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Orrnlqj iru d jxlgh wr surwhfw wkh
hqylurqphqw= wkh ghyhorsphqw ri wkh

Suhfdxwlrqdu| Sulqflsoh

Jlrydqql Lppruglqr
JUHPDT/ Xqlyhuvlwì gh Wrxorxvh dqg Xqlyhuvlwã gl Sdohupr

Ghfhpehu 4<<<

Devwudfw

Li wkh suhfdxwlrqdu| sulqflsoh pxvw ehfrph wkh jxlgh ri wkh lq0

whuqdwlrqdo frppxqlw| iru hqylurqphqwdo surwhfwlrq srolflhv/ dq hfr0

qrplf lqwhusuhwdwlrq ri wkh sulqflsoh lv lq rughu1 Wkh dqdo|vlv ri fdvh

vwxglhv dqg d vxuyh| ri wkh uhfhqw ghflvlrq wkhruhwlf olwhudwxuh vkrz

rq wkh rqh kdqg/ wkh gl!fxow| ri dsso|lqj wkh sulqflsoh gxh wr wkh

ydjxhqhvv ri wkh odz dqg/ rq wkh rwkhu/ wkh odfn ri d frpsohwho| vdw0

lvidfwru| hfrqrplf prgholqj1 Pruh jhqhudoo| ydulrxv wkhruhwlf dqg

hpslulfdo uhvxowv ghprqvwudwh wkdw wkh suhfdxwlrqdu| sulqflsoh fdqqrw

eh dvvxphg wr dsso| d sulrul1 Wkh suhfdxwlrqdu| sulqflsoh/ sursrvhg

e| lqwhuqdwlrqdo wuhdwlhv dv d uxoh ri wkxpe wr eh xvhg lq vlwxdwlrqv ri

vflhqwl�f xqfhuwdlqw|/ frxog lqghhg eh lqh!flhqw1

MHO qxpehuv= K3/ R46/ G;1

Nh|zrugv= wkh Suhfdxwlrqdu| Sulqflsoh/ vhoi0surwhfwlrq/ vhoi0lqvxudqfh/

frpsdudwlyh vwdwlfv/ lqirupdwlrq vwuxfwxuh1
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Qrq0whfkqlfdo Devwudfw

Wkh suhfdxwlrqdu| sulqflsoh/ wkh whqwk ri wkh juhdw sulqflsohv hvwdeolvkhg
dw wkh vxpplw ri Ulr dqg wkhq hphujlqj lq wkh Pddvwulfkw Wuhdw|/ vwdwhv wkdw=
�wkh devhqfh ri fhuwdlqw|/ jlyhq rxu fxuuhqw vflhqwl�f nqrzohgjh/ vkrxog qrw
ghod| wkh xvh ri phdvxuhv suhyhqwlqj d ulvn ri odujh dqg luuhyhuvleoh gdpdjh wr
wkh hqylurqphqw/ dw dq dffhswdeoh frvw�1 Hfrqrplvwv kdyh dozd|v uhfrjql}hg
wkh lq xhqfh ri lqdghtxdwh lqirupdwlrq derxw kxpdq d�dluv/ jlylqj ulvh wr
dq dffhswhg wkhru| ri xqfhuwdlqw| dqg lqirupdwlrq1 D frpprq ihdwxuh ri
doo wkh h{dpsohv zh wuhdw lv wkdw xqfhuwdlqw| lv uhvroyhg dw ohdvw sduwldoo|
ryhu wlph1 Rqh ri wkh prvw lpsruwdqw vrxufhv ri xqfhuwdlqw| lv gxh wr rxu
lpshuihfw vflhqwl�f nqrzohgjh1 Mxvw wklqn ri wkh vflhqwl�f xqfhuwdlqw| wkdw
kdv dffrpsdqlhg DLGV/ wkh juhhqkrxvh h�hfw/ orz udglrorjlfdo h{srvxuhv/
jhqhwlfdoo| prgl�hg rujdqlvpv +JPR,/ ru wkh pdg frz glvhdvh1

Wklv qhz qrwlrq ri suhfdxwlrq holflwv qxphurxv lqwhuhvwlqj txhvwlrqv derxw
lwv suhflvh frqwhqw dqg uhdfk/ lwv lpsolfdwlrqv iru oldelolw| odz dqg lwv hfrqrplf
lqwhusuhwdwlrq1 Wklv sdshu dlpv dw jlylqj d frqwulexwlrq wr d ehwwhu xqghu0
vwdqglqj ri wkh sulqflsoh iurp dq hfrqrplf srlqw ri ylhz/ ohdylqj d pruh
frpsuhkhqvlyh dqdo|vlv iru ixuwkhu vwxglhv1

Li zh uhdoo| zdqw wkh suhfdxwlrqdu| sulqflsoh wr ehfrph wkh jxlgh ri wkh
lqwhuqdwlrqdo frppxqlw| iru hqylurqphqwdo surwhfwlrq srolflhv/ dq hfrqrplf
lqwhusuhwdwlrq ri wkh sulqflsoh lv lq rughu1 Zh vxuyh| wkh uhfhqw ghflvlrq wkh0
ruhwlf olwhudwxuh rq wkh vxemhfw/ vkrzlqj wkdw zh vwloo odfn d zlgho| dffhswhg
hfrqrplf lqwhusuhwdwlrq1

Wkh dqdo|vlv ri fdvh vwxglhv dqg d vxuyh| ri wkh uhfhqw ghflvlrq wkhr0
uhwlf olwhudwxuh vkrz rq wkh rqh kdqg/ wkh gl!fxow| ri dsso|lqj wkh sulqflsoh
gxh wr wkh ydjxhqhvv ri wkh odz dqg/ rq wkh rwkhu/ wkh odfn ri d frpsohwho|
vdwlvidfwru| hfrqrplf prgholqj1 Pruh jhqhudoo| ydulrxv wkhruhwlf dqg hpslu0
lfdo uhvxowv ghprqvwudwh wkdw wkh suhfdxwlrqdu| sulqflsoh fdqqrw eh dvvxphg
wr dsso| d sulrul1 Wkh suhfdxwlrqdu| sulqflsoh/ sursrvhg e| lqwhuqdwlrqdo
wuhdwlhv dv d uxoh ri wkxpe wr eh xvhg lq vlwxdwlrqv ri vflhqwl�f xqfhuwdlqw|/
frxog lqghhg eh lqh!flhqw1
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Lqwurgxfwlrq

Wkh kljk vwdqgdug ri olylqj lq prvw zhvwhuq frxqwulhv uholhv khdylo| rq odujh
vxssolhv ri hqhuj| dqg udz pdwhuldov1 Lq uhfhqw |hduv shrsoh kdyh vwduwhg
zruu|lqj wkdw wkh pdlqwdlqlqj ri wklv kljk vwdqgdug frxog gdpdjh wkh hqyl0
urqphqw1 Lq wkh frplqj |hduv wkh fkdoohqjh zloo eh wr uhfrqfloh shrsoh*v qhhgv
zlwk hqylurqphqwdo surwhfwlrq> wklv phdqv surprwlqj d vxvwdlqdeoh jurzwk
sdwk wkdw vdwlv�hv wkh qhhgv ri wkh suhvhqw jhqhudwlrq zlwkrxw frpsurplvlqj
wkh fdsdflw| ri ixwxuh jhqhudwlrqv wr vdwlvi| wkhlu rzq qhhgv1 Uhfrqflolqj
wkh hqylurqphqw dqg ghyhorsphqw zdv suhflvho| wkh gl!fxow wdvn ri wkh 4<<5
Ulr vxpplw rq Hduwk1 Ghyhorslqj frxqwulhv dffxvh lqgxvwuldol}hg frxqwulhv ri
ryhuh{sorlwlqj qdwxudo uhvrxufhv dqg frpsurplvlqj wkh zruog hqylurqphqw iru
wkhlu rzq frpiruw1 Wkh suhfdxwlrqdu| sulqflsoh/ wkh whqwk ri wkh juhdw sulq0
flsohv hvwdeolvkhg dw wkh vxpplw ri Ulr dqg wkhq hphujlqj lq wkh Pddvwulfkw
Wuhdw|/ vwdwhv wkdw= �wkh devhqfh ri fhuwdlqw|/ jlyhq rxu fxuuhqw vflhqwl�f
nqrzohgjh/ vkrxog qrw ghod| wkh xvh ri phdvxuhv suhyhqwlqj d ulvn ri odujh
dqg luuhyhuvleoh gdpdjh wr wkh hqylurqphqw/ dw dq dffhswdeoh frvw�1

Wklv qhz qrwlrq ri suhfdxwlrq holflwv qxphurxv lqwhuhvwlqj txhvwlrqv derxw
lwv suhflvh frqwhqw dqg uhdfk/ lwv lpsolfdwlrqv iru oldelolw| odz dqg lwv hfrqrplf
lqwhusuhwdwlrq1

Wklv sdshu dlpv dw jlylqj d frqwulexwlrq wr d ehwwhu xqghuvwdqglqj ri
wkh sulqflsoh iurp dq hfrqrplf srlqw ri ylhz/ ohdylqj d pruh frpsuhkhqvlyh
dqdo|vlv iru ixuwkhu vwxglhv1

Zh vxuyh| wkh uhfhqw ghflvlrq wkhruhwlf olwhudwxuh rq wkh vxemhfw/ vkrzlqj
wkdw zh vwloo odfn d zlgho| dffhswhg hfrqrplf lqwhusuhwdwlrq iru wkh sulqfl0
soh wr ehfrph wkh jxlgh ri wkh lqwhuqdwlrqdo frppxqlw| iru hqylurqphqwdo
surwhfwlrq srolflhv1

Krz gr zh duulyh dw wkh qrwlrq ri suhfdxwlrqB Fkdxphw dqg Hzdog +4<<5,
zulwh=

�Oh [L[e vlëfoh dydlw lqyhqwì od suìyr|dqfh hw hq dydlw idlw od sulq0

flsdoh ghv yhuwxv1 Oh [[e d uhpsodfì od suìyr|dqfh sdu od suhyhq0

wlrq= suìyr|dqfh uhqgx reoljdwrluh srxu ghv udlvrqv gh vìfxulwì vr0

fldoh1 Yrlfl pdlqwhqdqw od suìfdxwlrq1 Fh vrqw oã wurlv dwwlwxgh ghydqw

o*lqfhuwdlq1 Od suìyr|dqfh ìwdlw olìh ã od qrwlrq gh vruw/ gh fkdqfh hw

gh pdofkdqfh> lo v*djlvvdlw g*lqwìjuhu o*dyhqlu gdqv oh suìvhqw/ pdlv ã

o*ìfkhooh gh o*lqglylgx1 O*dvvxudqfh v*hvw orqjwhpsv suìvhqwìh frpph

od vflhqfh gh od suìyr|dqfh111Od suìyhqwlrq hvw xqh frqgxlwh udwlrqhooh
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idfh ã xq pdo txh od vflhqfh shxw remhfwlyhu hw phvxuhu1 Od suìyr|0

dqfh ìwdlw frqwhpsrudlqh g*xqh ljqrudqfh ghv doìdv gh o*h{lvwhqfh> od

suìyhqwlrq vh gìyhorssh vxu ohv fhuwlwxghv gh od vflhqfh1 Hooh hvw od

yrlh gh od vflhqfh txl lpsrvh gh uìgxluh ohv ulvtxhv hw ohxu suredelo0

lwì1 Od suìyhqwlrq hvw o*d�dluh ghv h{shuwv fhuwdlqv gh ohxuv vdyrluv1

Od suìfdxwlrq ylvh xqh dxwuh qdwxuh gh o*lqfhuwlwxgh= o*lqfhuwlwxgh ghv

vdyrluv vflhqwl�txhv hx{0píphv1 Hooh gì�qlw ohv frqglwlrqv gh od gì0

flvlrq txdqg od vhxoh fhuwlwxgh txh o*rq dlw hvw txh ohv vdyrluv/ píph

ohv soxv fhuwdlqv/ vrqw rx vhurqw frqwuryhuvìv1 Hooh pdutxh oh sdvvdjh

g*xqh suredelolwì remhfwlyh ã xqh suredelolwì vxemhfwlyh/ vl fdudfwìulv0

wltxh gh od frqvflhqfh txh od vflhqfh frqwhpsrudlqh d g*hooh píph1�

Wkh suhfdxwlrqdu| sulqflsoh lv wkhuhiruh ixuwkhu uhdfklqj wkdq wkh sulqfl0
soh ri suhyhqwlrq1 Zkloh wkh odwwhu frppdqgv wkh ghihqfh ri wkh hqylurqphqw
zkhq lw lv srvvleoh wr suryh wkh kdupixo qdwxuh ri wkh srolf| zh duh h{dplq0
lqj/ wkh iruphu rqo| uhtxluhv wkh suhvxpswlrq ri srvvleoh gdpdjh1 Suhfdxwlrq
lv wkh dwwlwxgh iroorzlqj d gxelrxv vlwxdwlrq zkhuh vrph suhyhqwlyh phdvxuhv
vhhp wr eh qhfhvvdu| hyhq li qr fhuwdlqw| |hw h{lvwv derxw wkh ulvnv ri wkh
dfwlylw| h{dplqhg1 Xqfhuwdlq nqrzohgjh qrw rqo| grhv qrw h{fxvh exw vkrxog
lqgxfh d pruh suxghqw dwwlwxgh1 Dlplqj dw uhgxflqj ulvnv qrw |hw lghqwl�deoh
pxvw eh lpsohphqwhg h{ dqwh1 Dv srlqwhg rxw lq wkh olwhudwxuh +Fdphurq
dqg Zdgh0Jhu| +4<<8,/ Fkduolhu +4<<;,,/ suhfdxwlrq lv dozd|v suhyhqwlyh lq
vrph ghjuhh1 Krzhyhu/ phdvxuhv suhyhqwlqj vshfl�f hqylurqphqwdo gdpdjh
fdq rqo| eh suhfdxwlrqdu| li wkh| uhgxfh wkh xqfhuwdlqw| ri dq| rwkhu hqyl0
urqphqwdo orvvhv wr d juhdwhu h{whqw wkdq wkh hvwdeolvkhg ulvn wkh| suhyhqw1
Wkh suhfdxwlrqdu| sulqflsoh lpsrvhv fhuwdlqo| kljkhu uhvsrqvlelolwlhv rq wkh
ghflvlrq pdnhuv/ wkh ulvn lv wkdw wrr pxfk uhvsrqvlelolw| ehlqj frvwo| iru frp0
sdqlhv frxog glvfrxudjh wkhp iurp wdnlqj ulvnv1 Wkhuhiruh/ li zh uhdoo| zdqw
wkh suhfdxwlrqdu| sulqflsoh wr ehfrph wkh jxlgh ri wkh lqwhuqdwlrqdo frp0
pxqlw| iru hqylurqphqwdo surwhfwlrq srolflhv/ dq hfrqrplf lqwhusuhwdwlrq ri
wkh sulqflsoh lv lq rughu wr xqghuvwdqg zkdw lv phdqw e| wdnlqj phdvxuhv
suhyhqwlqj d ulvn ri odujh dqg luuhyhuvleoh gdpdjh wr wkh hqylurqphqw/ dw dq
dffhswdeoh frvw1 Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 dqdo|}hv wkuhh
fdvh vwxglhv zkhuh wkh sulqflsoh lv uhohydqw1 Vhfwlrq 6 h{dplqhv wkh lghd ri
wkh uhfhqw olwhudwxuh wr udwlrqdol}h wkh suhfdxwlrqdu| sulqflsoh wkurxjk wkh
h{lvwhqfh ri dq luuhyhuvlelolw| h�hfw1 Vhfwlrq 7 jlyhv dq dowhuqdwlyh irupdo
lqwhusuhwdwlrq ri wkh sulqflsoh1 Vhfwlrq 8 suhvhqwv d qrq Ed|hvldq dssurdfk
wr wkh sulqflsoh1 Vhfwlrq 9 frqfoxghv1
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5 Vrph uhdo0olih h{dpsohv

Rxu zruog lv fkdudfwhul}hg e| olplwhg dqg xqfhuwdlq nqrzohgjh1 Rqh ri
wkh prvw lpsruwdqw vrxufhv ri xqfhuwdlqw| lv gxh wr rxu lpshuihfw vflhqwl�f
nqrzohgjh1 Mxvw wklqn ri wkh vflhqwl�f xqfhuwdlqw| wkdw kdv dffrpsdqlhg
DLGV/ wkh juhhqkrxvh h�hfw/ orz udglrorjlfdo h{srvxuhv/ jhqhwlfdoo| prgl�hg
rujdqlvpv +JPR,/ ru wkh pdg frz glvhdvh1 Zh suhvhqw wkuhh fdvh vwxglhv
lq dq dwwhpsw wr xqyhlo wkh gl!fxow| ri xqghuvwdqglqj kljko| frpsoh{ hfr0
v|vwhp lqwhudfwlrqv41

514 Wkh pdg frz glvhdvh fdvh5

Lq wkh vhyhqwlhv wkh Hqjolvk fdwwoh euhhghuv vwduwhg wr ihhg wkhlu dqlpdov zlwk
 rxu pdgh iurp dqlpdo fdufdvvhv lpsurshu iru frqvxpswlrq/ sduwlfxoduo| vlfn
udpv1 Dw wkh ehjlqqlqj ri wkh hljkwlhv/ h{sorlwlqj d ohvv uhvwulfwlyh odz/ wkh
euhhghuv dgrswhg d ohvv frvwo| surgxfwlrq surfhgxuh iru wkh  rxu zklfk uh0
gxfhg wkh khdwlqj vwdjh xvhg wr nloo wkh jhupv1 Lq 4<;8 d qhz vlfnqhvv fdoohg
*erylqh vsrqjlirup hqfhskdorsdwk|*+EVH, lv revhuyhg= wkh pdg frz glvhdvh
zdv eruq1 Wkh Hqjolvk jryhuqphqw zdlwhg xqwlo 4<;; ehiruh dssrlqwlqj d vfl0
hqwl�f frpplvvlrq wr vwxg| wkh sureohp/ dqg lw sxw lqwr sudfwlfh rqo| vrph
ri wkh uhfrpphqgdwlrqv ri wkh frpplvvlrq/ olnh edqqlqj  rxu pdgh iurp wkh
fdufdvvhv ri vlfn dqlpdov1 Lq lwv �qdo frqfoxvlrqv lq 4<;</ wkh frpplvvlrq
ghfoduhg wkdw wkh wudqvplvvlrq ri EVH iurp erylqhv wr kxpdq/ dowkrxjk qrw
vflhqwl�fdoo| h{foxgdeoh/ zdv qhyhuwkhohvv kljko| lpsuredeoh1 Wkh wudqvplv0
vlrq ri EVH iurp erylqhv wr kxpdq lv qrz frqvlghuhg pruh sodxvleoh lq wkh
vflhqwl�f olwhudwxuh1 Lq 4<<9/ iroorzlqj 43 fdvhv ri ghdwkv lq kxpdqv/ vflhq0
wlvwv frqvlghuhg wkdw wkh prvw sodxvleoh h{sodqdwlrq zdv wkh h{srvxuh ri wkh
ylfwlpv wr EVH1 Dw wkdw srlqw wkh phgld wrrn ryhu wkh fdvh dqg suryrnhg lq
Hxurshdq frqvxphuv d uhdfwlrq ri vxvslflrq wrzdug erylqh phdw1 Frqvxps0
wlrq ihoo e| 63( wr 73(/ suryrnlqj dq hfrqrplf fulvlv lq wkh euhhglqj vhfwru1
Lq wkh pdg frz glvhdvh fdvh dq lpsruwdqw fkdudfwhulvwlf kdv ehhq wkh odfn ri
vflhqwl�f nqrzohgjh1 Lw wrrn pruh wkdq whq |hduv iurp wkh lghqwl�fdwlrq ri
wkh �uvw fdvhv iru wklv vflhqwl�f ljqrudqfh derxw wkh fdxvhv dqg phfkdqlvpv
ri wkh vlfnqhvv wr eh ryhufrph1 H{ srvw zh fdq mxgjh wkdw lw zdv d plvwdnh rq

4Wkh lqwhusuhwdwlrq ri wkh sulqflsoh dqg lwv dssolfdwlrq pxvw eh h{whqghg ehkrqg wkh

hqylurqphqw wr wkh doo vhw ri vflhqwl�fdoo| frqwuryhuvldo ulvnv ri rxu vrflhw|1
5Wkh pdg frz glvhdvh fdvh lv edvhg rq Mhdq0Mdftxhv Gxe|*v duwlfoh= �O*d�dluh gh od

ydfkh irooh� +4<<9,1
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wkh sduw ri wkh Hqjolvk jryhuqphqw qrw wr hpedun rq d vhulrxv uhvhdufk sur0
judp lq 4<;8 ru 4<;9 zkhq EVH zdv udslgo| ghyhorslqj lq wkh vwrfn idupv1
Whq |hduv odwhu/ zkhq wkh fulvlv h{sorghg vflhqwlvwv glg qrw nqrz pxfk pruh
wkdq ehiruh derxw wkh glvhdvh1 Wklv zdv wkxv d w|slfdo vlwxdwlrq zkhuh wkh
suhfdxwlrqdu| sulqflsoh dssolhv= wkh devhqfh ri fhuwdlqw|/ jlyhq rxu fxuuhqw
vflhqwl�f nqrzohgjh dqg wkh ulvn ri odujh dqg luuhyhuvleoh gdpdjh1 Zkdw lv
ohvv fohdu lv zkhwkhu wkh xvh ri suhyhqwlyh phdvxuhv kdg dq *dffhswdeoh frvw*1
Dq hduo| uhvhdufk surjudp zdv suredeo| qrw wrr frvwo| frqvlghulqj wkh kxjh
frvw ri pruh uhfhqw suhyhqwlyh phdvxuhv1 Wkh Hxurshdq hpedujr rq Hqjolvk
erylqhv lv frvwlqj Juhdw Eulwdlq 833 ploolrq srxqgv shu |hdu> dqg wkh sodq wr
vodxjkwhu wkh dqlpdov dssuryhg e| Hxurshdq Xqlrq lv frvwlqj vhyhudo eloolrq
srxqgv1 Wkhuhiruh/ d �uvw srlqw lv wkdw dq hduo| dssolfdwlrq ri wkh sulqflsoh
zrxog suredeo| kdyh ehhq ohvv frvwo| wkdq wklv odwh rqh1 D pruh gl!fxow
txhvwlrq lv zkhwkhu wkh hqruprxv frvwv gxh wr wkh odwh dssolfdwlrq ri wkh
sulqflsoh fdq eh frqvlghuhg dffhswdeoh1 Fhuwdlqo| wkh pdlq ulvn lq wklv vwru|
lv wkh wudqvplvvlrq ri wkh vlfnqhvv wr kxpdq ehlqjv/ exw zkdw lv qrw fohdu lv
li wkh ulvn lv olplwhg wr wkh fxuuhqw iuhtxhqf| ri vrph whqv ri ghdwkv shu |hdu
ru li/ dv vrph vflhqwlvwv wklqn/ diwhu d orqj0odvwlqj lqfxedwlrq/ wkhuh zloo eh
wkrxvdqgv ri fdvhv lq wkh ihz qh{w |hduv1 Ohw xv wxuq qrz wr d vhfrqg fdvh
vwxg|1

515 Udglrorjlfdo ulvnv6

Wkh glvfryhu| ri udglrdfwlylw| gdwhv iurp wkh hqg ri wkh odvw fhqwxu| dqg zdv
dffrpsdqlhg e| wkh vlpxowdqhrxv ghyhorsphqw ri udglrsurwhfwlrq1 Wkh klv0
wru| ri udglrsurwhfwlrq lv glylghg lqwr wzr pdlq skdvhv1 Wkh �uvw skdvh/ zdv
hvvhqwldoo| frqfhuqhg zlwk wkh vr0fdoohg ghwhuplqlvwlf h�hfwv1 Wkh qdph lv
gxh wr lwv fhuwdlq dsshdudqfh diwhu h{srvxuh wr udgldwlrq ri d jlyhq lqwhqvlw|1
Wkhvh h�hfwv/ zklfk kdg douhdg| ehhq vwxglhg dw wkh ehjlqqlqj ri wkh klvwru|
ri udglrdfwlylw|/ dsshdu zkhq d jlyhq h{srvxuh wkuhvkrog lv h{fhhghg> eh0
|rqg wkh wkuhvkrog wkh gdpdjh lqfuhdvhv zlwk wkh ohyho ri h{srvxuh1 Ehwzhhq
wkh 4<53v dqg wkh 4<83v/ udglrsurwhfwlrq zdv wkhuhiruh hvvhqwldoo| frqfhuqhg
zlwk wkh vhwwlqj ri dgplvvleoh ohyhov ri udgldwlrqv dw olplwv zhoo ehorz wkh
wkuhvkrogv nqrzq wr wuljjhu ghwhuplqlvwlf h�hfwv1 Wklv srolf| dyrlgv wkh xq0
ghvludeoh h�hfwv dqg lv d fohdu dssolfdwlrq ri wkh sulqflsoh ri suhyhqwlrq zklfk

6Wkh udglrorjlfdo ulvn fdvh lv edvhg rq Orfkdug dqg Vklhehu*v duwlfoh= �Jhvwlrq gx
ulvtxh udglrorjltxh= gh od suìyhqwlrq ã od suìfdxwlrq1� +4<<:,1
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lpsrvhv lqwhuyhqwlrq zkhq wkh kdupixo qdwxuh ri wkh srolf| zh duh h{dplqlqj
lv ghprqvwudwhg1 Wkh vhfrqg skdvh ri udglrsurwhfwlrq/ gxulqj wkh vhfrqg kdoi
ri wkh fhqwxu|/ fruuhvsrqgv wr wkh ghyhorsphqw ri plolwdu| dqg lqgxvwuldo ds0
solfdwlrqv ri qxfohdu hqhuj| dqg lv fkdudfwhul}hg e| wkh lvvxh ri wkh vwrfkdvwlf
h�hfwv ri udgldwlrqv1 Wkhvh h�hfwv/ zklfk dsshdu udqgrpo| dprqj lqglylg0
xdov lq dq h{srvhg srsxodwlrq/ rffxu orqj diwhu h{srvxuh1 Vwrfkdvwlf h�hfwv
duh pxfk pruh frpsoh{ wr idfh wkdq ghwhuplqlvwlf h�hfwv= �uvwo|/ ehfdxvh lw
lv lpsrvvleoh wr suhglfw zkr zloo ghyhors wkh h�hfwv lq dq h{srvhg srsxod0
wlrq> vhfrqgo|/ zh gr qrw nqrz li wkhuh lv d wkuhvkrog wkdw wuljjhuv wkhp1 Lq
4<8; wkh lqwhuqdwlrqdo frpplvvlrq iru udglrorjlfdo surwhfwlrq r!fldoo| uhf0
rjql}h wkh h{lvwhqfh ri vwrfkdvwlf h�hfwv iru ohyhov ri h{srvxuh ehorz wkrvh
wuljjhulqj ghwhuplqlvwlf h�hfwv1 Lq ylhz ri wkh lpsrvvlelolw| ri ghprqvwudwlqj
wkh h{lvwhqfh ri d wkuhvkrog wkdw zrxog fhuwdlqo| suhyhqw vwrfkdvwlf h�hfwv/
wkh frpplvvlrq lpsolflwo| edvhg lwv uhfrpphqgdwlrqv rq wkh suhfdxwlrqdu|
sulqflsoh/ vwuxfwxulqj udglrsurwhfwlrq durxqg wkh k|srwkhvlv wkdw wkhuh lv d
ulvn dw dq| ohyho ri h{srvxuh dqg wkdw wkh ulvn lqfuhdvhv lq sursruwlrq wr wkh
wrwdo dprxqw ri h{srvxuh1 Uhwurvshfwlyho|/ zh uhfrjql}h wkh dgrswlrq ri wkh
suhfdxwlrqdu| sulqflsoh lq wkh �hog ri udglrsurwhfwlrq/ orqj ehiruh lwv dgrs0
wlrq iru pdq| rwkhu ulvnv1 Lq h�hfw/ lq wkh devhqfh ri fhuwdlqw|/ wkh vflhqwl�f
frppxqlw| kdv dgrswhg wkh suxghqw k|srwkhvlv ri wkh devhqfh ri d wkuhvk0
rog dqg ri d sursruwlrqdolw| ehwzhhq wkh ohyho ri h{srvxuh dqg wkh ulvn ri
vwrfkdvwlf h�hfwv1

516 Jhqhwlfdoo| prgl�hg rujdqlvpv

Rqh ri wkh prvw idvklrqdeoh h{dpsohv ri vflhqwl�f xqfhuwdlqw| lv wkh fxuuhqw
frqwuryhuv| rq jhqhwlfdoo| prgl�hg rujdqlvpv1 JPR duh wkh remhfw ri frq0
 lfw ehwzhhq wkh Xqlwhg Vwdwhv/ zklfk idyruv wkh frpphufldol}dwlrq ri JPR/
dqg Hxursh/ zklfk lv pruh vfhswlfdo rq wkh vxemhfw1 Dv wkh ghedwh lv pxfk
pruh uhfhqw wkdq wkrvh uhjduglqj EVH ru udglrorjlfdo ulvnv/ wkhuh lv vwloo qr
djuhhphqw derxw wkh ulvnv ri wkh xvh ri JPR dqg wkh frvwv ri uhixvlqj wkhp1
Wkh ulvnv prvw iuhtxhqwo| hyrnhg frqfhuq kxpdq khdowk +wr{lflw|/ srvvlelo0
lw| ri doohujlhv, dqg wkh hqylurqphqw +jhqhwlf pxwdwlrqv lq dqlpdov ihg zlwk
JPR/ wudqvihu ri wkh jhqh wr gl�huhqw fxowxuhv,1 Fhuwdlqo|/ lw lv qrw lq wkh
ehvw lqwhuhvw ri wkh surgxfhuv wr xqghuolqh srvvleoh gdqjhuv/ dqg sxeolf uh0
vhdufk lv wkxv qhfhvvdu| wr dyrlg wkh plvwdnh pdgh e| wkh Eulwlvk jryhuqphqw
ri qrw lqlwldwlqj d vhulrxv uhvhdufk surjudp lq 4<;8 ru 4<;9/ zkhq EVH zdv
udslgo| ghyhorslqj1 Lq wkh devhqfh ri d fohdu dqvzhu wr wkh h{lvwhqfh ru qrw
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ri ulvnv dqg dvvxplqj wkh qhhg iru ixuwkhu vwxglhv/ dq lpsruwdqw idfwru lv wkh
hfrqrplf dvshfw1 Zkdw duh wkh hfrqrplf ulvnv ri wkh dgrswlrq ri JPR whfk0
qrorj|B Wkh ghyhorsphqw ri elrwhfkqrorjlhv frxog frqfhqwudwh uhvhdufk rq
wklv vlqjoh dssurdfk/ ohdylqj dvlgh doo rwkhu dssurdfkhv +Erqq| 4<<<d,> wkh
dgrswlrq ri JPR frxog pdnh iduphuv frpsohwho| ghshqghqw rq surgxfhuv ri
JPR +Ohsdjh 4<<<,> lw lv riwhq vdlg wkdw elrwhfkqrorjlhv duh lqglvshqvdeoh
wr ihhg wkh zruog1 JPR/ zklfk duh hvvhqwldoo| ghyhorshg e| sulydwh �upv/
duh uhdoo| dlphg dw vroyhqw pdunhwv dqg qrw wr khos srru shrsoh= wkhuhiruh/
d uhdo ulvn lv wkdw elrwhfkqrorjlhv frxog zruvhq glvsdulwlhv e|/ iru h{dpsoh/
hqgdqjhulqj prqr0surgxfwlrqv lq pdq| xqghughyhorshg frxqwulhv +Erqq|
4<<;/ 4<<<e,> ehfdxvh ri wkh hdvh ri JPR glvvhplqdwlrq/ qrq JPR fxowxuhv
frxog eh frqwdplqdwhg e| JPR fxowxuhv/ dqg iduphuv pljkw eh xqdeoh wr
vhoo wkhlu elrorjlfdo surgxfwlrq +Ohsdjh 4<<<,1 Zkdw duh wkh hfrqrplf ulvnv
ri wkh uhixvdo ri JPR whfkqrorj|B Iurp d whfkqlfdo srlqw ri ylhz wkh uh0
ixvdo frxog ohdg wr wkh xvh ri pruh shvwlflghv ru dowhuqdwlyho| wr pruh orvvhv>
d uhixvdo zrxog dovr uhgxfh wkh srvvlelolwlhv ri rewdlqlqj surgxfwv vxlwdeoh
iru pdq| xvhv= irrgvwx�v/ fkhplfdov/ skdupdfhxwlfdov ru lqgxvwuldo jrrgv>
zh frxog dovr ihdu wkdw zlwkrxw wkh qhz ghsrooxwlrq surfhgxuhv r�huhg e|
elrwhfkqrorj| wkh ohyho ri srooxwlrq zloo qrw jr grzq> uhixvlqj JPR frxog
dovr vorz grzq surjuhvv lq fhooxodu elrorj| dqg jhqhwlfv gxh wr wkh odfn ri
hfrqrplf lqfhqwlyhv +Erqq| 4<<<d,1 Zkdw zrxog kdsshq li Hxursh dorqh
uhixvhv JPRB Wkhuh duh ydulrxv srvvleoh vfhqdulrv= li JPR duh iuhho| frp0
phufldol}hg lq Hxursh/ lw lv uhdvrqdeoh wr ihdu wkdw wkh frpshwlwlrq frxog eh
wrr kduvk iru Hxurshdq surgxfwlrq/ hvshfldoo| ehfdxvh surgxfwlrq frvwv duh
riwhq orzhu iru JPR> li/ rq wkh frqwudu|/ wkh Hxurshdq Xqlrq edqv JPR/
wklv zloo fhuwdlqo| suryrnh wudgh frq lfwv wkdw zloo kdyh wr eh vroyhg e| wkh
ZWR1 Li Hxursh uhixvhv JPR dqg li d qrq0JPR eudqfk lv ghyhorshg/ zh
zrqghu li wklv eudqfk zloo eh deoh wr vxuylyh1 Lq rwkhu zrugv duh wkhuh hqrxjk
frqvxphuv lqwhuhvwhg lq qrq0JPR surgxfwv +Erqq| 4<<<d,B Uhfhqwo|/ wkh
Hxurshdq Xqlrq rughuhg wkdw JPR surgxfwv vkrxog eh vxemhfw wr d frpsxo0
vru| odeho ri wkh nlqg= �wklv surgxfw frqwdlqv vrph JPR�1 Iru Hxursh wklv
ghflvlrq frxog eh d frpsurplvh ehwzhhq vlpso| uhixvlqj ru dffhswlqj JPR1
Iurp rxu srlqw ri ylhz wklv ghflvlrq vhhpv fkdudfwhul}hg e| wkh vkliw ri wkh
uljkw ri dsso|lqj wkh suhfdxwlrqdu| sulqflsoh iurp Vrflhw| dv d zkroh wr wkh
lqglylgxdo1 Zh wklqn wkdw odeholqj zrxog eh dffhswdeoh rqo| li lqwhusuhwhg dv
sduw ri d wzr vwhs0surfhvv= �uvwo|/ Vrflhw| vkrxog dsso| wkh sulqflsoh frqwuro0
olqj sxeolf uhvhdufk dqg hydoxdwlqj li wkh devhqfh ri fhuwdlqw|/ frqvlghulqj wkh
frvwv ri uhixvdo dqg wkh ulvn ri odujh dqg luuhyhuvleoh gdpdjh/ lpsrvhv wr edq
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JPR ru qrw> vhfrqgo|/ wkh lqglylgxdo zloo kdyh wr ghflgh/ jlyhq wkdw sxeolf
srzhuv kdyh dffhswhg JPR/ zkhwkhu wr ehdu wkh uhpdlqlqj ulvn/ frqvlghulqj
klv vxemhfwlyh shufhswlrq ri wklv ulvn dqg klv shuvrqdo ydoxdwlrq ri wkh frvw1

6 Luuhyhuvlelolw| dqg wkh Suhfdxwlrqdu| Sulq0

flsoh

Wkh lghd suhvhqwhg lq vrph uhfhqw sdshuv e| Jroolhu/ Mxoolhq dqg Wuhlfk
+5333,/ Nrovwdg +4<<9, dqg Xosk dqg Xosk +4<<:, lv wr udwlrqdol}h wkh suh0
fdxwlrqdu| sulqflsoh e| wkh h{lvwhqfh ri dq luuhyhuvlelolw| h�hfw1 Dq h{whqvlyh
olwhudwxuh kdv h{soruhg wkh h�hfw ri luuhyhuvlelolw| frqvwudlqwv rq ghflvlrq0
pdnlqj1 Wkh lghd lv wkdw ghflvlrqv pdgh wrgd| d�hfw wrpruurz*v rssruwxqlw|
vhw1 Lq wklv olwhudwxuh d ghflvlrq0pdnhu xvxdoo| idfhv d �uvw shulrg ghflvlrq
yduldeoh zklfk frqvwudlqv wkh fkrlfh wkdw pxvw eh wdnhq lq wkh vhfrqg shulrg1
Duurz dqg Ilvkhu +4<:7, dqg Khqu| +4<:7, hvwdeolvk wkh uhvxow wkdw d ulvn0
qhxwudo djhqw vkrxog wdnh vwurqjhu dfwlrq wr suhyhqw ixwxuh luuhyhuvleoh ulvnv
li kh h{shfwv wr rewdlq pruh lqirupdwlrq1 Jlyhq dq luuhyhuvlelolw| frqvwudlqw/
suhvhqw dfwlrqv vkrxog eh uhvwulfwhg wr nhhs rswlrqv rshq lq wkh ixwxuh1 Lq
wkh olwhudwxuh/ wklv lv fdoohg wkh *txdvl0rswlrq h�hfw*1 Iuhl{dv dqg Od�rqw
+4<;7, jhqhudol}h wkrvh uhvxowv iru d odujhu fodvv ri prghov lqfoxglqj ulvn
dyhuvlrq1 Krzhyhu/ wklv ohyho ri jhqhudol}dwlrq lv vwloo lqvx!flhqw wr udwlrqdo0
l}h wkh suhfdxwlrqdu| sulqflsoh1 Wkh suhylrxv prghov dvvxph lqwhuwhpsrudo
vhsdudelolw|/ l1h1 wkh �uvw shulrg ghflvlrq yduldeoh lv qrw dq dujxphqw ri wkh
vhfrqg shulrg xwlolw| ixqfwlrq/ lw rqo| d�hfwv wrpruurz*v rssruwxqlw| vhw1
Wkhuhiruh/ wkh fkrlfh uhvxowv iurp dq lqwhuwhpsrudo wudgh0r� ehwzhhq udlvlqj
wrgd|*v xwlolw| dqg frqvwudlqlqj wrpruurz*v fkrlfhv1 Lq pdq| hqylurqphqwdo
sureohpv/ wkhuh lv d vwrfn lvvxh zklfk jhqhudwhv lqwhuwhpsrudo h{huqdolwlhv1
Lq d vhqvh/ wkh �uvw shulrg ghflvlrq lv dw wkh vdph wlph d txdqwlwdwlyh dqg
d txdolwdwlyh rqh1 Wkh wudgh0r� khuh lv frpsoh{ ehfdxvh hdfk fkrlfh wrgd|
dovr lpsolhv d gl�huhqw ixwxuh sd|r� wrpruurz1

Wkh prvw jhqhudo wkhru| zdv ghyhorshg e| Hsvwhlq +4<;3,/ zkr surylghv
qhfhvvdu| dqg vx!flhqw frqglwlrqv iru wkh ydolglw| ri wkh luuhyhuvlelolw| h�hfw1
Kh �qgv wkdw suhylrxv sdshuv vdwlvi| klv vx!flhqw frqglwlrq iru wkh luuh0
yhuvlelolw| h�hfw wr krog/ h{dfwo| ehfdxvh lqwhuwhpsrudo vhsdudelolw| ri wkh
remhfwlyh ixqfwlrq lv dvvxphg1 Hsvwhlq*v qhfhvvdu| dqg vx!flhqw frqglwlrqv
duh yhu| jhqhudo dqg duh vhogrp xvhixo wr surylgh vrphwklqj rshudwlrqdo iru
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sxeolf srolf|1 Wklv lv wkh uhdvrq zk| prvw uhfhqw frqwulexwlrqv wr folpdwh
fkdqjh olwhudwxuh/ dowkrxjk edvlqj wkhlu wkhruhwlfdo vxssruw rq Hsvwhlq*v du0
wlfoh/ xvh qxphulfdo vlpxodwlrqv/ dv lq Nrovwdg +4<<9,/ Qrugkdxv +4<<7, dqg
Xosk dqg Xosk +4<<:,1

Wklv odvw duwlfoh srlqwv rxw wkh olplwv ri wkh lqwhuwhpsrudo vhsdudelolw|
k|srwkhvlv zkhq folpdwh fkdqjh lv frqvlghuhg dv wkh uhvxow ri wkh fxpxodwlyh
vwrfn ri juhhqkrxvh jdvhv1 Lw vkrzv wkdw lq d prgho wkdw lqfoxghv wkhvh ihd0
wxuhv Hsvwhlq*v frqglwlrq lv qrw vdwlv�hg1 Wkhuhiruh/ Hsvwhlq*v uhvxow fdqqrw
suhglfw zkhwkhu ru qrw wkh luuhyhuvlelolw| h�hfw krogv lq d prgho ri joredo
zduplqj1 Nrovwdg +4<<9, dggv wr Xosk dqg Xosk*v luuhyhuvlelolw|/ olqnhg wr
wkh fxpxodwlyh vwrfn ri juhhqkrxvh jdvhv/ d vhfrqg w|sh ri luuhyhuvlelolw| frp0
lqj iurp wkh vxqn qdwxuh ri wkh lqyhvwphqw lq hplvvlrqv frqwuro dqg �qgv wkh
vdph uhvxow1

Jroolhu/ Mxoolhq dqg Wuhlfk +5333, vroyh iru wkh qhfhvvdu| dqg vx!flhqw
frqglwlrq iru d ehwwhu lqirupdwlrq vwuxfwxuh wr ghfuhdvh d �uvw shulrg ghfl0
vlrq yduldeoh zlwk erwk ulvn0dyhuvlrq dqg luuhyhuvlelolw|1 Wkh dsshdo ri wklv
frqglwlrq lv wkdw lw lpsrvhv hpslulfdoo| whvwdeoh uhvwulfwlrqv rq suhihuhqfhv1
Wklv lv qrw wkh fdvh lq Hsvwhlq +4<;3,1

Lq wzr uhodwhg sdshuv Slqg|fn +4<<4, dqg Gl{lw +4<<5, �qg hylghqfh iru
wkh txdvl0rswlrq h�hfw/ vkrzlqj wkh h{lvwhqfh ri d srvlwlyh rswlrq ydoxh iru
wkh vwudwhj| ri ghod|lqj luuhyhuvleoh lqyhvwphqw1

614 D jhqhudo prgho7

Hfrqrplvwv kdyh dozd|v uhfrjql}hg wkh lq xhqfh ri lqdghtxdwh lqirupdwlrq
derxw kxpdq d�dluv/ jlylqj ulvh wr dq dffhswhg wkhru| ri xqfhuwdlqw| dqg
lqirupdwlrq1 D frpprq ihdwxuh ri doo wkh h{dpsohv zh duh wuhdwlqj lv wkdw
xqfhuwdlqw| lv uhvroyhg dw ohdvw sduwldoo| ryhu wlph1 Wkhuhiruh/ zh zloo ghdo
zlwk g|qdplf prghov lqvlvwlqj rq wkh idfw wkdw ghflvlrqv duh vhqvlwlyh wr
wkh lqirupdwlrq dydlodeoh1 Vflhqwl�f xqfhuwdlqw| gl�huv iurp ulvn pdlqo| eh0
fdxvh ri wkh srvvlelolw| ri glplqlvklqj ryhu wlph1 Zkhq zh vwxg| wkh zd|
xqfhuwdlqw| lv uhvroyhg ryhu wlph/ zh pxvw frqvlghu wkh uhodwhg lqirupdwlrq
vwuxfwxuh/ l1h1 d vhw ri srvvleoh vljqdov fkdudfwhul}hg e| d vwdwlvwlfdo uhodwlrq
zlwk wkh hyhqwv zh duh lqwhuhvwhg lq1 Wkh revhuydwlrq ri wklv vljqdo pd|
fkdqjh wkh eholhiv lq wkh hyhqwv1 Wkh fkdqjh lq eholhiv lq wxuq kdv dq lp0
sdfw rq ghflvlrq0pdnlqj1 Wr h{sodlq wkh qrwdwlrq dqg wr uhfdoo wkh Ed|hvldq

7Wklv vxevhfwlrq uholhv rq suhylrxv zrun e| Q1 Wuhlfk +4<<:,1
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frqwh{w ohw xv zulwh d jhqhudo sureohp=

4@ 
%�M��
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.5�+T E%�c %2c 5� � +4,

Wkh udqgrp yduldeoh �5 lv glvfuhwh zlwk ? dwrpv E5�c 52c ���c 5?� � �� dqg �2 E%��
duh frqyh{ vxevhwv ri wkh qrq qhjdwlyh uhdo olqh zlwk qrqhpsw| lqwhulruv1
Diwhu ghflglqj rq %�c exw ehiruh wkh vhfrqg shulrg ghflvlrq %2/ wkh uhdo0
l}dwlrq ri d udqgrp yduldeoh �+c zklfk lv vwdwlvwlfdoo| uhodwhg wr �5c lv re0
vhuyhg1 Wkh revhuydwlrq ri wklv vljqdo pd| fkdqjh wkh eholhiv rq �51 Wkh
fkdqjh lq eholhiv lq wxuq kdv dq lpsdfw rq wkh h!flhqw ohyho ri %�1 Zh gh0
qrwh Z+ E5� wkh suredelolw| ri �5 frqglwlrqdo rq wkh uhfhswlrq ri wkh vljqdo �+/

Z+ ' EZ+ E5�� c Z+ E52� c ���c Z+ E5?�� c dqg 7 '
q
Z+ 5 -?

n
m
S?

�'� Z+ E5�� ' �
r
wkh

vhw ri srwhqwldo frqglwlrqdo glvwulexwlrq rq �5� Xwlolw| ixqfwlrqv L dqg T duh
dvvxphg wr eh wzlfh gl�huhqwldeoh/ zlwk L

�

: fc L� 	 fc T
�

: fc T � 	 f1
Wkhuh h{lvw wzr htxlydohqw uhsuhvhqwdwlrqv ri dq lqirupdwlrq vwuxfwxuh=

rqh lv fkdudfwhul}hg e| wkh idplo| ri frqglwlrqdo glvwulexwlrqv RE+ m 5��( dq
dowhuqdwlyh uhsuhvhqwdwlrq lv lq whupv ri wkh srvwhulru glvwulexwlrq ri wkh
xqghuo|lqj xqfhuwdlqw| jlyhq wkh sduwlfxodu revhuydwlrq ri wkh vljqdo �+ dqg
wkh pdujlqdo glvwulexwlrq ri wkh vljqdo �+� Orrvho| vshdnlqj zh zloo ghqrwh
wzr lqirupdwlrq vwuxfwxuhv/ + dqg +

�

�

Wkh lqirupdwlrq vwuxfwxuh + lv pruh lqirupdwlyh wkdq +
�
8 li dqg rqo| li

doo h{shfwhg xwlolw| pd{lpl}huv revhuylqj + duh dv zhoo r� dv zkhq revhuylqj
+

�

� Wkdw lv wr vd|=

.+ 4@ 
%2M�2E%��

.5�+T E%�c %2c 5� � .+
� 4@ 
%2M�2E%��

.5�+
�T E%�c %2c 5� c +5,

iru dq| %�c dq| ixqfwlrq T dqg dq| vhw �2 E%�� iru zklfk wkh pd{lpxp
h{lvwv1

Odwhu rq Eodfnzhoo +4<84, mxvwl�hg wklv gh�qlwlrq iurp d vwdwlvwlfdo srlqw
ri ylhz1 Kh sdwwhuqhg wkh gh�qlwlrq ri dq lqirupdwlrq vwuxfwxuh wkdw lv
pruh lqirupdwlyh wkdq dqrwkhu rq wkh frqfhsw ri vx!flhqf|1 + lv vwdwlvwlfdoo|
vx!flhqw iru +

�

li/ kdylqj revhuyhg wkh vljqdo +c revhuylqj wkh vljqdo +
�

dgg
qr ixuwkhu lqirupdwlrq1

Dqrwkhu gh�qlwlrq gxh wr Pduvfkdn dqg Pl|dvdzd +4<9;, vd|v wkdw d
vljqdo + lv pruh lqirupdwlyh wkdq d vljqdo +

�

li dqg rqo| li=

8Dowhuqdwlyho|/ | lv d ehwwhu lqirupdwlrq vwuxfwxuh wkdq |
3

ru | lv pruh suhflvh wkdq |
3

=
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Dv vkrzq e| Pduvfkdn dqg Pl|dvdzd +4<9;,/ frqglwlrq +6, lv htxlydohqw wr
wkh idfw wkdw doo h{shfwhg xwlolw| pd{lpl}huv revhuylqj + duh dw ohdvw dv zhoo
r� dv zkhq revhuylqj +

�

� Wr ehwwhu xqghuvwdqg +6, qrwh wkdw diwhu revhuylqj
wkh vljqdo/ wkh remhfwlyh lv

4 EZ+� ' 4@ 
%2M�2E%��

?[
�'�

T E%�c %2c 5�Z+ E5�� c

vlqfh h{shfwhg xwlolw| lv olqhdu lq wkh Z+ E5��
�
r 4 lv frqyh{1

Ohw xv ghqrwh=

a E%�c Z+� ' 4@ 
%2M�2E%��

.5�+T E%�c %2c 5� c

dv wkh ydoxh ixqfwlrq iru wkh vhfrqg shulrg sureohp1 Rxu jrdo lv wr phdvxuh
wkh h�hfw ri d ehwwhu lqirupdwlrq vwuxfwxuh rq wkh rswlpdo fkrlfh ri %��

615 Vrph uhvxowv

Iluvwo|/ zh uhfdoo wkh lpsruwdqw uhvxow gxh wr Hsvwhlq +4<;3,/ zklfk surylghv
d zd| wr ghwhuplqh zkhwkhu d ehwwhu lqirupdwlrq vwuxfwxuh lqfuhdvhv ru gh0
fuhdvhv %� iru wkh iroorzlqj sureohp=

4@ 
%�

.+a E%�c Z+� �

Wkhruhp 4 D ehwwhu lqirupdwlrq vwuxfwxuh ghfuhdvhv %� li dqg rqo| li a%� E%�c Z+�
lv frqfdyh lq Z+�

Wklv Wkhruhp lv yhu| jhqhudo dqg lw lpsrvhv qr uhvwulfwlrqv1 Dw wkh vdph
wlph/ ehlqj vr jhqhudo/ lw lv vhogrp xvhixo wr surylgh dq|wklqj rshudwlrqdo1 Lq
idfw/ lw lv riwhq gl!fxow wr yhuli| frqfdylw| ru frqyh{lw| zlwk uhvshfw wr wkh
yhfwru ri wkh frqglwlrqdo suredelolw| ri wkh ydoxh ixqfwlrq*v ghulydwlyh zlwk
uhvshfw wr wkh sdudphwhu %�1

Xosk dqg Xosk +4<<:, vlpsoli| wkh prgho lq wzr gluhfwlrqv1 Iluvw/ wkh
qdwxuh ri wkh lqirupdwlrq dydlodeoh= wkh| frqvlghu wkh wzr h{wuhph fdvhv
ri Qr Ohduqlqj yhuvxv Shuihfw Ohduqlqj9> vhfrqg/ wkh| frqvlghu vhsdudelolw|

9
Wklv lv d vshfldo fdvh ri wkh jhqhudo prgho wkdw doorzv wkh ghflvlrq pdnhu wr uhfhlyh d

vljqdo ehiruh shulrg 5 zklfk pd| qrw frpsohwho| uhyhdo wkh wuxh vwdwh ri wkh zruog1
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lq wkh vhfrqg shulrg ehwzhhq xwlolw| iurp frqvxpswlrq dqg wkh gdpdjh=
T E%�c %2c 5� ' ` E%2� � 5( EB%� n %2� zlwk wkh frqvwudlqwv %� � f/ %2 � f�
Yduldeoh %| lv wkh txdqwlw| ri hqhuj| surgxfhg1 Lw |lhogv zhoiduh exw dw wkh
vdph wlph wkh vwrfn ri FR2 jhqhudwhv folpdwh fkdqjhv1 Wkh hfrqrplf frvw ri
wkhvh fkdqjhv lv dvvxphg wr eh sursruwlrqdo wr wkh vwrfnf ' B%�n%2 ri FR2�

Sdudphwhu B ghqrwhv wkh iudfwlrq ri qdwxudo ghfd| ri FR21 Dv d frqwulexwlrq
wr wkh wkhru| wkh| �qg dq dowhuqdwlyh +wr Hsvwhlq*v uhvxow, vx!flhqw frqglwlrq
iru wkh luuhyhuvlelolw| h�hfw wr krog1

Wkhruhp 5 Li lq wkh fdvh ri qr ohduqlqj wkh luuhyhuvlelolw| frqvwudlqw elwhv/
wkhq wkh luuhyhuvlelolw| h�hfw pxvw krog/ l1h1 �uvw shulrg hplvvlrqv zlwk ohduq0
lqj zloo eh qr kljkhu wkdq �uvw shulrg hplvvlrqv zlwk qr ohduqlqj1

Xvlqj d pruh jhqhudo hpslulfdo prgho wkh| vkrz wkdw iru doprvw doo sd0
udphwhu ydoxhv wkh rssrvlwh ri wkh luuhyhuvlelolw| h�hfw krogv1 Rqo| lq wkh
fdvh zkhuh wkhuh lv d orz glvfrxqw udwh dqg frqvlghudeoh xqfhuwdlqw| grhv
wkh srvvlelolw| ri ohduqlqj ehwwhu lqirupdwlrq pdnh d vljql�fdqw gl�huhqfh wr
fxuuhqw dedwhphqw ri juhhqkrxvh jdv hplvvlrqv1 Wkxv wkhlu sdshu ghprq0
vwudwhv wkdw lq wkh fdvh ri joredo zduplqj wkh suhfdxwlrqdu| sulqflsoh fdqqrw
eh dvvxphg wr dsso| d sulrul1

Nrovwdg +4<<9, lqwurgxfhv d vwrfkdvwlf/ glvfuhwh wlph rswlpdo jurzwk
prgho lq wkh vslulw ri Udpvh| wr dgguhvv wkh txhvwlrq ri zkhwkhu wkh vwrfn
qdwxuh ri juhhqkrxvh jdv hplvvlrqv ru wkh vxqn qdwxuh ri frqwuro frvwv ohdgv
wr d eldv lq wrgd|*v ghflvlrqv uhjduglqj wkh frqwuro ri juhhqkrxvh jdvhv1 Frq0
vlvwhqwo| zlwk Xosk dqg Xosk kh �qgv qr hylghqfh ri d vwrfn h�hfw iurp
juhhqkrxvh jdvhv d�hfwlqj wrgd|*v frqwuro ghflvlrqv1 Rqo| zkhq hplvvlrq
frqwuro lqyhvwphqw duh yhu| orqj0olyhg dqg luuhyhuvleoh lv wkhuh d vwrfn h�hfw
dvvrfldwhg zlwk frqwuro fdslwdo1

Jroolhu/ Mxoolhq dqg Wuhlfk +5333, �qg hpslulfdoo| whvwdeoh uhvwulfwlrqv rq
suhihuhqfhv iru wkh iroorzlqj vlpsoh yhuvlrq ri sureohp +4,=

4@ 
%�

L E%�� n.+ 4@ 
%2Df

.5�+T E%2 � 5 EB%� n %2�� �

Wkh| �qg wkh iroorzlqj uhvxow=

Wkhruhp 6 H{shfwlqj pruh suhflvh lqirupdwlrq uhjduglqj wkh ulvn ri joredo
zduplqj uhgxfhv wkh fxuuhqw h!flhqw hplvvlrq ri fduerq glr{lgh li devroxwh
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suxghqfh lv odujhu wkdq wzlfh wkh devroxwh dyhuvlrq wr ulvn E� � 2��:c dqg li
hlwkhu wkh suhihuhqfhv duh ri wkh kduprqlf devroxwh ulvn dyhuvlrq w|sh +KDUD,
ru wkh ulvn lv elqdu|1 Wkhvh frqglwlrqv duh qhfhvvdu| lq wkh vhqvh wkdw li wkh|
duh qrw ixo�oohg/ wkhq rqh fdq �qg d sulru glvwulexwlrq ri wkh ulvn dqg d ehwwhu
lqirupdwlrq vwuxfwxuh vxfk wkdw wkh odwwhu lqfuhdvhv wkh h!flhqw hplvvlrq ri
juhhqkrxvh jdv1

Wklv uhvxow vkliwv wkh sureohp ri wkh ydolglw| ri wkh suhfdxwlrqdu| sulqflsoh
wr wkdw ri wkh hpslulfdo ydolglw| ri wkh suhylrxv uhvwulfwlrqv rq suhihuhqfhv1

7 Vhoi0Lqvxudqfh yhuvxv Vhoi0Surwhfwlrq

Dv gh�qhg e| Hkuolfk dqg Ehfnhu +4<:5, wkhuh duh wzr phwkrgv iru uhgxflqj
wkh h{shfwhg �qdqfldo lpsdfw ri d orvv= uhgxflqj wkh suredelolwlhv ri vx�hulqj
orvvhv +vhoi0surwhfwlrq,/ dqg uhgxflqj wkh vhyhulw| ri d orvv +vhoi0lqvxudqfh,1
Wkh| vkrz wkdw vhoi0surwhfwlrq dqg pdunhw lqvxudqfh fdq eh erwk vxevwlwxwhv
dqg frpsohphqwv1 Glrqqh dqg Hhfnkrxgw +4<;8, vkrz wkdw d pruh ulvn dyhuvh
djhqw grhv qrw qhfhvvdulo| lqyhvw pruh lq vhoi0surwhfwlrq dfwlylwlhv1 Wkhvh
shfxoldulwlhv zhuh fodul�hg e| Eul|v dqg Vfkohvlqjhu +4<<3,/ zkr qrwhg wkdw
vhoi0surwhfwlrq grhv qrw wudgh lqfrph lq rqh vwdwh ri wkh zruog iru lqfrph
lq dqrwkhu dv pdunhw lqvxudqfh grhv1 Exw lw udwkhu uhgxfhv lqfrph lq doo
vwdwhv/ vkliwlqj wkh vxssruw ri wkh zhdowk glvwulexwlrq1 Wklv fkdudfwhulvwlf ri
vhoi0surwhfwlrq pdnhv lwv dqdo|vlv txlwh gl!fxow1

Jroolhu/ Mxoolhq dqg Wuhlfk +5333,/ Nrovwdg +4<<9,/ Xosk dqg Xosk +4<<:,
qrwhg wkdw wkh lqwhqvlw| +udwkhu wkdq wkh suredelolw|, ri srwhqwldo orvvhv frxog
ghshqg rq wkh dffxpxodwlrq ri hduolhu h{srvxuhv wr wkh ulvn1 Wkhuhiruh wkh|
hpskdvl}h wkh vhfrqg phwkrg ri uhgxflqj wkh h{shfwhg �qdqfldo lpsdfw ri
d orvv/ l1h1/ vhoi0lqvxudqfh1 Wkh| �qg frqglwlrqv lq zklfk zkhq d ehwwhu
lqirupdwlrq vwuxfwxuh rq wkh glvwulexwlrq ri wkh ulvnv lv h{shfwhg d kljkhu ohyho
ri vhoi0lqvxudqfh +rqh frqvxphv ohvv, lv h!flhqw1 Wklv zrxog eh frpsdwleoh
zlwk wkh suhfdxwlrqdu| sulqflsoh1

Lq wklv vhfwlrq zh suhvhqw dq dowhuqdwlyh lqwhusuhwdwlrq ri wkh suhfdxwlrq0
du| sulqflsoh/ gxh wr Lppruglqr +4<<;,/ uhtxlulqj pruh vhoi0surwhfwlrq udwkhu
wkdq pruh vhoi0lqvxudqfh1 Wkh wzr dssurdfkhv wr wkh suhfdxwlrqdu| sulqflsoh
vhhp lqghhg wr eh frpsohphqwdu|= wkh vhoi0lqvxudqfh dssurdfk lv pruh vxlwhg
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wr fdvhv vxfk dv wkh juhhqkrxvh h�hfw/ zkhuhdv wkh vhoi0surwhfwlrq dssurdfk
ehwwhu ghvfulehv rwkhu vflhqwl�f xqfhuwdlqwlhv1 E| olplwlqj gdqjhurxv ehkdy0
lruv ru hdwlqj ohvv ehhi/ rqh dfwxdoo| orzhuv wkh suredelolw| ri jhwwlqj DLGV
ru pdg frz glvhdvh/ qrw wkhlu lqwhqvlw|1

714 Vrph uhvxowv zlwk vhoi0surwhfwlrq

Lppruglqr +4<<;, xvhv wkh iroorzlqj prgho=
4@ %�DfL E�� � %��n.�+ 4@ %2D%�

R EEB � ��%� n %2�.�5��+T E�2 � �5 n %� � %2�

n E�� R EEB � �� %� n %2��T E�2 n %� � %2�
Lq wkh �uvw shulrg wkh djhqw fkrrvhv wkh dprxqw ri lqyhvwphqw lq vhoi0

surwhfwlrq/ %�1 Lq wkh vhfrqg shulrg kh ghflghv krz pxfk pruh wr lqyhvw lq
vhoi0surwhfwlrq +%2, jlyhq wkh qhz lqirupdwlrq1 Zh doorz iru wkh srvvlelolw|
wkdw dq hduo| lqyhvwphqw lq vhoi0surwhfwlrq lv pruh h�hfwlyh wkdq d odwh lqyhvw0
phqw/ l1h1/ B � �� R E�� wkh suredelolw| ri jhwwlqj d glvhdvh ru vx�hulqj gdpdjh
lv dvvxphg gl�huhqwldeoh zlwk R

�

E�� 	 f� Wkh uhvw ri wkh prgho lqfoxghg wkh
lqirupdwlrq vwuxfwxuh lv dv lq wkh suhylrxv vhfwlrq1

Kh �qgv wkh iroorzlqj uhvxow=

Wkhruhp 7 Zlwk ulvn0qhxwudolw| ru zlwk frqvwdqw devroxwh ulvn dyhuvlrq +FDUD,
suhihuhqfhv d ehwwhu lqirupdwlrq vwuxfwxuh ghfuhdvhv hduo| lqyhvwphqw lq vhoi0
surwhfwlrq1

Wkh prgho vkrzv wkdw li zh lqwhusuhw wkh suhfdxwlrqdu| sulqflsoh dv uh0
txlulqj pruh vhoi0surwhfwlrq wrgd|/ lw lv gl!fxow wr dffhsw lw rq h!flhqf|
jurxqgv1 Dv iru wkh vhoi0lqvxudqfh lqwhusuhwdwlrq ri Jroolhu dqg rwkhuv zh
qhhg vhyhuh uhvwulfwlrqv rq suhihuhqfhv wr jhw uhvxowv1 Hhfnkrxgw/ Jroolhu/
dqg Lppruglqr +4<<<, lq wkhlu khdowk hfrqrplfv dssolfdwlrq vkrz wkdw ud0
wlrqdo sdwlhqwv shuihfwo| lqiruphg derxw wkhlu khdowk ulvnv pd| fkrrvh wr
uhgxfh wkhlu lqyhvwphqw lq vhoi0surwhfwlrq zkhq h!flhqw gldjqrvwlf whvwv eh0
frph dydlodeoh1 Dw wlph 3/ wkh sdwlhqw lv khdowk| dqg pd| xqghuwdnh d
suhyhqwlyh lqyhvwphqw zlwk wkh remhfwlyh ri uhgxflqj wkh suredelolw| ri rf0
fxuuhqfh ri d srwhqwldo looqhvv wkdw pd| dsshdu dw �rog djh� +wlph 4,1 Li
looqhvv rffxuv dw wlph 4 d wuhdwphqw vwudwhj| zloo eh dydlodeoh1 Lwv h�hfwv
krzhyhu duh xqfhuwdlq ehfdxvh li vrph vlgh frqglwlrqv duh suhvhqw wkh wuhdw0
phqw zloo srvvleo| kdyh d qhjdwlyh lpsdfw rq khdowk1 Li wkh vlgh frqglwlrqv
duh qrw suhvhqw/ wkh wuhdwphqw zloo kdyh d shuihfwo| nqrzq srvlwlyh h�hfw1
Wkh| vlpsoli| wkh prgho lq wzr zd|v= �uvw/ wkh sdwlhqw*v xwlolw| ixqfwlrq lq
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hdfk shulrg lv dgglwlyh lq wzr dujxphqwv= zhdowk +Z, dqg khdowk +K, l1h1
T ' T� E` � n T2 EM� (

Vhfrqg wkh| frqvlghu wkh iroorzlqj srvvlelolwlhv derxw gldjqrvwlf whfkqro0
rj|=

d, hlwkhu lw lv h{shfwhg wkdw ehwzhhq wlph 3 dqg wlph 4 d shuihfw gldj0
qrvwlf whvw zloo eh dydlodeoh wr dvfhuwdlq wkh suhvhqfh ru devhqfh ri wkh vlgh
frqglwlrqv>

e, ru lw lv h{shfwhg wkdw qr vxfk whvw zloo hyhu eh dydlodeoh ehiruh wlph 41
Wkh| vkrz wkdw=

Wkhruhp 8 li fdvh d suhydlov doo ulvn dyhuvh ghflvlrq pdnhuv zloo gr ohvv
vhoi0surwhfwlrq wkdq lq fdvh e1

Ilqdoo|/ Fdo}rodul dqg Lppruglqr +5333, vwxg| wkh lqwhuqdwlrqdo wudgh ri
jrrgv vxemhfw wr vflhqwl�f xqfhuwdlqw| derxw wkhlu h�hfw rq frqvxphuv* khdowk
dqg zklfk duh dw wkh fhqwhu ri lqwhuqdwlrqdo wudgh glvsxwhv;1 Wkh| vkrz
wkdw d qhz wudgh surwhfwlrqlvp pd| dulvh ehfdxvh ri vflhqwl�f xqfhuwdlqw|1
Wkhlu prgho lv forvhu lq vslulw wr wkh vhoi0surwhfwlrq dssurdfk jlyhq wkdw wkh
frqvxpswlrq ri wkh qhz surgxfw lv fkdudfwhul}hg e| d suredelolw| ri ehlqj
kdupixo1 Wkhlu vhwwlqj gl�huv iurp wkh suhylrxv olwhudwxuh ehfdxvh wkh ulvn0
qhxwudo ghflvlrq pdnhuv +wkh jryhuqphqwv, dfw vwudwhjlfdoo|1 Lq wklv vhwwlqj/
li jryhuqphqwv dgdsw wkhlu fkrlfhv wr wkh suhfdxwlrqdu| sulqflsoh wkh| zloo
edq frqvxpswlrq pruh riwhq li pruh lqirupdwlrq lv h{shfwhg lq wkh ixwxuh1
Lq idfw wkh| vkrz wkdw vflhqwl�f xqfhuwdlqw| sxvkhv wrzdug pruh frqvhuydwlyh
ghflvlrqv wrgd| li wkh h�hfwv ri frqvxpswlrq rq khdowk duh orqj0odvwlqj1

Wkhruhp 9 Jrlqj iurp qr lqirupdwlrq wr shuihfw lqirupdwlrq lw lv lpsrv0
vleoh wr dffhsw wkh lqqrydwlyh jrrg iru d frxqwu| wkdw xvhg wr edq lw1

Lq rwkhu zrugv vflhqwl�f xqfhuwdlqw| fdq ehfrph dq lqirupdwlrqdo eduulhu
wr wudgh1 Lq wkhlu vhplqdo zrunv Duurz dqg Ilvkhu +4<:7, dqg Khqu| +4<:7,
hvwdeolvk wkh uhvxow wkdw d ulvn0qhxwudo djhqw vkrxog wdnh vwurqjhu dfwlrq wr
suhyhqw ixwxuh luuhyhuvleoh ulvnv li kh h{shfwv wr rewdlq ehwwhu lqirupdwlrq1
Fdo}rodul dqg Lppruglqr +5333, vkrzhg wkdw wklv uhvxow h{whqg wr d vhwwlqj
zkhuh ghflvlrq pdnhuv dfw vwudwhjlfdoo|1

;
Frqvlghu iru h{dpsoh JPR/ wkh phdw ri dqlpdov ihg zlwk kruprqhv/ fklfnhq fdufdvvhv

zdvkhg zlwk fkorulgulf vroxwlrq/ dqg vr rq1
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8 Vrph dowhuqdwlyh dssurdfkhv

Lq vhfwlrqv 6 dqg 7 zh vxuyh|hg wkh eudqfk ri wkh ghflvlrq wkhruhwlf olwhudwxuh
wkdw ylhzv vflhqwl�f xqfhuwdlqw| dv gl�hulqj iurp ulvn pdlqo| ehfdxvh ri wkh
srvvlelolw| ri glplqlvklqj ryhu wlph dqg kdv dgrswhg d Ed|hvldq iudphzrun
iru wkh irupdo lqwhusuhwdwlrq ri wkh sulqflsoh1 Ri frxuvh zh pxvw qrw iru0
jhw wkdw ulvn ghdov zlwk remhfwlyh suredelolwlhv zkloh vrph ri wkh xqfhuwdlqw|
derxw fulwlfdo lvvxhv lq vflhqfh lv vxemhfwlyh1 Wkh Ed|hvldq vwudqg ri wkh
olwhudwxuh dvvxphv wkh h{lvwhqfh ri suredelolwlhv dqg dq lqirupdwlrq surfhvv
edvhg rq Ed|hv uxoh1 Erxjohw dqg Yhujqdxg +4<<<, uhfrqvlghu wkrvh sure0
ohpv dvvxplqj wkdw wkh ghflvlrq pdnhu glvsrvhv ri d idplo| ri suredelolw|
glvwulexwlrqv lqvwhdg ri d vlqjoh rqh1 Wkh| xvh Jloerd dqg Vfkphlgohu +4<;<,
pd{0plq fulwhulrq ri h{shfwhg xwlolw| fdofxodwhg rq wkh idplo| ri suredelolwlhv1
Lq wklv iudphzrun pruh lqirupdwlrq zloo uhgxfh wkh *dpeljxlw|*1 Irupdoo|
wklv dpeljxlw| uhgxfwlrq vxpv wr d vkulqnlqj ri wkh idplo| ri suredelolwlhv
zh vwduwhg zlwk +vhh Jloerd dqg Vfkphlgohu +4<<6,,1 Erxjohw dqg Yhujqdxg
+4<<<, sursrvh wzr w|shv ri prghov1 Wkh iruphu wuhdwv wkh lqwhuwhpsrudo
vhsdudelolw| vwxglhg e| Duurz dqg Ilvkhu +4<:7,/ Khqu| +4<:7, dqg Iuhl{dv
dqg Od�rqw +4<;7,1 Wkh odwwhu frqvlghuv wkh dffxpxodwlrq surfhvv w|slfdo
ri wkrvh prghov zlwkrxw lqwhuwhpsrudo vhsdudelolw|/ irfxvlqj rq wkh prgho
ri Xosk dqg Xosk +4<<:,1 Wkhlu uhvxowv duh vlplodu wr wkrvh lq wkh Ed|hvldq
olwhudwxuh dowkrxjk wkhuh duh lpsruwdqw txdqwlwdwlyh gl�huhqfhv1 Wkh pd{0
plq fulwhulrq grhv qrw ohdg qhfhvvdulo| wr pruh suhfdxwlrq wkdq wkh Ed|hvldq
dssurdfk dqg wkhuh lv qr suredelolw| glvwulexwlrq wkdw frxog surgxfh h{dfwo|
wkh pd{0plq ghflvlrqv1

Ehvlghv wkh gldwuleh ehwzhhq h{shfwhg xwlolw| dqg qrq0xqltxh sulru +ru
wkh yhu| pxfk uhodwhg qrq0dgglwlyh suredelolw| dssurdfk,/ wkhuh lv dq rshq
txhvwlrq ljqruhg e| erwk wkhrulhv= wkh olvw ri vwdwhv ri wkh zruog lv jlyhq
h{rjhqrxvo|1 Lq d vlwxdwlrq ri vflhqwl�f xqfhuwdlqw|/ frqvlghulqj doo wkh srv0
vleoh vwdwhv ri wkh zruog lv riwhq lpsrvvleoh/ dqg li ihdvleoh frxog eh yhu|
frvwo|1 D glvwlqfwlrq kdv ehhq pdgh ehwzhhq yduldeohv zkrvh uhohydqfh wkh
ghflvlrq pdnhu lv dzduh ri dqg wkrvh zklfk kh lv xqdzduh ri +Ghnho/ Olspdq
dqg Uxvwlfklql +4<<;,/ Prglfd dqg Uxvwlfklql +4<<7/ 4<<<,,1 �Ehlqj dzduh
ri wkh uhohydqfh ri wkh idfwv lq d vhw phdqv kdylqj dq lghd ri wkhlu lqwhudf0
wlrq/111Ehfrplqj dzduh ri qhz idfwv lv iruplqj dq lghd derxw wkhlu lqwhudfwlrq
zlwk wkrvh douhdg| lq wkh slfwxuh111�+Prglfd 4<<<,1 Fkrlfh zlwk xqiruhvhhq
frqwlqjhqflhv/ ru fkrlfh zlwk xqdzduhqhvv dqg *dzduhqhvv ri xqdzduhqhvv*
frxog jhqhudwh vrph nlqg ri suhihuhqfh iru  h{lelolw|1 Wklv frqfhsw ri *dzduh0
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qhvv ri xqdzduhqhvv* lv qrw frpsohwho| vhwwohg/ exw vrph zrun rq suhihuhqfh
iru  h{lelolw| lv prwlydwhg e| wklv lqwxlwlrq +Uxvwlfklql +4<<;,,1

9 Frqfoxvlrq

Li zh uhdoo| zdqw wkh suhfdxwlrqdu| sulqflsoh wr ehfrph wkh jxlgh ri wkh
lqwhuqdwlrqdo frppxqlw| iru hqylurqphqwdo surwhfwlrq srolflhv/ dq hfrqrplf
lqwhusuhwdwlrq ri wkh sulqflsoh lv lq rughu1 Wkh dqdo|vlv ri fdvh vwxglhv dqg d
vxuyh| ri wkh uhfhqw ghflvlrq wkhruhwlf olwhudwxuh vkrz/ rq wkh rqh kdqg/ wkh
gl!fxow| ri dsso|lqj wkh sulqflsoh gxh wr wkh ydjxhqhvv ri wkh odz hvshfldoo|
lq ylhz ri wkh lpsuhflvh qrwlrq ri wkh *dffhswdeoh hfrqrplf frvw*/ dqg rq wkh
rwkhu/ wkh odfn ri d frpsohwho| vdwlvidfwru| hfrqrplf prgholqj1

Pruh jhqhudoo| pdq| wkhruhwlf dqg hpslulfdo uhvxowv ghprqvwudwh wkdw
wkh suhfdxwlrqdu| sulqflsoh fdqqrw eh dvvxphg wr dsso| d sulrul1 Wkh suh0
fdxwlrqdu| sulqflsoh/ sursrvhg e| lqwhuqdwlrqdo wuhdwlhv dv d uxoh ri wkxpe
wr eh xvhg lq vlwxdwlrqv ri vflhqwl�f xqfhuwdlqw|/ frxog lqghhg eh lqh!flhqw1
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Uhihuhqfhv

^4` Duurz/ N1M1/ dqg Ilvkhu/ D1F1/ +4<:7,/ Hqylurqphqwdo suhvhuydwlrq xq0
fhuwdlqw|/ dqg luuhyhuvlelolw|/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ ;;/ 6450
64<1

^5` Eodfnzhoo/ G1/ +4<84,/ Frpsdulvrq ri H{shulphqwv/ lq M1 Qh|pdq +hg1,
Surfhhglqjv ri wkh Vhfrqg Ehunhoh| V|psrvlxp rq Pdwkhpdwlfdo Vwdwlv0
wlfv dqg Suredelolw|/ Xqlyhuvlw| ri Fdoliruqld Suhvv/ Ehunhoh|/ <604351

^6` Erqq|/ V1/ +4<<;,/ Ohv elrwhfkqrorjlhv/ vrxufh gh vìfxulwì dolphqwdluh
srxu ghpdlqB/ Fdklhuv Djulfxowxuhv/ qry10ghf1/ 77307791

^7` Erqq|/ V1/ +4<<<d,/ O*djulfxowxuh iudqêdlvh= oh grxeoh ulvtxh ghv RJP/
Ulvtxhv/ 6;/ 9:0:51

^8` Erqq|/ V1/ +4<<<e,/ Fdq elrwhfkqrorj| ohdg wr pruh vxvwdlqdeoh djulfxo0
wxuhB/ frppxqlfdwlrq dw wkh Iluvw Lqwhuqdwlrqdo V|psrvlxp rq Vxvwdlq0
deoh Hfrv|vwhp Pdqdjhphqw/ 4704; pduv1

^9` Erxjohw/ W1/ dqg Yhujqdxg/ M1F1/ +4<<<,/ Xqh dssurfkh qrq Ed|ìvlhqqh
gh od wkìrulh ghv luuìyhuvlelolwìv gìflvlrqqhoohv/ plphr1

^:` Eul|v/ H1/dqg Vfkohvlqjhu/ K1/ +4<<3,/ Ulvn Dyhuvlrq dqg wkh surshqvlwlhv
iru Vhoi0Lqvxudqfh dqg Vhoi0Surwhfwlrq/ Vrxwkhuq Hfrqrplf Mrxuqdo/ 8:/
78;079:1

^;` Fdo}rodul/ J1/ dqg Lppruglqr/ J1/ +5333,/ Kruprqh ehhiv/ fkorulgulf
fklfnhq dqg lqwhuqdwlrqdo wudgh= fdq vflhqwl�f xqfhuwdlqw| eh dq lqiru0
pdwlrqdo eduulhu wr wudghB/ plphr1

^<` Fdphurq/ M1/ dqg Zdgh0Jhu|/ Z1/ +4<<8,/ Dgguhvvlqj xqfhuwdlqw|1 Odz/
srolf| dqg wkh ghyhorsphqw ri wkh suhfdxwlrqdu| sulqflsoh/ lq E1 Ghqwh
+hg1,/ Hqylurqphqwdo srolf| lq vhdufk ri qhz lqvwuxphqwv/ Noxzhu Dfd0
ghplf Sxeolvkhuv/ fkds1 9/ <804751

^43` Fkdxphw/ I1/ dqg Hzdog/ I1/ +4<<5,/ Dxwrxu gh od suhfdxwlrq/ Ulvtxhv/
44/ <<04371

^44` Frxv|/ K1/ +4<<8,/ D sursrv gh od qrwlrq gh suhfdxwlrq/ Ulvtxhv/ 54/
47<04941
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^45` Ghnho/ H1/ Olspdq/ E1/ dqg Uxvwlfklql/ D1/ +4<<;,/ Vwdqgdug vwdwh0vsdfh
prghov suhfoxgh xqdzduhqhvv/ Hfrqrphwulfd 99/ 48<04:61

^46` Glrqqh/ J1/ dqg Hhfnkrxgw/ O1/ +4<;8,/ Vhoi0Lqvxudqfh/ Vhoi0Surwhfwlrq/
dqg lqfuhdvhg ulvn dyhuvlrq/ Hfrqrplf Ohwwhuv/ 4:/ 6<0751

^47` Gl{lw/ D1N1/ +4<<5,/ Lqyhvwphqw dqg K|vwhuhvlv/ Mrxuqdo ri Hfrqrplf
Shuvshfwlyhv/ 9/ 43:04651

^48` Gxe|/ M1/ +4<<9,/ O*d�dluh gh od ydfkh irooh/ Ulvtxhv/ 5:/ 49604:31

^49` Hhfnkrxgw/ O1/ Jroolhu/ F1/ dqg Lppruglqr/ J1/ +4<<<,/ Gldjqrvwlf whvwv
dqg wkh ghpdqg iru suhyhqwlrq= dq h{shfwhg xwlolw| dssurdfk/ plphr1

^4:` Hsvwhlq/ O1V1/ +4<;3,/ Ghflvlrq0pdnlqj dqg wkh whpsrudo uhvroxwlrq ri
xqfhuwdlqw|/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 54/ 59<05;71

^4;` Hkuolfk/ L1/dqg Ehfnhu/ J1/ +4<:5,/ Pdunhw Lqvxudqfh/ Vhoi0Surwhfwlrq
dqg Vhoi0Lqvxudqfh/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ Mxo|0Dxjxvw/ 956097;1

^4<` Iuhl{dv/ [1/ dqg Od�rqw/ M1M1/ +4<;7,/ Rq wkh luuhyhuvlelolw| h�hfw/ lq
Er|hu/ P1 dqg Nlkovwurp/ U1/ +hgv1, Ed|hvldq Prghov lq Hfrqrplf Wkh0
ru|/ Fk1 :/ Hovhylhu/ Gruguhfkw1

^53` Jloerd/ L1/ dqg Vfkphlgohu/ G1/ +4<;<,/ Pd{plq h{shfwhg xwlolw| zlwk d
qrq xqltxh sulru/ Mrxuqdo ri Pdwkhpdwlfdo Hfrqrplfv/ 4;/ 47404861

^54` Jloerd/ L1/ dqg Vfkphlgohu/ G1/ +4<<6,/ Xsgdwlqj dpeljxrxv eholhiv/
Mrxuqdo ri Hfrqrplf Wkhru| 8</ 6607<1

^55` Jroolhu/ F1/ Mxoolhq/ E1/ dqg Wuhlfk/ Q1/ +5333,/ Vflhqwl�f surjuhvv dqg
luuhyhuvlelolw|= Dq hfrqrplf lqwhusuhwdwlrq ri wkh �Suhfdxwlrqdu| Sulq0
flsoh�/ Mrxuqdo ri Sxeolf Hfrqrplfv/ :8/ 55<05861

^56` Khqu|/ F1/ +4<:7,/ Lqyhvwphqw ghflvlrqv xqghu xqfhuwdlqw|= wkh luuh0
yhuvlelolw| h�hfw/ Dphulfdq Hfrqrplf Uhylhz/ 97/ 4339043451

^57` Lppruglqr/ J1/ +4<<;,/ Vhoi0surwhfwlrq/ lqirupdwlrq dqg wkh Suhfdxwlrq0
du| Sulqflsoh/ plphr1

^58` Mrqhv/ U1D1/ dqg Rvwur|/ M1P1/ +4<;7,/ uhyhuvlelolw| dqg Xqfhu0
wdlqw|/Uhylhz ri Hfrqrplf Vwxglhv/ OL/ 460651
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^59` Nrovwdg/ F1G1/ +4<<9,/ Ixqgdphqwdo luuhyhuvlelolwlhv lq Vwrfn h{whuqdol0
wlhv/ Mrxuqdo ri Sxeolf Hfrqrplfv/ 93/ 55405661

^5:` Ohsdjh/ F1/ +4<<<,/ O*lqglvshqvdeoh sulqflsh gh suìfdxwlrq/ Ulvtxhv/ 6;/
<<04351

^5;` Orfkdug/ M1/ dqg Vklhehu/ F1/ +4<<:,/ Jhvwlrq gx ulvtxh udglrorjltxh1 Gh
od suìyhqwlrq ã od suìfdxwlrq/ Ulvtxhv/ 5</ ;<04331

^5<` Pduvfkdn/ M1/ dqg N1 Pl|dvdzd/ +4<9;,/ Hfrqrplf frpsdudelolw| ri lq0
irupdwlrq v|vwhpv/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 46:04:71

^63` Prglfd/ V1/ +4<<<,/ Xqdzduhqhvv/ sulruv dqg srvwhulruv/ plphr1

^64` Prglfd/ V1/ dqg Uxvwlfklql/ D1/ +4<<7,/ Dzduhqhvv dqg sduwlwlrqdo lqiru0
pdwlrq vwuxfwxuhv/ Wkhru| dqg Ghflvlrq 6:/ 43:04571

^65` Prglfd/ V1/ dqg Uxvwlfklql/ D1/ +4<<<,/ Xqdzduhqhvv dqg sduwlwlrqdo
lqirupdwlrq vwuxfwxuhv/ Jdphv dqg hfrqrplf Ehkdylru 5:/ 59805<;1

^66` Qrugkdxv/ Z1G1/ +4<<7,/ Pdqdjlqj wkh joredo frpprqv/ wkh PLW Suhvv/
Fdpeulgjh1

^67` R*Ulrugdq/ W1/ dqg Fdphurq/ M1/ +4<<8,/ Lqwhusuhwlqj wkh Suhfdxwlrqdu|
Sulqflsoh/ Hduwkvfdq Sxeolfdwlrqv/ Orqgrq1

^68` Slqg|fn/ U1/ +4<<4,/ Luuhyhuvlelolw|/ xqfhuwdlqw| dqg lqyhvwphqw/ Mrxuqdo
ri Hfrqrplf Olwhudwxuh/ 5</ 44430447;1

^69` Uxvwlfklql/ D1/ +4<<;,/ Suhihuhqfh iru  h{lelolw| ryhu pdq| shulrgv/
plphr1

^6:` Wuhlfk/ Q1/ +4<<:,/ Hfrqrplh gh o*lqfhuwdlq= dqdo|vh gh od suìfdxwlrq/
Sk1G1 glvvhuwdwlrq1

^6;` Xosk/ D1 dqg Xosk/ G1/ +4<<:,/ Joredo zduplqj/ luuhyhuvlelolw| dqg ohduq0
lqj/ Hfrqrplf Mrxuqdo/ 43:/ 969097<1

^6<` Ydofhvfklql/ H1/ Jr}odq/ H1/ dqg Ud|qdxg/ H1/ +4<<<,/ Txhooh vwudwìjlh
g*lqirupdwlrq ghv frqvrppdwhxuvB/ Ulvtxhv/ 6;/ :60:;1
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