh/ Khovlqnl1

^6` Duurz/ Nhqqhwk +4<:3,/ Hvvd|v lq wkh Wkhru| ri Ulvn Ehdulqj/ Dpvwhu0
gdp= Qruwk Kroodqg1

^7` Eduvn|/ Urehuw/ E1/ Wkrpdv I1 Mxvwhu/ Plohv V1 Nlpedoo dqg Pdwwkhz
G1 Vkdslur +4<<:,/ �Suhihuhqfh Sdudphwhuv dqg Ehkdylrudo Khwhurjhqh0
lw|= dq H{shulphqwdo Dssurdfk lq wkh khdowk dqg Uhwluhphqw Vwxg|�/
Txduwhuo| Mrxuqdo ri Hfrqrplfv/ F[LL/ 5/ 86:08;31

^8` Eudqgrolql/ Dqguhd/ dqg Oxljl Fdqqdul +4<<7,/ �Phwkrgrorjlfdo Ds0
shqgl{�/ lq �Vdylqj dqg wkh dffxpxodwlrq ri zhdowk�/ Doehuw Dqgr/
Oxljl Jxlvr dqg Ljqd}lr Ylvfr hgv1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw|
Suhvv1

^9` Fduuroo/ Fkulvwrskhu dqg Plohv Nlpedoo +4<<9,/ �Rq wkh Frqfdylw| ri
wkh Frqvxpswlrq Ixqfwlrq�/ Hfrqrphwulfd 7/ 97/ <;40<<51

^:` Hhnkrxgw Orxlv/ dqg Plohv Nlpedoo +4<<5,/ �Edfnjurxqg Ulvn/ Sux0
ghqfh dqg wkh Ghpdqg iru Lqvxudqfh�/ lq Frqwulexwlrqv wr Lqvxudqfh
Hfrqrplfv/ J1 Glrqqh hg1 Orqgrq= Noxzhu Dfdghplf Suhvv1

^;` Hhnkrxgw Orxlv/ Fkulvwldq Jroolhu/ dqg Kduulv Vfkohvlqjhu +4<<9,/
�Fkdqjhv lq Edfnjurxqg Ulvn dqg Ulvn Wdnlqj Ehkdylru�/ Hfrqrphw0
ulfd 6/ 97/ 9;609;<1

^<` Hophqgrui/ Grxjodv Z1/ dqg Plohv V1 Nlpedoo +4<<4,/ �Wd{dwlrq ri
Oderxu Lqfrph dqg wkh Ghpdqg iru Ulvn| Dvvhwv�/ QEHU Zrunlqj
Sdshu/ q1 6<371

^43` Jhqhudoh/ Dqguhd/ dqg Jlrujlr Jreel +4<<9,/ �Lo uhfxshur ghl fuhglwl=
frvwl/ whpsl h frpsruwdphqwl ghooh edqfkh/� Whpl gl Glvfxvvlrqh q1 5981
Urph= Edqn ri Lwdo|1

^44` Jroolhu Fkulvwldq/ dqg Mrkq Z1 Sudww +4<<9,/ �Zhdn Surshu Ulvn Dyhu0
vlrq dqg wkh Whpshulqj H�hfw ri Edfnjurxqg Ulvn�/ Hfrqrphwulfd 8/
97/ 443<044561
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^45` Jroolhu Fkulvwldq/ dqg Ulfkdug ]hfnkdxvhu +4<<:,/ Krul}rq Ohqjwk dqg
Sruwirolr Ulvn/ QEHU/ Whfkqlfdo Zrunlqj Sdshu 5491

^46` Jroolhu Fkulvwldq/ +4<<<,/ � Zhdowk Lqhtxdolw| dqg Dvvhw Sulflqj �/
Xqlyhuvlw| ri Wrxorxvh/ plphr

^47` Jroolhu Fkulvwldq +5333,/ Zkdw Grhv wkh Fodvvlfdo Wkhru| Kdyh wr Vd|
Derxw Sruwirolr Fkrlfh B�/ lq O1 Jxlvr/ P1 Kdoldvvrv dqg W1 Mdsshool
+hgv1, �Krxvhkrog Sruwirolrv�/ PLW Suhvv/ iruwkfrplqj1

^48` Jxlvr/ Oxljl dqg Wxoolr Mdsshool +5333,/ �Krxvhkrog*v Sruwirolr lq Lwdo|
�/ lq Jxlvr O1/ Kdoldvvrv P1/ dqg Mdsshool W1 +hgv1,/ �Krxvhkrogv Sruw0
irolrv�/ PLW Suhvv/ iruwkfrplqj1

^49` Jxlvr/ Oxljl/ Wxoolr Mdsshool dqg Oxljl Slvwdihuul/ +4<<;,/ �Zkdw Ghwhu0
plqhv Hduqlqjv dqg Hpsor|phqw UlvnB�/ FHSU GS q1

^4:` Jxlvr/ Oxljl/ Wxoolr Mdsshool dqg Gdqlhoh Whuol}}hvh +4<<9,/ �Lqfrph
Ulvn/ Eruurzlqj Frqvwudlqwv dqg Sruwirolr Fkrlfh�/ Dphulfdq Hfr0
qrplf Uhylhz/ ;9/ 48;04:51

^4;` Jxlvr Oxljl/ Sdrod Vdslhq}d dqg Oxljl ]lqjdohv +5333,/ �Wkh Uroh ri
Vrfldo Fdslwdo lq Ilqdqfldo Ghyhorsphqw1� QEHU ZS Q1 :8961

^4<` Khfnpdq/ Mdphv +4<:9,/ �Wkh Frpprq Vwuxfwxuh ri Vwdwlvwlfdo Prghov
ri Wuxqfdwlrq/ Vdpsoh Vhohfwlrq dqg Olplwhg Ghshqghqw Yduldeohv dqg
d Vlpsoh Hvwlpdwru iru Vxfk Prghov�/ Dqqdov ri Hfrqrplf dqg Vrfldo
Phdvxuhphqw/ 8/ 7:807<51

^53` Nlkovwurp/ Ulfkdug H1/ Gdylg Urphu dqg Vwhyh Zlooldpv +4<;4,/ �Ulvn
Dyhuvlrq zlwk Udqgrp Lqlwldo Zhdowk�/ Hfrqrphwulfd 7/7</ <440<531

^54` Nlpedoo/ Plohv +4<<5,/ �Suhfdxwlrqdu| Prwlyhv iru Kroglqj Dvvhwv�/
lq Mrkq Hdwzhoo/ Pxuud| Plojdwh dqg Shwhu Qhzpdq +Hgv1, Wkh Qhz
Sdojudyh Glfwlrqdu| ri Prqh| dqg Ilqdqfh/ Orqgrq PdfPloodq1

^55` Nlpedoo/ Plohv +4<<6,/ �Vwdqgdug Ulvn Dyhuvlrq�/ Hfrqrphwulfd 6/ 94/
8;<09441

^56` Sudww/ Mrkq +4<97,/ �Ulvn dyhuvlrq lq wkh vpdoo dqg lq wkh odujh�/ Hfrqr0
phwulfd/ 65/ 45504691

^57` Sudww Mrkq Z1/ dqg Ulfkdug ]hfnkdxvhu +4<;:,/ �Surshu Ulvn Dyhu0
vlrq�/ Hfrqrphwulfd 4/ 88/ 47604871
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^58` Vfkxehuw/ U1/ P1 Eurzq/ P1 J|vohu dqg K1 Z1 Eudfklqjhu +4<<<,/ �Il0
qdqfldo Ghflvlrq Pdnlqj= Duh Zrphq Pruh Ulvn DyhuvhB�/ Dphulfdq
Hfrqrplf Uhylhz/ ;</ 6;40;81
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Table I 
Descriptive statistics for the total sample, for the sample of respondents and various sub samples 

The figures for consumption, total wealth and financial wealth are the sample median expressed in million lire. The 
variable “North” includes Piemonte, Valle d’Aosta, Lombardia, Trentino Alto Adige, Veneto, Friuli Venzia Giulia, Liguria 
and Emilia Romagna;  “Center” includes Toscana, Umbria, Marche, Lazio, Abruzzo and Molise and  “South” includes all 
the remaining regions. Low risk averse are those who are willing to bet at least 1 million lire, which is the median of the 
bet distribution. 
Variable Sample of respondents  Total 

sample  

 Risk 
neutral 

Risk averse Risk 
lovers  

Total  

  Low High Total    

        

Age 47.26 47.43 50.47 48.74 49,66 48.29 54.23 

Male % 82.64 79.19 77.24 78.35 91.01 79.76 74.35 

Years of education 10.06 9.78 8.11 9.07 10.37 9.30 8.03 

Married % 80.90 78.59 77.85 78.27 82.01 78.92 72.50 

No. of earners 1.83 1.87 1.81 1.85 1.83 1.84 1.80 

No. of components 3.20 3.20 3.20 3.20 2.95 3.19 2.94 

No. of siblings 2.24 2.44 2.60 2.51 2.06 2.44 2.50 

Area of Birth: North 40.77 41.71 31.45 37.30 55.98 38.90 37.43 

                      Center  23.20 19.79 24.82 21.95 14.13 21.74 24.75 

                       South 36.03 38.51 43.73 40.75 29.89 39.37 37.82 

Self-employed % 21.18 18.38 14.16 16.57 26.46 17.88 14.23 

Public employee %  26.74 28.50 27.28 27.97 23.81 27.54 23.26 

Value of Z 5.00 1.65 0.18 1.02 8.92 2.12 - 

Abs. Risk aversion 0 0.178 0.200 0.187 -0.170  0.136 - 

Rel. risk aversion 0 6.86 6.34 6.64 -7.75 4.73 - 

Consumption 35.45 33.60 30.28 31.20 38.80 32.40 28.80 

Financial wealth 18.79 15.78 6.58 11.27 46.73 13.39 10.39 

Total wealth  213.15 183.21 127.41 158.98 72.87 173.15 155.85 

N. of observations 576 1,523 1,151 2,674 189 3,439 8,135 
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Table II    
Risk aversion, consumption and wealth: OLS estimates 

The left-hand-side variable is the log of absolute risk aversion; c is expenditure on durable and non-durable 
goods; w is total household net worth and is equal to the sum of real wealth (housing, land and durable goods) 
and financial wealth net of debt; wf is household financial wealth. Regressions in column (2) to (4) include 19 
dummies for the region of birth of the household head. Male is a dummy equal to 1 if the head is a male; age 
and number of siblings refer to the household head. Bootstrapped standard errors (based on 100 replications) 
are reported in parentheses.   

 
Variable (1) (2) (3) (4) 
     
Log( c ) -0.0349 

(0.0110) 
-0.0314 
(0.0093) 

  

Log( w )   -0.0053 
(0.0023) 

 

Log( wf )    -0.0143 
(0.0045) 

Male  0.0032 
(0.0093) 

-0.0018 
(0.0095) 

0.0060 
(0.0115) 

Age  0.0002 
(0.0003) 

0.0004 
(0.0003) 

0.0003 
(0.0003) 

No. of siblings  0.0033 
(0.0015) 

0.0032 
(0.0016) 

0.0035 
(0.0017) 

Constant -8.2363 
(0.1114) 

-8.3818 
(0.1003) 

-8.6521 
(0.0398) 

-8.5727 
(0.0559) 

Region of birth N0 YES YES YES 
     
No. of observations 2,674 2,633 2,515 2,316 
Adjusted R2 0.0061 0.0282 0.0243 0.0270 
F test for region of birth = 0  
(p-value) 

- 7.99 
(0.0000) 

6.99 
(0.0000) 

3.62 
(0.0000) 

F test for  β = -1 
(p-value) 

26,644.88 
(0.0000) 

21,058.11 
(0.0000) 

247,178.02 
(0.0000) 

84,195.00 
(0.0000) 



 

 

39

39  

Table III  
Risk aversion, consumption and wealth: IV estimates 

The left-hand side variable is the log of absolute risk aversion; c is expenditure on durable and non-
durable goods; w is total household net worth and is equal to the sum of real wealth (housing, land and 
durable goods) and financial wealth net of debt; wf is household financial wealth. All regressions include 
19 dummies for the region of birth of the household head. Male is a dummy equal to 1 if the head is a 
male; number of siblings refers to the household head. The set of instruments includes dummies for the 
education of the household head, education dummies interacted with age, dummies for the education of 
the father of the household head and his year of birth; measures of windfall gains (a dummy for the house 
being acquired as a result of a bequest or gift, insurance settlements and other transfers, capital gains on 
the house since the time of acquis ition). The estimates in column (4) are conducted on a restricted sample 
obtained excluding households with total wealth below 20 million (593 observations), those who reported 
zero financial assets (133 observations), those with head aged less than 21 or above 75 (62 observations). 
Bootstrapped standard errors (based on 100 replications) are reported in parentheses.    

 
Variable (1) (2) (3) (4) 
     
log( c ) -0.0756 

(0.0196) 
  -0.0758 

(0.0285) 
     
log( w )  -0.0162 

(0.0050) 
  

     
log( wf )   -0.0237 

(0.0109) 
 

Male 0.0102 
(0.0101) 

0.0023 
(0.0121) 

0.0054 
(0.0140) 

0.0108 
(0.0140) 

Age 0.0005 
(0.0003) 

0.0009 
(0.0003) 

0.0007 
(0.0003) 

0.0003 
(0.0003) 

No. of siblings 0.0019 
(0.0015) 

0.0014 
(0.0018) 

0.0022 
(0.0022) 

0.0030 
(0.0023) 

Constant -7.880 
(0.2086) 

-8.494 
(0.0575) 

-8.4453 
(0.0966) 

-7.8698 
(0.3013) 

Region of birth YES YES YES YES 
     
No. of observations 2,449 2,347 2,170 1,767 
Adjusted R2 0.0173 0.0116 0.0146 0.0273 
F test for region of birth = 0  
(p-value) 

2.84 
(0.0001) 

3.77 
(0.0000) 

2.74 
(0.0001) 

2.05 
(0.0048) 

F test for  β = -1 
(p-value) 

1,573.32 
(0.0000) 

20,447.59 
(0.0000) 

5,814.95 
(0.0000) 

957.62 
(0.0000) 
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Table IV 
Risk aversion, consumption and wealth: 2SLAD estimates 

The left-hand-side variable is the log of absolute risk aversion; c is expenditure on 
durable and non-durable goods; w is total household net worth and is equal to the sum of 
real wealth (housing, land and durable goods) and financial wealth net of debt; wf is 
household financial wealth. All regressions include 18 dummies for the region of birth 
of the household head. Male is a dummy equal to 1 if the head is a male; number of 
siblings refers to the household head. Columns (1) to (3) report 2-stages LAD estimates. 
The set of instruments includes dummies for the education of the household head, 
education dummies interacted with age, dummies for the education of the father of the 
household head and his year of birth; measures of windfall gains (a dummy for the 
house being acquired as a result of a bequest or gift, insurance settlements and other 
transfers, capital gains on the house since the time of acquisition). Bootstrapped 
standard errors (based on 100 replications) are reported in parentheses.     

 
Variable (1) (2) (3) 
    
Log( c ) -0.0189 

(0.0080) 
  

    
Log( w )  -0.0054 

(0.0022) 
 

    
Log( wf )   -0.0093 

(0.0034) 
    
Male 0.0031 

(0.0017) 
0.0030   

(0.0013) 
0.0044 

(0.0018) 
Age 0.0002 

(0.0001) 
0.0003 

(0.0001) 
0 .0003 
(0.0001) 

No. of siblings -0.0003 
(0.0002) 

-0.0005 
(0.0003) 

-0.0006 
(0.0003) 

Constant -8.3687 
(0.0789) 

-8.5020 
(0.0245) 

-8.474 
(0.0307) 

Region of birth YES YES YES 
    

No. of observations 2,449 2,449 2,449 
Pseudo R2 0.0136 0.0194 0.0199 
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Table V 
Risk aversion and background risk 

The left-hand-side variable is the log of absolute risk aversion; c is expenditure on durable and non-durable 
goods. All regressions include 19 dummies for the region of birth of the household head. Male is a dummy 
equal to 1 if the head is a male; number of siblings refers to the household head. In the first and second 
columns for the variable “earnings variance of the household head”, we use either the variance of the 
household head’s earnings and replace it with a zero if the household head is not working and the variance of 
his earnings is missing.  A dummy for non-working household head is also included. In the second column, 
we also include the variance of the earnings of the wife and of an additional earner. If there is no wife or 
additional earner or if they do not work (and are not seeking work), the missing variances of their earnings 
are replaced with a zero.  Dummies for non-working head, wife and additional earner are also included in the 
regression. In the last two columns the measure of background risk is the variance of the shocks to log(GDP) 
in the province estimated from annual data of provincial GDP over the period 1952-1992. The set of 
instruments includes dummies for the education of the household head, education dummies interacted with 
age, dummies for the education of the father of the household head and his year of birth; measures of windfall 
gains (a dummy for the house being acquired as a result of a bequest or gift, insurance settlements and other 
transfers, capital gains on the house since the time of acquisition).  Bootstrapped standard errors (based on 
100 replications) are reported in parentheses.  

 
Variable IV IV IV 2SLAD 
     
Log( c ) -0.1030 

(0.0375) 
-0.1044 
(0.0416) 

-0.0765 
(0.0220) 

-0.0202 
(0.0059) 

Earnings variance of household head -0.0005 
(0.0002) 

-0.0006 
(0.0003) 

- - 

Earnings variance of spouse - 0.0003 
(0.0004) 

- - 

Earnings variance of other earner - 2.73e-06   
(0.0003) 

- - 

Variance of shocks to per capita GDP - - 1.0016 
(0.4567) 

0.3296 
(0.1136) 

Male 0.0227 
(0.0191) 

0.0287 
(0.0195) 

0.0097  
(0.0112) 

0.0029 
(0.0017) 

Age 0.0017 
(0.0007) 

0.0024 
(0.0008) 

0.0004 
(0.0003) 

0.0002 
(0.0001) 

No. of siblings 0.0003 
(0.0026) 

0.0004 
(0.0029) 

0.0018 
(0.0015) 

-0.0003 
(0.0002) 

Constant -7.6627 
(0.3903) 

-7.6771 
(0.4313) 

-7.8733 
(0.2328) 

-8.3571 
(0.0624) 

Region of birth YES YES YES YES 
     
No. of observations 896 860 2,428 2,428 
Adjusted R2  
(or Pseudo R2 for the 2SLAD) 

0.0520 0.0600 0.0177 0.0150 

F test for region of birth = 0  
(p-value) 

4.22 
(0.0000) 

5.18 
(0.0000) 

1.92 
(0.0096) 

7.58 
(0.0000) 

F test for  β = -1 
(p-value) 

620.53 
(0.0000) 

584.96 
(0.0000) 

1,825.95 
(0.0000) 

17,450 
(0.0000) 
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Table VI 
Risk aversion and liquidity constraints   

The left-hand-side variable is the log of absolute risk aversion; c is expenditure on durable and non-durable 
goods. All regressions include 19 dummies for the region of birth of the household head. Male is a dummy 
equal to 1 if the head is a male; number of siblings refers to the household head. In the first, second and fourth  
columns the probability of liquidity constraint is the provincial share of households that are discouraged 
borrowers or turned down applicants in the survey years 1989, 1991, 1993 and 1995; in the third column it is a 
dummy variable equal to 1 if the household was a discouraged borrower or a rejected loan applicant in 1995. In 
the last column the variance of shocks to per capita GDP is the variance of the shocks to log(GDP) in the 
province estimated from annual data of provincial GDP over the period 1952-1992.  The set of instruments in 
the second column includes dummies for the education of the household head, education dummies interacted 
with age, dummies for the education of the father of the household head and his year of birth; measures of 
windfall gains (a dummy for the house being acquired as a result of a bequest or gift, insurance settlements and 
other transfers, capital gains on the house since the time of acquisition). Bootstrapped standard errors (based on 
100 replications) are reported in parentheses.   

 
 IV 2SLAD 2SLAD 2SLAD 
     
Log( c ) -0.0752 

(0.0209) 
-0.0191 
(0.0064) 

-0.0197 
(0.0073) 

-0.0197 
(0.0052) 

Probability of liquidity constraints 0.4801 
(0.2195) 

0.1236 
(0.0490) 

0.0092 
(0.0043) 

0.1054 
(0.0427) 

Variance of shocks to per capita GDP - - - 0.2973 
(0.1012) 

Male 0.0101 
(0.0102) 

0.0037 
(0.0016) 

0.0033 
(0.0016) 

0.0032 
(0.0016) 

Age 0.0005 
(0.0003) 

0.0002 
(0.0001) 

0.0002 
(0.0001) 

0.0002 
(0.0001) 

Number of siblings 0.0019 
(0.0016) 

-0.0004 
(0.0003) 

-0.0003 
(0.0002) 

-0.0004 
(0.0003) 

Constant -7.8948 
(0.2243) 

-8.368 
(0.0688) 

-8.3606 
(0.0775) 

-8.3629 
(0.0536) 

Region of birth YES YES YES YES 
     
N. of observations 2,449 2,449 2,449 2,428 
Adjusted  R2  

(Pseudo R2 for the 2SLAD estimator) 
0.0217 0.0143 0.0142 0.0155 

F test for region of birth = 0  
(p-value) 

3.16 
(0.0000) 

8.06 
(0.0000) 

7.22 
(0.0000) 

6.85 
(0.0000) 

F test for  β = -1 
(p-value) 

1,605.23 
(0.0000) 

23,387.70 
(0.0000) 

17,723.67 
(0.0000) 

17,680 
(0.0000) 
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Table VII    
Regimes of attitudes towards risk 

The left-hand-side variable is an indicator that is equal to 3 if the consumer is risk-averse, to 2 if he/she is risk-
neutral and to 1 if he/she is risk-lover. c is expenditure on durable and non-durable goods; w is household net 
worth. All regressions include 19 dummies for the region of birth of the household head. Male is a dummy 
equal to 1 if the head is a male; age and number of siblings refer to the household head. Standard errors are 
reported in parentheses.   
 
Variable (1) (2) 
   
c -9.05e-06 

(2.77e-06) 
 

c2 3.34e-11 
(2.05e-11) 

 

w - -4.52e-07 
(9.92e-08) 

w2 - 7.27e-14 
(3.05e-14) 

Male -0.2603 
(0.0640) 

-0.2717 
(0.0636) 

Age 0.0003 
(0.0018) 

0.0022 
(0.0018) 

No. of siblings 0.0144 
(0.0125) 

0.0133 
(0.0125) 

Region of birth YES YES 
   

No. of observations 3,386 3,386 
Pseudo R2 0.0324 0.0342 
F test for region of birth = 0  
(p-value) 

77.24 
(0.0000) 

79.09 
(0.0000) 

F test for exogenous 
Characteristics = 0 
(p-value) 

17.88 
(0.0005) 

21.96  
(0.0001) 
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Table VIII  
Predicting behavior with risk aversion 

In panel A the left-hand-side variable is a dummy equal to 1 if the household head is a self-employed 
(first two columns) or a public employee (last two columns). In panel B, in the first two columns, it is a 
dummy equal to 1 if the household holds risky financial assets; in the last two columns it is the portfolio 
share of risky financial assets. Risky assets include private bonds, stocks and mutual funds. The share of 
risky assets is relative to total financial assets. In panel C the left-hand-side variable is the value of 
insurance premiums as a share of current consumption. We consider life (first column), health (second 
column) and theft and casualty insurance (third column).  In panel D, in the first two columns, it is a 
dummy variable equal to 1 if the consumer lives in a region different from the one where he was born. In 
the last two columns it is a dummy equal to 1 if the household head is affected by a chronic disease. 
“Risk-averse” is a dummy variable equal to 1 if the consumer is risk-averse, i.e. if the maximum price 
he/she is willing to pay for the lottery is lower than its fair value of 5 million lire. “Ris k-neutral” is 
similarly defined. “Absolute risk aversion” is the measure of absolute risk aversion discussed in Section 1. 
All regressions include as explanatory variables age, number of siblings, household size and number of 
earners, dummies for gender, marital status, education, region of birth and home ownership. The 
regressions in the last two columns of panel B also include a second order polynomial in financial assets, 
whereas those in panel C include second order polynomials in wealth and earnings.  t-statistics are 
reported in parenthesis. 

   
A: choice  of occupation  
 Self-employed 

(probit regression) 
Public sector employee 

(probit regression) 
Variable Whole 

sample 
Sample of 
risk-averse 

Whole 
sample 

Sample or 
risk-averse 

     
Risk averse  -0.3481 

 (0.1103) 
- 0.2407 

(0.1133) 
- 

Risk neutral -0.2028 
(0.1217) 

- 0.1284 
(0.1245) 

- 

Absolute risk aversion - -2.0056 
(1.2469) 

- 22616 
(1.2018) 

     
No. of observations 3,382 2,631 3,382 2,631 

 
B: demand for risky assets 
 Ownership of risky assets 

(probit regressions) 
Portfolio share of risky 

assets  
(tobit regressions) 

Variable Whole 
sample 

Sample or 
risk-averse 

Whole 
sample 

Sample or 
risk-averse 

     
Risk averse  -0.4590 

(0.1103) 
- -0.2079 

(0.0701) 
- 

Risk neutral -0.2225 
(0.1226) 

- -0.0717 
(0.0774) 

- 

Absolute risk aversion - -1.1494 
(1.3200) 

- -0.6894 
(0.8909) 

     
No. of observations 3,382 2,631 3,018 2,316 
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Table VIII : continue 
 

 
C: demand for insurance 
 Insurance premiums as a share of  consumption 

(Tobit regressions; sample or risk-averse) 
Variable Life insurance Health insurance Theft and 

casualty 
insurance 

    
Absolute risk aversion -0.0249 

(0.0854) 
-0.0969 
(0.0465) 

-0.0792 
(0.0340) 

    
No. of observations 2,633 2,633 2,622 

 
 
 

D: moving decision and health status (chronic disease) 
 Moving to another region 

(probit regressions) 
Health 

(probit regression) 
Variable Whole 

sample 
Sample of 
risk-averse 

Whole 
sample 

Sample or 
risk-averse 

     
Risk averse  -0.3062 

(0.1136) 
- -0.3700 

(0.1103) 
- 

Risk neutral -0.1872 
(0.1256) 

- -0.3950 
(0.1241) 

- 

Absolute risk aversion - -0.6642 
(1.2505) 

- 1.3229 
(1.3389) 

     
No. of observations 3,382 2,631 3,382 2,631 
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Figure 1  
Cross sectional distribution of relative risk aversion 
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Figure 2 
Risk aversion and consumer endowment 
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