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Devwudfw

Wkh 4<<7 Qruwkulgjh hduwktxdnh vhqw ulssohv wr lqvxudqfh frpsd0

qlhv hyhu|zkhuh1 Wklv zdv rqh lq d vhulhv ri qdwxudo glvdvwhuv vxfk dv

Kxuulfdqh Dqguhz zklfk wrjhwkhu zlwk wkh sureohpv lq Oor|g*v ri Orq0

grq kdyh lqvxudqfh frpsdqlhv uxqqlqj iru fryhu1 Wklv sdshu suhvhqwv

d fdoleudwlrq ri wkh X1V1 hfrqrp| lq d prgho zlwk �qdqfldo pdunhwv iru

lqvxudqfh ghulydwlyhv wkdw vxjjhvwv wkh X1V1 hfrqrpp| fdq ghdo zlwk

wkh gdpdjh ri qdwxudo fdwdvwurskh idu ehwwhu wkdq rqh pljkw wklqn1

MHO= G8;/ J45/ J55

Nh|zrugv= Fdwdvwurskh erqgv/ hduwktxdnh lqvxudqfh/ fdoleudwlrq/ vxuylydo

dqdo|vlv
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Rq Mdqxdu| 4:/ 4<<7 dq hduwktxdnh ri pdjqlwxgh 91: klw Qruwkulgjh/ d
uhvlghqwldo qhljkerukrrg lq wkh Qruwkhuq Orv Dqjhohv edvlq1 Wkh hduwk0
txdnh zdv iroorzhg e| d orqj vhtxhqfh ri vpdoohu txdnhv/ ru diwhuvkrfnv/ ri
vpdoohu pdjqlwxghv lq Qruwkulgjh dqg vxuurxqglqj duhdv1 Dffruglqj wr wkh
XV Jhrorjlfdo Vxuyh| +XVJV, � vl{w| shrsoh zhuh nloohg/ pruh wkdq :/333
lqmxuhg/ 53/333 zhuh ohiw krphohvv dqg pruh wkdq 73/333 exloglqjv gdpdjhg
lq Orv Dqjhohv/ Yhqwxud/ Rudqjh/ dqg Vdq Ehuqduglqr Frxqwlhv1 Hvwlpdwhv
ri gdpdjh duh ehwzhhq 46 dqg 53 eloolrq X1V1 grooduv1

Wkh uhdfwlrq ri lqvxudqfh frpsdqlhv zdv vxfk wkdw d qhz lqvwlwxwlrq zdv
fuhdwhg= wkh Fdoliruqld Hduwktxdnh Dxwkrulw| +FHD,1 Wkh uhdvrq2 wkh FHD
jlyhv iru lwv fuhdwlrq lv wkdw lw zdv qhfhvvdu| lq rughu wr dyrlg ghelolwdwlqj wkh
krphrzqhuv* lqvxudqfh pdunhw dqg wr nhhs hduwktxdnh lqvxudqfh dydlodeoh
dw d�rugdeoh sulfhv1 Wklv lv ehfdxvh Fdoliruqld odz uhtxluhv lqvxuhuv wr r�hu
hduwktxdnh lqvxudqfh zlwk hyhu| krphrzqhuv srolf|1 Diwhu kdylqj wr devrue
elj sd|phqwv iurp wkh Qruwkulgjh hduwktxdnh/ pdq| frpsdqlhv frqvlghuhg
zlwkgudzlqj iurp wkh Fdoliruqld krphrzqhuv* lqvxudqfh pdunhw dowrjhwkhu1

Wkh Qruwkulgjh hduwktxdnh/ dorqj zlwk Kxuulfdqh Dqguhz/ kdv wuljjhuhg
zlghvsuhdg frqfhuq dprqj lqvxudqfh frpsdqlhv wkdw uhlqvxuhuv pd| qrw eh
deoh wr surylgh wkh nlqg ri fryhudjh qhhghg wr sd| iru gdpdjh iurp d pdmru
qdwxudo fdwdvwurskh1 Wkhvh frqfhuqv kdyh dffhohudwhg lqwhuhvw lq dsso|lqj
�qdqfh wr lqvxudqfh pdunhwv1 Lq sduwlfxodu/ vlqfh Ghfhpehu 4<<9 lqvxu0
dqfh frpsdqlhv kdyh vwduwhg wr lvvxh d qhz nlqg ri vhfxulw|= fdwdvwurskh

erqgv1 Wkh erqgv surplvh wr sd| wkuhh ru irxu shufhqwdjh srlqwv pruh wkdq
frpsdudeoh frusrudwh erqgv exw wkhuh lv d fdwfk= li zlwklq d |hdu wkh fdwdv0
wurskh rq zklfk wkh erqg lv zulwwhq +iru h{dpsoh/ wkhuh lv dq hduwktxdnh
lq wkh Qruwkhdvwhuq sduw ri wkh X1V1, fdxvhv d vx�flhqwo| odujh qxpehu ri
fodlpv rq wkh lvvxlqj frpsdq|/ wkh kroghuv ri wkh erqg orvh sduw ru doo ri
wkh sulqflsdo�1

Lq wklv sdshu L zloo xvh d vshfldo iudphzrun ghyhorshg lq Shqdoyd ^4<<:d/
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4<<:e` wr pdnh dq hfrqrplf prgho ri wkh Fdoliruqld hfrqrp| dqg lwv h{0
srvxuh wr hduwktxdnhv1 Wkh prgho vxjjhvwv wkdw wkh srvvleoh gdpdjh iurp
d pdmru hduwktxdnh zrxog eh vxevwdqwldo exw vpdoo uhodwlyh wr X1V1 JQS1
Lw dovr vxjjhvwv wkdw wkh ulvn iurp vxfk d fdwdvwurskh fdq eh rswlpdoo| do0
orfdwhg wkurxjk uhdvrqdeo| sulfhg lqvxudqfh frqwudfwv dqg zhoo0ixqfwlrqlqj
�qdqfldo pdunhwv lq lqvxudqfh ghulydwlyhv/ vxfk dv fdwdvwurskh erqgv1

Wkh sxusrvh ri wklv h{huflvh lv wr vhh krz d shuihfwo|0ixqfwlrqlqj frp0
shwlwlyh lqvxudqfh pdunhw zrxog ghdo zlwk wkh gdpdjh fdxvhg e| d pdmru
hduwktxdnh wr Fdoliruqld uhdo hvwdwh/ frpsduh wkdw zlwk wkh sursrvdov ri wkh
FHD/ dqg vwxg| wkh uroh wkdw hduwktxdnh erqgv sod| lq doorzlqj iru wkh
vsuhdglqj ri wklv ulvn1 Wkh prgho irfxvhv h{foxvlyho| rq fdwdvwursklf gdp0
djh wr uhvlghqwldo uhdo hvwdwh1 Dv zh zloo vhh/ wkh h{shfwhg gdpdjh dqg frvw
ri lqvxudqfh iru _wkh Elj Rqh% duh juhdwo| h{djjhudwhg/ dqg fdwdvwurskh
erqgv r�hu d vxevwdqwldo h{fhvv uhwxuq1

Wklv sdshu lv glylghg lqwr irxu pdlq vhfwlrqv1 Lq wkh �uvw vhfwlrq L zloo
jr lqwr ghwdlo dv wr zkdw dq hduwktxdnh lv/ krz lw lv phdvxuhg/ dqg zkdw
nlqg ri gdpdjh lw fdxvhv1 Lq wkh vhfrqg vhfwlrq L zloo rxwolqhg wkh prgho dqg
ghvfuleh wkh fdoleudwlrq xvhg wr hvwlpdwh wkh sdudphwhuv ri wkh prgho1 Lq
wkh wklug vhfwlrq L zloo ghvfuleh wkh uhvxowv ri wkh fdoleudwlrq iru wkh Duurz0
Gheuhx hfrqrp|/ dqg lq wkh irxuwk vhfwlrq L zloo orrn dw zkdw wkhvh uhvxowv
whoo xv derxw wkh frpshwlwlyh sulfhv iru lqvxudqfh frqwudfwv dqg fdwdvwurskh
erqgv1

2 ,@h|�^�@!it @?_ ,@h|�^�@!i #@4@}i

Wkh �uvw vwhs ri wkh dqdo|vlv wdnhv xv lqwr wkh uhdop ri jhrsk|vlfv1 Ehiruh
wdonlqj derxw wkh hfrqrplf frqvhtxhqfhv ri hduwktxdnhv/ rqh qhhgv wr xq0
ghuvwdqg vrphzkdw zkdw hduwktxdnhv duh/ krz wkh| duh phdvxuhg/ dqg wkh
nlqg ri gdpdjh wkh| fdq fuhdwh1 Wkhuh lv d vrphzkdw zdushg shufhswlrq
ri wkh nlqg ri gdpdjh wr h{shfw iurp dq hduwktxdnh lq Fdoliruqld/ hyhq d
pdmru rqh/ vr lw lv khosixo wr xqghuvwdqg vrph ri wkh idfwv1

Dq hduwktxdnh lv udslg jurxqg vkdnlqj +jurxqg prwlrq, dqg lv jhqhu0
doo| gxh wr pryhphqw ri whfwrqlf sodwhv/ wkh huxswlrq ri yrofdqrv +zklfk
lv qrw qhfhvvdulo| glvwlqfw iurp pryhphqw lq whfwrqlf sodwhv,/ wkh froodsvh
ri plqhv ru xqghujurxqg fdyhuqv/ ru wr h{sorvlrqv +xvxdoo| dvvrfldwhg wr
qxfohdu whvwlqj xqghujurxqg,1

Hduwktxdnh ulvn lq Fdoliruqld lv gxh sulpdulo| wr wkh �uvw fdxvh= wkh
pryhphqw ri whfwrqlf sodwhv1 Whfwrqlf sodwhv duh kxjh pdvvhv ri urfn wkdw
irup wkh Hduwk*v fuxvw +olwkrvskhuh,1 Wkhuh duh uhodwlyho| ihz ri wkhp dqg
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wkhlu pryhphqw lv phdvxuhg lq fhqwlphwhuv +ru lqfkhv, shu |hdu1 Wkh pryh0
phqw ri wkhvh sodwhv lv wkh pdlq fdxvh iru wkh jhrorjlfdo vkdsh ri frqwlqhqwv
dqg wkhlu odqgvfdsh/ vshfldoo| prxqwdlqv1 Wkuhh whfwrqlf sodwhv phhw lq wkh
Qruwkhuq sduw ri wkh vwdwh1 Wkh sulpdu| fdxvh iru frqfhuq lq Fdoliruqld lv
wkh idxow v|vwhp dvvrfldwhg zlwk wkh wzr pdlq sodwhv= wkh Qruwk Dphulfdq
sodwh dqg wkh Sdfl�f sodwh1 Wkh ciurqwlhu* ehwzhhq wzr sodwhv lv qrw qhdwo|
ghpdufdwhg e| d vlqjoh olqh exw e| d edqg/ whqv ri nlorphwhuv zlgh/ zklfk
L zloo fdoo wkh idxow v|vwhp/ dqg zklfk pdlqo| d�hfwv wkh Fdoliruqld frdvw
Vrxwk ri Vdq Iudqflvfr1 Zlwklq wklv ciurqwlhu* wkhuh duh orqj fudfnv rq wkh
urfn od|huv/ zklfk L zloo uhihu wr dv idxowv ru idxow olqhv1 Wkhvh duh glvsod|hg
lq Iljxuh 41

Li wkh suhvvxuh jhqhudwhg e| sodwh pryhphqw lv qrw vx�flhqw wr pryh wkh
erglhv ri urfn wkdw pdnh xs wkh idxow v|vwhp/ vwuhvv zloo dffxpxodwh lq wkrvh
urfnv1 Vwuhvv dffxpxodwhv xqwlo lw h{fhhgv wkh hodvwlf fdsdflw| ri wkh urfn
dqg/ dv wkh urfn jlyhv zd| wr wkh dffxpxodwhg vwudlq/ hqhuj| lv uhohdvhg lq
wkh irup ri khdw dqg vhlvplf hqhuj|1 Khdw/ zklfk wdnhv xs qlqhw| shu fhqw
ru pruh ri doo wkh uhohdvhg hqhuj| fdxvhv qr gdpdjh wr shrsoh ru surshuw|1
Vhlvplf hqhuj|/ rq wkh rwkhu kdqg/ pdnhv wkh jurxqg vkdnh1 Vhlvplf hqhuj|
wudyhov dv zdyhv/ dqg wkhuh duh wkuhh nlqgv=

41 Sulpdu| zdyhv duh wkh idvwhvw zdyhv jhqhudwhg e| dq hduwktxdnh1 Wudy0
holqj wkurxjk zdwhu dv zhoo dv vrolg pdwwhu/ wkh| jhqhudwh d sxvk0sxoo
prwlrq zklfk/ zkhq uhdfklqj wkh vxuidfh/ ihhov olnh d eulhi/ vwurqj vkrfn
ru mrow1

51 Vhfrqgdu| zdyhv/ dovr txlwh idvw/ wudyho rqo| wkurxjk odqg1 Wklv w|sh
ri zdyh lv ihow pruh vwurqjo| wkdq wkh sulpdu| zdyhv dqg jhqhudwhv
krul}rqwdo dqg yhuwlfdo jurxqg pryhphqw wkdw fdq eh txlwh gdpdjlqj
wr exloglqjv1 Dv lw pryhv iurp vrolg urfn wr vriwhu vrlo wkh zdyh lv
ihow iru d orqjhu shulrg ri wlph dqg lqfuhdvhv lq dpsolwxgh/ jhqhudwlqj
pruh yljrurxv vkdnlqj1

61 Vxuidfh zdyhv wudyho dorqj wkh vxuidfh ri wkh olwkrvskhuh dqg duh rqo|
glvwlqjxlvkdeoh lq wkh lpphgldwh duhd ri wkh vkrfn1 Rqh ydulhw| ri
vxuidfh zdyhv/ wkh Oryh zdyh/ jhqhudwhv vlgh0wr0vlgh prwlrq vlplodu
wr wkdw jhqhudwhg e| vhfrqgdu| zdyhv exw zlwkrxw wkh yhuwlfdo glv0
sodfhphqw1 Wkh| duh sduwlfxoduo| gdpdjlqj wr exloglqj vwuxfwxuhv dqg
irxqgdwlrqv1 Wkh vhfrqg ydulhw|/ wkh Udohljk zdyh/ jhqhudwh dq rfhdq
zdyh w|sh ri prwlrq sduwlfxoduo| gdpdjlqj wr wkh vxshuvwuxfwxuhv ri
wdoo exloglqjv1
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Wkh h�hfw ri wkh zdyhv lv d�hfwhg e| d qxpehu ri idfwruv1 Wkh jhr0
orjlf surshuwlhv ri wkh odqg wkh zdyhv wudyho wkurxjk d�hfwv wkhlu vwuhqjwk
dqg vshhg/ dqg lw fdq wudqvirup wkhp iurp rqh w|sh wr dqrwkhu1 Dovr/ wkh
ghswk ri wkh hslfhqwhu pdwwhuv1 Vkdoorz hduwktxdnhv +dw d ghswk ri ohvv
wkdq 48 plohv, dffrxqw iru qlqhw| shu fhqw ri whfwrqlf hduwktxdnhv lq wkh
zruog exw rqo| vhyhqw|0�yh shufhqw ri wrwdo hqhuj| uhohdvhg/ dqg duh pruh
frpprq durxqg idxow olqhv/ olnh prvw Fdoliruqld hduwktxdnhv1 Exw hyhq iru
vkdoorz hduwktxdnhv gl�huhqfhv lq ghswk lqfuhdvh wkh gl�fxow| ri hvwlpdwlqj
wkh vwuhqjwk dqg gluhfwlrq ri jurxqg vkdnlqj rq wkh vxuidfh1 Dq dgglwlrqdo
idfwru lv wkh whqghqf| ri hduwktxdnhv wr foxvwhu +jhrjudsklfdoo| dqg ryhu
wlph,1 Dv hduwktxdnhv duh jhqhudwhg e| wkh uhohdvh ri dffxpxodwhg vwudlq
dq hduwktxdnh lq rqh sodfh lv d vljqdo wkdw wkhuh lv vwuhvv dffxpxodwhg wkhuh1
Wkh zdyhv jhqhudwhg e| rqh hduwktxdnh fdq wuljjhu wkh uhohdvh ri hqhuj| lq
qhdue| duhdv1 Khqfh/ dq hduwktxdnh lv qrw mxvw d vlqjoh hyhqw dw d xqltxh
orfdwlrq exw d foxvwhu ri jurxqg prwlrqv lq vsdfh0wlph= wkh vr0fdoohg iruh0
vkrfnv dqg diwhuvkrfnv1 Wkh hduwktxdnh lv qdphg diwhu wkh orfdwlrq ri wkh
odujhvw uhohdvh ri hqhuj| lq wkdw foxvwhu/ dv zlwk wkh Qruwkulgjh hduwktxdnh
+lq dgglwlrq wr wkh Qruwkulgjh txdnh wkhuh zhuh ryhu 8/333 phdvxudeoh di0
whuvkrfnv zlwklq wkh vxevhtxhqw 63 gd|ve> iruhvkrfnv duh pxfk pruh uduh
dqg gl�fxow wr fodvvli|,1

2�� "�@!i �i@t�hi4i?|

Jlyhq wkh frpsoh{ qdwxuh ri hduwktxdnhv/ lw lv kdug wr lpdjlqh krz rqh
qxpehu frxog dghtxdwho| ghvfuleh wkhp/ dqg qdwxudoo| wkhuh lvq*w1 Wkhuh
duh phdvxuhv ri dffhohudwlrq/ wkh dprxqw ri hqhuj| uhohdvhg/ prphqw pdj0
qlwxgh/ ihow h�hfwv/ hwf1 Hqhuj| uhohdvhg lv frqvlghuhg wkh prvw dssursuldwh
pdjqlwxgh ghvfulelqj dq hduwktxdnh dv lw phdvxuhv wkh sk|vlfdo h�hfw wkdw
gh�qhv lw1 Wkh wzr pdlq phdvxuhv ri hqhuj| uhohdvhg duh ghvfulehg e| wkh
dfurq|pv Pz dqg Pr1 Erwk Pz dqg Pr phdvxuh hqhuj| uhohdvhg lq wkh
vdph zd| +wkh| duh olnh Idkuhqkhlw dqg Fhqwljudghv,1 Pz lv vfdohg vr wkdw
phdvxuhphqwv lq Pz vlpxodwh wkrvh ri wkh pruh idploldu vfdoh/ PO/ wkh
idprxv Ulfkwhu pdjqlwxgh1 Wkh Ulfkwhu vfdoh phdvxuhv d gl�huhqw h�hfw
ri hduwktxdnhv/ wkh dpsolwxgh ri wkh odujhvw zdyhv jhqhudwhg e| wkh hduwk0
txdnh rq wkh vxuidfh1 Zdyh dpsolwxgh phdvxuhv gr qrw dffxudwho| phdvxuh
uhohdvhg hqhuj|/ |hw wkh| duh xvhixo phdvxuhv ri wkh sk|vlfdo h�hfwv ri dq
hduwktxdnh dv ihow rq wkh vxuidfh/ dqg lq sudfwlfdo whupv zkdw pdwwhuv lv wkh
dprxqw ri vkdnlqj jhqhudwhg1

eW@ULT� d�bbSo
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Dffhohudwlrq lv phdvxuhg wr ghwhuplqh wkh vwuhqjwk ri vkdnlqj/ d jrrg
phdvxuh ri srwhqwldo gdpdjh dv lw lv vkdnlqj wkdw pdlqo| d�hfwv wkh lqwhjulw|
ri d vwuxfwxuh1 Wrjhwkhu zlwk dffhohudwlrq/ wkh gxudwlrq ri vkdnlqj dqg phdq
yhorflw| jlyh d jrrg lghd ri wkh vwuhvv surgxfhg rq vwuxfwxuhv1

Ilqdoo|/ wkhuh lv d txdolwdwlyh ghvfulswlrq ri wkh dprxqw ri sk|vlfdo
gdpdjh jhqhudwhg e| dq hduwktxdnh/ wkh Prgl�hg Phufdool Lqwhqvlw| vfdoh
+PPL,1 Wklv phdvxuh lv ghwhuplqhg iurp lqwhuylhzv zlwk shrsoh dw gl�huhqw
orfdwlrqv lq wkh duhdv vxuurxqglqj wkh hduwktxdnh dqg iurp revhuydwlrqv ri
wkh sk|vlfdo ghvwuxfwlrq jhqhudwhg1 D frs| ri wkh vfdoh lv uhsurgxfhg lq
Dsshqgl{ ;1 D odujh hduwktxdnh lq wkh plggoh ri wkh ghvhuw zrxog jhqhudwh
d pxfk orzhu PPL wkdq d prghudwh hduwktxdnh lq wkh plggoh ri d ghqvho|
srsxodwhg duhd1
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Iljxuh 4= Pdlq Idxowv lq Fdoliruqld1
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Wkh vxgghq uhohdvh ri hqhuj| lq wkh irup ri khdw dqg vhlvplf hqhuj| kdv hfr0
qrplf frqvhtxhqfhv ehfdxvh wkh| fdxvh gl�huhqwldo jurxqg vhwwohphqw/ odqg
dqg pxg volghv/ vrlo oltxhidfwlrq/ jurxqg oxufklqj/ dydodqfkhv/ wvxqdplv dqg
vhlfkhv/ jurxqg glvsodfhphqw dorqj wkh idxow/ dqg odvw/ exw e| qr phdqv ohdvw/
jurxqg vkdnlqj1 Wkhvh fdxvh gdpv wr ryhu�rz dqg2ru euhdn/ vwuxfwxuhv wr
froodsvh/ remhfwv wr idoo/ slshv wr exuvw zlwk vxevhtxhqw �uhv dqg wr{lf frq0
wdplqdwlrq/ hwf1 Wkhvh jhqhudwh orvv ri olih/ lqmxulhv/ dqg wkh ghvwuxfwlrq ri
surshuw| dqg lqiudvwuxfwxuh1

L dp jrlqj wr frqfhqwudwh wklv dqdo|vlv rq pdmru gdpdjh wr uhvlghqwldo
vwuxfwxuhv/ zkhuh e| pdmru gdpdjh L phdq wkh froodsvh ru surorqjhg forvxuh
ri d vwuxfwxuh gxh wr wkh qhhg iru pdmru vwuxfwxudo uhfrqvwuxfwlrq1 Wkh pdlq
fdxvh ri pdmru gdpdjh wr uhvlghqwldo vwuxfwxuhv lv gxh wr jurxqg glvsodfh0
phqw/ dw dqg durxqg wkh idxow/ dqg jurxqg vkdnlqj1 Wkh h{whqw ri gdpdjh
pdlqo| ghshqgv rq wkh pdjqlwxgh ri wkh hduwktxdnh/ wkh gxudwlrq ri prwlrq
dqg sur{lplw| wr wkh hslfhqwhu1

Wkhuh duh wzr dgglwlrqdo idfwruv wkdw duh sduwlfxoduo| lpsruwdqw= wkh
jhrorjlf irxqgdwlrq/ dqg wkh vwuxfwxudo ghvljq dqg frqvwuxfwlrq txdolw| ri
wkh vwuxfwxuh1 Vriwhu vrlov fdq lqfuhdvh wkh lqwhqvlw| ri vkdnlqj dqg sur0
orqj lwv gxudwlrq1 Xqvwdeoh vrlov/ vxfk dv duwl�fldoo| hqjlqhhuhg odqg�oov +ri
vdqg/ txduu| uxeoh/ ru hyhq jduedjh, dqg khdy| frqfhqwudwlrqv ri pxg/ duh
sduwlfxoduo| vhqvlwlyh wr jurxqg vkdnlqj1

Wkh lpsruwdqfh ri vwuxfwxudo ghvljq dqg frqvwuxfwlrq txdolw| lv reylrxv
zkhq rqh frpsduhv wkh gdpdjh fdxvhg e| hduwktxdnhv lq wkh Zhvwhuq X1V1
ru Mdsdq lq wkh odvw wzhqw| |hduv zlwk wkdw fdxvhg e| vlplodu/ hyhq ploghu
hduwktxdnhv lq wkh X1V1 dw wkh hqg ri wkh odvw fhqwxu| ru pruh uhfhqwo| lq
ghyhorslqj qdwlrqv vxfk dv Ludq/ Shux ru Fklqd1 Wkh prvw lpsruwdqw idfwruv
ghwhuplqlqj wkh vhqvlwlylw| ri d vwuxfwxuh wr jurxqg vkdnlqj lv wkh vrolglw|
ri lwv irxqgdwlrqv +dqg ehlqj erowhg wr wkhp,/ dqg wkh pdwhuldov dqg ghvljq
ri wkh vwuxfwxuh lwvhoi1 Ruglqdu| xquhlqirufhg pdvrqu| vwuxfwxuhv +frpprq
dprqj ghyhorslqj qdwlrqv, duh sduwlfxoduo| yxoqhudeoh wr jurxqg prwlrq
ehfdxvh ri wkhlu khdy| pdvv dqg orz uhvlvwdqfh wr odwhudo irufhv1

Iru gdpdjh lq Fdoliruqld/ wkh pdlq wzr idfwruv ghwhuplqlqj srwhqwldo
gdpdjh duh pdjqlwxgh dqg orfdwlrq1 D prghudwho| odujh wr odujh hduwktxdnh
zlwk dq hslfhqwhu forvh wr d kljko| ghqvho| srsxodwhg duhd zrxog jhqhudwh
wkh nlqgv ri zlghvsuhdg ghvwuxfwlrq wkdw jlyh lqvxudqfh frpsdqlhv pxfk
frqfhuq1 Lq whupv ri wkh prgho/ L zloo frqfhqwudwh rq yhu| odujh/ _fdwdv0
wursklf% hduwktxdnhv/ vxfk dv wkh 4<39 Vdq Iudqflvfr hduwktxdnh/ zlwk d
pdjqlwxgh ri P:18. +wkh idprxv _ELJ RQH%,1
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D prgho ri wkh hfrqrplf frqvhtxhqfhv ri hduwktxdnhv rq Fdoliruqld*v
uhvlghqwldo uhdo hvwdwh zloo qhhg wr wdnh lqwr dffrxqw doo wkh gl�huhqw dvshfwv
ri hduwktxdnhv dqg frpelqh wkhp zlwk nqrzohgjh ri wkh vwdwxv ri Fdoliruqld
krphv/ wkhlu vwuxfwxuh dqg wkhlu orfdwlrq1 Lq wkh iroorzlqj vhfwlrqv L zloo
hpehg wklv lqirupdwlrq zlwklq d yhu| vlpsoh prgho ri wkh X1V1 hfrqrp| wr
dqdo|}h wkh lpsruwdqfh ri wkh gdpdjh jhqhudwhg e| hduwktxdnhv uhodwlyh wr
wkh hfrqrp| dv d zkroh/ dqg wr vhh krz d shuihfwo|0ixqfwlrqlqj lqvxudqfh
pdunhw zloo ghdo zlwk lw1

� A�i �L_i*

Wkh prgho L suhvhqw khuh �wv zlwklq wkh jhqhudo fodvv ri fdoleudwlrq prghov1
Vxfk prghov kdyh ehhq h{whqvlyho| xvhg lq wkh pdfurhfrqrplf olwhudwxuh
dqg duh uhjdughg dv d xvhixo h{huflvh lq whvwlqj dqg xqghuvwdqglqj wkh frq0
wulexwlrqv ri gl�huhqw wkhruhwlfdo prghov1

Wkh hfrqrp| lv d sxuh h{fkdqjh hfrqrp| zlwk shulvkdeoh hqgrzphqwv
dydlodeoh dw glvfuhwh lqwhuydov dqg shuihfwo| ixqfwlrqlqj/ frqwlqxrxvo| wudglqj
vhfxulw| pdunhwv1

Djhqwv= Djhqwv duh lqgh{hg e| l 5 L dqg uhsuhvhqw krxvhkrogv1 Wkh| doo
kdyh wkh vdph suhihuhqfhv dqg sulruv exw gl�hu lq wkh iroorzlqj pdqqhu=

� Hqgrzphqwv+z�,= wkh| kdyh d kljk ru d orz hqgrzphqw

� Orfdwlrq= wkh| olyh lq dq duhd surqh wr odujh gdpdjlqj hduwktxdnhv ru
qrw1 Wkrvh zkr olyh lq dq duhd surqh wr odujh gdpdjlqj hduwktxdnhv
olyh hlwkhu lq wkh Ed| duhd ru wkh Orv Dqjhohv edvlq1

� Exloglqj vwuxfwxuh= wkrvh dw ulvn fdq olyh lq d ulfk h{shqvlyh rqh0
idplo| krph/ dq dyhudjh rqh0idplo| krph/ d pxowl0idplo| krph/ ru dq
dsduwphqw exloglqj1

� Djh ri exloglqj vwuxfwxuh= wkrvh dw ulvn fdq olyh lq d suh04<:3 ru d
srvw04<:3 exloglqj1

D krxvhkrog lv ghvfulehg e| lwv w|sh/ zklfk lv frpelqdwlrq ri wkh deryh idf0
wruv1 Djhqwv olyh iru :3 |hduv +5;3 txduwhuv, dqg hydoxdwh wkhlu frqvxpswlrq
vwuhdpv xvlqj wkh iroorzlqj YrqQhxpdq0Prujhqvwhuq xwlolw| ixqfwlrq
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Xqfhuwdlqw|= Wkh ixqgdphqwdo vrxufh ri xqfhuwdlqw|/ wkh hduwktxdnhv/
lv prghohg e| d srlqw surfhvv/ Q 1 Wkh udqgrp yduldeoh Q+w, ghvfulehv
wkh qxpehu ri hduwktxdnhv wkdw kdyh rffxuuhg xs wr dqg lqfoxglqj wlph
w 5 W =@ ^3> W `1
+5, Q jhqhudwhv d �owudwlrq I =@ +I|,|M9

Frpprglwlhv= Hfrqrplf dfwlylw| wdnhv sodfh rq d k|eulg wlph vfdoh1 Hq0
grzphqwv dqg frqvxpswlrq duh uhdol}hg rq d glvfuhwh wlph vhw jlyhq e| W =@
i 3> 4> = = = > 5;3 j/ dv lq wkh vwdqgdug glvfuhwh wlph pdfurhfrqrplf prghov/ dqg
vhfxulw| wudglqj wdnhv sodfh frqwlqxrxvo|/ rq wkh wlph vhw W =@ ^3> 5;3`1
+6d, Frqvxpswlrq dqg hqgrzphqwv duh uhdol}hg rq wkh wlph vhw W =@
i 3> 4> = = = > 5;3 j1 Wudglqj wdnhv sodfh frqwlqxrxvo|/ rq wkh wlph vhw W =@
^3> 5;3`1
+6e, Wkhuh lv d vlqjoh shulvkdeoh frpprglw| dydlodeoh iru frqvxpswlrq
dw hyhu| gdwh0hyhqw=

O =@ O"+
>I > S>ImA ,
2H�>

zkhuh ImA lv wkh uhvwulfwlrq ri I wr wkh glvfuhwh wlph vhw W 1 Lq wklv prgho/
suhihuhqfhv dqg hqgrzphqwv rqo| fduh derxw wkh qxpehu ri hduwktxdnhv
wkdw kdyh rffxuuhg dw frqvxpswlrq gdwhv xs wr dqg lqfoxglqj wlph w/ exw/
wkh h{dfw wlplqj ri wkh odvw hduwktxdnh d�hfwv wkh suredelolw| ri ixwxuh rqhv1
Wklv phdqv wkdw frpprglw| sulfhv dqg doorfdwlrqv zloo eh lqghshqghqw ri
wkh h{dfw wlplqj ri wkh mxpsv/ exw wudghv dqg vhfxulw| sulfhv zloo ghshqg rq
wkhp1

Frqvxpswlrq dqg hqgrzphqwv duh djjuhjdwhg ryhu wlph/ pruh vshfl�0
fdoo| ryhu txduwhuv +wkuhh prqwkv,1 Wkh uroh sod|hg e| krphv lq wklv vlp0
solvwlf prgho lv kljko| vw|ol}hg= krxvlqj vhuylfhv duh uhjdughg dv d sduw ri
wkh djhqw*v hqgrzphqw ri wkh vlqjoh dydlodeoh frpprglw|> li wkhuh lv dq
hduwktxdnh/ wkh orvv ri d krph lv uhsuhvhqwhg e| d uhgxfwlrq lq wkh djhqw*v
hqgrzphqw ryhu d shulrg ri wlph lq wkh ixwxuh1

Vhfxulw| Pdunhwv= Vhfxulw| wudglqj wdnhv sodfh frqwlqxrxvo|1 Djhqwv
duh dvvxphg wr uhfhlyh lqirupdwlrq frqwlqxrxvo|/ dqg xvh wkdw lqirupdwlrq
wr dgmxvw wkhlu zhdowk kroglqjv dprqj vhfxulwlhv1
+7, Wkh vhfxulwlhv dydlodeoh iru wudglqj duh= fdwdvwurskh erqgv= rqh iru
wkh Orv Dqjhohv duhd dqg rqh iru wkh Vdq Iudqflvfr duhd/ lqvxudqfh frqwudfwv
rq wkh djhqw*v krph/ dqg d ulvnohvv erqg1
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L kdyh xvhg gdwd iurp d qxpehu ri gl�huhqw vrxufhv wr fdoleudwh gl�huhqw
dvshfwv ri wkh prgho1 Wkh pdlq vrxufhv duh wkh 4<<3 X1V1 Fhqvxv dqg wkh
XVJV hlwkhu iurp gdwd surylghg e| wkhp gluhfwo| ru yld wkhlu vlwhv rq wkh
Lqwhuqhw1

61414 Djhqwv

Djhqwv duh gh�qhg dv krxvhkrogv1 Lq wkh fhqvxv/ wkh qxpehu ri rffxslhg
krxvlqj xqlwv lv wkh vdph dv wkh qxpehu ri krxvhkrogv/ vr L ohw hdfk djhqw
uhsuhvhqw rqh krxvhkrog dqg rqh krxvlqj xqlw1 Dffruglqj wr wkh fhqvxv
wkhuh zhuh <5 ploolrq krxvhkrogv lq wkh Xqlwhg Vwdwhv lq 4<<3/ 4317 ploolrq
lq Fdoliruqld1

Wkhuh duh 4; w|shv= culfk* ru csrru* zkr hlwkhu gr qrw olyh lq Fdoliruqld
ru wkrvh wkdw gr exw duh qrw dw ulvn +UQ/ SQ,/ dqg 49 w|shv zkr olyh lq
Fdoliruqld dqg duh dw ulvn dv ghvfulehg lq Wdeoh 4

Wdeoh 4= Dfurq|pv iru gl�huhqw w|shv ri krxvhkrogv lq Fdoliruqld dw ulvn

Ulfk lq rqh0idplo| krphv
srvw04<:3 suh04<:3

Lq O1D1 UD3OD UD4OD
Lq V1I1 UD3VI UD4VI

Srru lq rqh0idplo| krphv
srvw04<:3 suh04<:3

Lq O1D1 SD3OD SD4OD
Lq V1I1 SD3VI SD4VI

Srru lq pxowl0idplo| krphv
srvw04<:3 suh04<:3

Lq O1D1 SE3OD SE4OD
Lq V1I1 SE3VI SE4VI

Srru lq dsduwphqw exloglqj
srvw04<:3 suh04<:3

Lq O1D1 SF3OD SF4OD
Lq V1I1 SF3VI SF4VI

L kdyh fodvvl�hg krxvhkrogv lqwr cdw ulvn* dqg cqrw dw ulvn* ri hduwktxdnhv
e| jhrjudsklfdoo| vxshulpsrvlqj XVJV julg gdwd rq h{shfwhg pd{lpxp
shdn dffhohudwlrq +zlwk 43 shu fhqw suredelolw| ri h{fhgdqfh lq 83 |hduv,
rq Fdoliruqld frxqw| vxeglylvlrqv/ wr rewdlq wkh dyhudjh pd{lpxp shdn
dffhohudwlrq shu frxqw| vxeglylvlrq1 Wkh julg gdwd duh gdwd srlqwv rq d
vtxduh julg/ dqg Fdoliruqld frxqw| vxeglylvlrqv duh hqwlwlhv fuhdwhg e| wkh
X1V1 Fhqvxv wr uhsruw djjuhjdwh vxefrxqw| vwdwlvwlfv1 Lq Fdoliruqld/ wkh
frxqw| vxeglylvlrqv duh fdoohg Fhqvxv Frxqw| Vxeglylvlrqv +FFVv, zklfk
duh wkh htxlydohqw ri Plqru Flylo Glylvlrqv +PFGv, lq rwkhu vwdwhv1 Wkhuh
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duh 6;9 FFVv dqg 8; frxqwlhv lq FdoliruqldD1

Risk by Intensity of Shaking

Low Risk

Medium Risk
High Risk

N

EW

S

Iljxuh 5= Fdoliruqld Vxeglylvlrqv Dffruglqj wr Ulvn ri Pdmru Hduwktxdnh1

Hdfk frxqw| vxeglylvlrq kdv wkhq ehhq fodvvl�hg dv kljk ulvn/ phglxp
ulvn dqg orz ulvn +dffruglqj wr zkhwkhu wkh dyhudjh pd{lpxp shdn dffhohu0
dwlrq zdv juhdwhu wkdq 3198j/ ehwzhhq 3168j dqg 3198j/ ru ohvv wkdq 3168j,1
Wklv fodvvl�fdwlrq lv glvsod|hg lq Iljxuh 51 Wkh fxwr� iru orz ulvn duhdv
lv 3168j ehfdxvh wkh nlqg ri �up jurxqg vkdnlqj jhqhudwhg e| prghudwh
hduwktxdnhv d ihz whqv ri nlorphwhuv dzd| lv ehwzhhq 3138 dqg 3168j dqg lv
xqolnho| wr jhqhudwh dq| vxevwdqwldo gdpdjh1 Wkh fkrlfh ri 3198 wr vhsdudwh

D6Lh 4Lhi _i|@�*t L? ��5t tii |�i �bbf �i?t�t Lu �LT�*@|�L? @?_ OL�t�?}G B��_i� W
��** }i?ih@**) hiuih |L ��5t @t UL�?|) t�M_���t�L?t�
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phglxp iurp kljk ulvn duhdv lv fkrvhq ehfdxvh lw wxuqv rxw wr glvwlqjxlvk
wkrvh wkdw duh forvhu wr d pdmru idxow v|vwhp iurp wkh rwkhuv1 Wkh sduwlfxodu
fkrlfh/ 3198/ pdlqo| d�hfwv Yhqwxud +319<, dqg Xsshu Vdq Jdeulho +3199,1 Lq
wkh Ed| duhd/ Rdnodqg/ Iuhhprqw dqg Kd|zdug kdyh 31:6/ 31:6 dqg 31:8 j*v
uhvshfwlyho|1 Wkh Vdq Iudqflvfr glylvlrq kdv 3187j/ wkh Orv Dqjhohv glylvlrq
3189j/ dqg wkh Sdvdghqd glylvlrq 31:4 j1 Lq whupv ri suredelolw| ri ehlqj
forvh wr dq hslfhqwhu/ dq|wklqj ehwzhhq 319 dqg 31:j vhhpv wr ohdg wr wkh
uljkw fodvvl�fdwlrq1

N

EW

S

Population Density

Low Density

High Density

Iljxuh 6= Kljko| Ghqvho| Srsxodwhg Fdoliruqld Vxeglylvlrqv1
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Ixuwkhupruh/ dv L dp lqwhuhvwhg lq prgholqj wkh hfrqrplf ulvnv dvvrfl0
dwhg zlwk kljko| gdpdjlqj hduwktxdnhv/ L kdyh fkrvhq wr uhvwulfw wkh frxqwlhv
dw ulvn wr wkrvh wkdw duh ghqvho| srsxodwhg1 Hduwktxdnhv lq d oljkwo| srs0
xodwhg duhd/ vxfk dv wkh 4<<5 Odqghuv P:18 dqg Elj EhduS/ duh ljqruhg lq
wklv prgho1 L kdyh fkrvhq wr fodvvli| glylvlrqv lqwr ghqvho| dqg vsduvho| srs0
xodwhg e| orrnlqj dw wkh qxpehu ri krxvhkrogv shu vtxduh ploh1 Glylvlrqv
zlwk 833 ru pruh krxvhkrogv shu vtxduh ploh duh fodvvl�hg dv ehlqj ghqvho|
srsxodwhg dqg fdq eh vhhq lq Iljxuh 61 Ghqvho| srsxodwhg glylvlrqv lqfoxgh
doo wkh reylrxv rqhv/ Vdq Iudqflvfr +9/87;,/ Rdnodqg +5/87:,/ Orv Dqjhohv
+5/93;,/ Sdvdghqd +4/:9;,/ hwf1 Lw h{foxghv vrph frxqwlhv wkdw duh cdw ulvn*
exw duh qrw srsxodwhg ghqvho| hqrxjk vxfk dv Vdqwd Eduedud glylvlrq +498,/
Sdorv Yhughv glylvlrq +543,/ Vhd0vlgh Prqwhuh| +7::,/ Wkrxvdqg0Rdnv +7:9,
dqg Yhqwxud +633,1 Sxwwlqj wkhvh wrjhwkhu/ L kdyh fodvvl�hg krxvhkrogv dv
cdw ulvn* li wkh| duh orfdwhg lq d vxeglylvlrq zklfk lv ghqvho| srsxodwhg dqg
dw phglxp ru kljk ulvn ri vljql�fdqw vkdnlqj/ vxfk glylvlrqv L fdoo Fdoliruqld
dw Ulvn Glylvlrqv +FDUGv, dqg wkh| doo kdsshq wr eh hlwkhu lq wkh Ed| duhd
ru lq wkh Orv Dqjhohv edvlq +khqfh wkh jhrjudsklfdo fodvvl�fdwlrq ri krphv,1
Lq wrwdo/ wkhuh duh 8/;:9/:3: +8:( ri Fdoliruqld, krxvhkrogv lq Fdoliruqld dw
ulvn glylvlrqv +FDUGv,/ dqg 4/733/:39 ri wkhp lq kljk ulvn glylvlrqv +46(
ri Fdoliruqld/ 57( ri dw ulvn,1 Wkh suhflvh pds ri wkhvh FDUGv duh ghslfwhg
lq Iljxuhv 7 +iru wkrvh lq wkh Orv Dqjhohv duhd, dqg 8 +iru wkrvh lq wkh Vdq
Iudqflvfr Ed| Duhd,1

Wkh fodvvl�fdwlrq lqwr ulfk dqg srru krxvhkrogv lv vrphzkdw duwl�fldo
gxh wr wkh vshfldo qdwxuh ri Fdoliruqld krxvhkrogv1 Odqg sulfhv duh sdu0
wlfxoduo| kljk lq Fdoliruqld dqg krph rzqhuvkls lv zhoo ehorz wkh qdwlrqdo
dyhudjh +84( yv1 97(,1 Khqfh L zloo dvvxph wkdw krphv duh rzqhg sulpdu0
lo| e| wkh ulfk1 Iroorzlqj wklv orjlf L kdyh wdnhq doo krxvhkrogv zkr rzq d
krph ydoxhg dw '483/333 ru pruh lq Fdoliruqld wr eh wkh ulfk krxvhkrogv1
Wkhvh uhsuhvhqw 63( ri doo Fdoliruqld krxvhkrogv dqg 87( ri rzqhu0rffxslhg
krxvlqj lq Fdoliruqld1 Wdnlqj wklv sursruwlrq dv d frqvwdqw dqg xvlqj fhq0
vxv gdwd rq krxvhkrog lqfrph lq 4<;</ wkh 63 ( fxwr� lpsolhv krxvhkrog
lqfrph deryh ' 83/333088/333 iru wkh glylvlrqv dw ulvn dqg ' 73/333075/833
iru wkh uhvw ri wkh XV +lqfoxglqj wkh qrw dw ulvn Fdoliruqld glylvlrqv,1 Wkh
dyhudjh krxvhkrog lqfrph lv '75/533 dqg '65/833 iru Fdoliruqld dw ulvn gl0
ylvlrqv +FDUGv, dqg iru wkh uhvw ri wkh XV/ uhvshfwlyho|.1 Li zh �{ wkh
lqfrphv ri wkh ulfk krxvhkrogv dw ':3/333 dqg '83/333 wklv lpsolhv lqfrphv

SA�i ��} �i@h i@h|�^�@!i �@t Mii? U*@tt��i_ @t @ uLhit�LU! Lu |�i w@?_iht i@h|�^�@!i�
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EW

S

Los Angeles Basin

Low Risk

Medium Risk High Risk

Iljxuh 7= FDUGv lq wkh Orv Dqjhohv Duhd1

iru wkh srruhu krxvhkrogv ri dssur{lpdwho| '63/333 dqg '58/333 iru FDUGv
dqg qrq0FDUGv uhvshfwlyho|1 L xvh wkhvh dv wkh fdoleudwhg hqgrzphqwv
+dssursuldwho| dgmxvwhg wr wkh txduwhuo| vwuxfwxuh ri wkh vlpxodwlrq,1

Suhihuhqfh sdudphwhuv duh fdoleudwhg xvlqj jhqhudoo| dffhswdeoh ydoxhv=
31<< dv wkh ydoxh ri wkh glvfrxqw sdudphwhu/ �/ dqg 425 dv wkh ydoxh ri wkh
ulvn dyhuvlrq sdudphwhu/ �H1

H�LL*i) @?_ �hitUL||c �? ,UL?L4�U BhL�|� @?_ ��t�?itt �)U*it E�? �LL*i) d�bbDo� �ti
@ ^�@h|ih*) �@*�i Lu f�bH. uLh |�i _�tUL�?| T@h@4i|ihc @?_ @ �@*�i Lu 4 ' �c *L}@h�|�4�U
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San Francisco Bay Area

Low Risk

Medium Risk

High Risk

Iljxuh 8= FDUGv lq wkh Vdq Iudqflvfr Ed| Duhd1

61415 Txdnhv

Dv L kdyh h{sodlqhg deryh/ hduwktxdnhv duh kljko| frpsoh{ jhrorjlfdo skh0
qrphqd1 Ghvslwh kdylqj d odujh txdqwlw| ri uhvhdufk h�ruw ghglfdwhg wr
vwxg|lqj dqg xqghuvwdqglqj hduwktxdnhv/ olwwoh surjuhvv kdv ehhq pdgh
lq ghwhuplqlqj zkdw duh wkh uhohydqw revhuydeoh idfwruv wkdw suhfhgh dqg
khos suhglfw hduwktxdnhv1 Wkh udqgrpqhvv lq wkh uhodwlrqvkls ehwzhhq idf0
wruv wkdw wkhruhwlfdoo| fdxvh hduwktxdnhv dqg wkh rffxuuhqfh ri hduwktxdnhv
+jlyhq wkh suhvhqw vwdwh ri nqrzohgjh, pdnhv wkhp qdwxudo fdqglgdwhv iru
vwdwlvwlfdo dqdo|vlv1 Xqiruwxqdwho|/ suhflvh/ uholdeoh dqg h{whqvlyh phdvxuh0
phqw ri hduwktxdnhv rq wkh vxuidfh ri wkh Hduwk kdv rqo| ehhq dydlodeoh iru
d ihz ghfdghv1 Vlqfh 4<79/ wkh XVJV kdv uhfrugv iru 7;4 hduwktxdnhv ri
pdjqlwxgh 9 ru juhdwhu +lq wkh Fdoliruqld idxow v|vwhp,1 Ri wkhvh/ 54 kdyh
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ehhq ri pdjqlwxgh 918. dqg 5 ru P:18./ yhu| ihz iru vwdwlvwlfdo dqdo|vlvb1
Wkh dssurdfk L kdyh iroorzhg kdv ehhq wr wu| wr �qg vwdwlvwlfdo uhjxodulw|

lq wkh lqwhuduulydo wlphv iru wkh 7;4 P9. hduwktxdnhv1 Wkh gdwd lv ghvfulehg/
qrq0sdudphwulfdoo|/ lq Wdeoh 51

Wdeoh 5= Orj+Lqwhuduulydo Wlphv,/ 7;4 Revhuydwlrqv

Vxuylydo Wlph Vxuylydo Wlph Hqwhu H{lwhg Vxuylydo Udwh Kd}dug Udwh
+orjv, +Gd|v,

3130319 405 7;4 73 413333 314776
3190415 507 774 96 31<49; 31588<
415041; 70: 6:; 9< 31:;8< 316675
41;0517 :045 63< ;3 319757 317<7:
5170613 45054 55< ;< 317:94 31;358
6130619 5406: 473 9< 315<44 413;;3
6190715 6:09: :4 4: 3147:9 317858
715071; 9:0455 87 7 314456 3145;3
71;0817 4550555 83 44 314373 317445
8170913 5550738 6< 6< 313;44 6165:4

5L�hUiG ��|�Lh<t |@M�*@|�L? Lu N5B5 _@|@ �t�?} wW�#,��

L kdyh dovr �wwhg d sdudphwulf prgho= d frqyh{ frpelqdwlrq ri wzr
Zhlexoo glvwulexwlrqv rq wkh lqwhuduulydo wlphv1 Wkh fruuhvsrqglqj FGI lv=

I +w, @ 4� � h{s3Eb�|�
��
�+4� �, h{s3Eb2|�

�2

Wkh vwdwlvwlfdo prgho kdv qr mxvwl�fdwlrq lq jhrsk|vlfdo whupv exw lw �wv
wkh gdwd txlwh zhoo1 Wkh hvwlpdwhg sdudphwhuv dqg wkh vwdqgdug huuruv duh
jlyhq lq Wdeoh 6

Zkdw wkh gdwd dqg wkh sdudphwulf prgho ghvfuleh lv kljk dqg lqfuhdvlqj
lqlwldo kd}dug wkh �uvw prqwk diwhu d P913. hduwktxdnh/ iroorzhg e| d orqj
shulrg ri uhodwlyh lqdfwlylw| +vl{ wr vhyhq prqwkv, zklfk frphv wr dq hqg
uhodwlyho| txlfno| diwhu wkh vhyhqwk prqwk1

L kdyh wdnhq wklv vwdwlvwlfdo ghvfulswlrq dqg �w lw wr wkh ohvv iuhtxhqw
P:18. fodvv ri hduwktxdnhv1 L kdyh grqh wklv e| nhhslqj wkh vkdsh sdudp0
hwhuv/ wkh �*v/ dqg wkh uhodwlyh zhljkw ri wkh wzr Zhlexoov/ wkh �/ frqvwdqw

bA�i �?|ihit|i_ hi@_ih ��** �?_ @ *�t| Lu |�i 4@�Lh �@*�uLh?�@ i@h|�^�@!it t�?Ui �bff
�? �TTi?_� .���
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Wdeoh 6= Sdudphwhu Hvwlpdwhv

� �� �� �2 �2
31;;68:9 4144:3; 313:;:7 7147486 31336<6

+Q2D, +3137<58, +3133694, +315:785, +3133347,

5L�hUiG ��|�Lh<t it|�4@|�L? �t�?} wW�#,��

dqg dgmxvwlqj wkh vfdoh sdudphwhuv/ wkh �*v/ wr pdwfk wkh phdq duulydo wlphv
ri wkh odujhu hduwktxdnh dv iroorzv=

I +w> f, @ 4� � h{s3SEb�|��� �+4� �, h{s3SEb2|��2

Wkh hvwlpdwhg ydoxh ri f lv 31333447 iru d phdq duulydo udwh ri rqh hduwktxdnh
hyhu| 433 |hduv1

Wkhvh ydoxhv pdwfk wkh revhuyhg phdq duulydo wlph ri wkhvh hduwktxdnhv1
L kdyh xvhg wkh fruuhvsrqglqj FGI wr vlpxodwh wkh lqwhuduulydo shulrg dorqj
d qxpehu ri sdwkv ryhu d 5;3 txduwhu +:3 |hdu, krul}rq1 Wkh kd}dug jhq0
hudwhg e| wklv vfdolqj/ ghslfwhg lq Iljxuh 9/ lqfuhdvhv udslgo| dw �uvw/ xqwlo
lw shdnv +dw durxqg 5/433 gd|v/ ru derxw �yh dqg d kdoi |hduv,1 Diwhu wkdw/
wkh kd}dug txlfno| gursv dqg rqo| lqfuhdvhv yhu| voljkwo| diwhu :3 |hduv1

Wkh sdwkv jhqhudwhg lq wklv zd| vlpxodwh wkh rffxuuhqfh ri hduwktxdnhv
dorqj wkh Fdoliruqld idxow v|vwhp1 Wkh jhr0hfrqrplf surshuwlhv dorqj wkh
idxow v|vwhp duh yhu| ydulhg dv rqh jrhv irup rqh vxeglylvlrq wr wkh qh{w/
dqg wkh hfrqrplf h�hfw ri wkhvh txdnhv ydulhv dffruglqjo|1 Dv L kdyh fkrvhq
wr frqfhqwudwh p| dwwhqwlrq rq txdnhv lq ghqvho| srsxodwhg duhdv/ L qhhg wr
holplqdwh pdq| ri wkh txdnhv +wkrvh wkdw rffxu lq wklqo| srsxodwhg duhdv,1
Fruuhvsrqglqjo|/ L kdyh �owhuhg wkh sdwkv wr dffrxqw iru wklv e| cwklqqlqj*
wkhp xvlqj d elqrpldo udqgrp yduldeoh/ l1h1/ hyhu| wlph wkh vlpxodwlrq jhq0
hudwhv d txdnh/ lw dovr jhqhudwhv d i 3> 4 j0ydoxhg udqgrp yduldeoh1 Li wkh
udqgrp yduldeoh lv d 4/ wkh txdnh lv uhfrughg dqg li lw lv d 3 wkh txdnh lv
ljqruhg +ghohwhg,1 L kdyh xvhg wkh sursruwlrq ri odqg lq wkh FDUGv uhod0
wlyh wr wkh wrwdo vxuidfh duhd ri wkh glylvlrqv zlwk d phglxp wr kljk ulvn
ri hduwktxdnhv dv d �owhulqj sdudphwhu1 Xqiruwxqdwho|/ dv wkh FDUGv rqo|
uhsuhvhqw ; shu fhqw ri wkh duhd dw ulvn/ wklv surfhgxuh jhqhudwhv sdwkv zlwk
dq dyhudjh ri rqh 918. gdpdjlqj hduwktxdnh shu :3 |hduv�f/ zklfk lv vwuln0
lqjo| gl�huhqw iurp wkh gdwd= wkhuh kdyh ehhq irxu 918. txdnhv lq uhodwlyho|

�fW �@�i �ti_ S�Dn i@h|�^�@!it |L U@*�Mh@|i |�i �*|ih�?} T@h@4i|ih MiU@�ti |�i �.�Dn
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Iljxuh 9= Hvwlpdwhg Kd}dug Ixqfwlrq iru P:18. hduwktxdnhv +wlph vfdoh lv
lq gd|v,1

ghqvho| srsxodwhg duhdv ryhu wkh sdvw :3 |hduv/ qdpho| wkh *<7 Qruwkulgjh/
wkh *;< Orpd Sulhwd/ wkh *:4 Vdq Ihuqdqgr dqg wkh *66 Orqj Ehdfk hduwk0
txdnhv1 Wklv lpsolhv hlwkhu wkdw wkh odvw :3 |hduv kdyh vhhq dq xqxvxdoo|
kljk qxpehu ri 918. hduwktxdnhv/ ru wkdw wkh FDUGv duh pruh hduwktxdnh
surqh wkdq wkh rwkhu glylvlrqv1 Jhrsk|vlflvwv zrxog suredeo| srlqw rxw wkdw
wkh duhd rffxslhg e| wkh FDUGv/ hvshfldoo| wkrvh lq wkh Ed| duhd/ lv pruh
surqh wr hduwktxdnhv wkdq vlplodu duhdv durxqg rwkhu vhfwlrqv ri wkh idxow1
Lq rughu wr wdnh wklv lqwr dffrxqw L kdyh txdguxsohg wkh suredelolw| ri d
txdnh lq d FDUG iurp ; shu fhqw wr 65/ ohdylqj ph zlwk dq dyhudjh ri mxvw
ryhu 618 hduwktxdnhv ri pdjqlwxgh P918./ dqg 31: iru wkh :18. txdnhv iru
wkh :3 |hdu shulrg +ru 4 hyhu| 433 |hduv, 0 txlwh uhdvrqdeoh hvwlpdwhv1 Wkhvh
sdwkv duh wkh xqfhuwdlqw| sulplwlyhv rq zklfk wkh uhvw ri wkh prgho lv exlow1

61416 Hduwktxdnh gdpdjh

Wkh fdoleudwlrq ri hduwktxdnh gdpdjh lv sduwlfxoduo| wulfn| gxh wr wkh ulfk
ydulhw| ri srvvlelolwlhv dqg idfwruv wkdw qhhg wr eh wdnhq lqwr dffrxqw1 Wkh
wzr pdlq vrxufhv ri lqirupdwlrq lq wklv vhfwlrq kdyh ehhq wkh HHUL ^4<<7`

4<



vwxg|= H{shfwhg Vhlvplf Shuirupdqfh ri Exloglqjv/ dqg wkh h{fhuswv iurp
wkh DEDJ ^4<<:` sxeolfdwlrq Hduwktxdnh dqg Krxvlqj Lpsdfwv dw wkh vlwh

kwws=22zzz1dedj1fd1jry2ed|duhd2htpdsv2vkhosrs2dzdnhwrf1kwpo1

HHUL ^4<<7` lv sulpdulo| ghvljqhg wr ghvfuleh wkh gdpdjh h{shfwhg wr
rffxu wr exloglqjv xqghu wkh 4<<4 Xqlirup Exloglqj Frgh +XEF, zkhq
vkdnhq e| ydulrxv hduwktxdnhv1 Wdeohv 7 dqg 8 +wdnhq iurp wkh uhsruw,
ghvfuleh wkh shufhqwdjh ri exloglqjv h{shfwhg lq gl�huhqw gdpdjh vwdwhv
iru ydulrxv ohyhov ri vkdnlqj1 Wkh| dovr surylgh d yhu| xvhixo uhodwlrqvkls
ehwzhhq hduwktxdnh pdjqlwxgh/ glvwdqfh wr wkh hslfhqwhu/ dqg uhdol}hg PPL
lqwhqvlw| +d jrrg phdvxuh ri wkh h{whqw ri gdpdjh,1 Gdpdjh vwdwhv ghvfuleh
wkh vwdwh ri wkh exloglqj diwhu wkh wuhpru1

Wdeoh 7= Shufhqwdjh ri Exloglqjv H{shfwhg lq Hdfk Gdpdjh Vwdwh iru Ydulrxv
Vkdnlqj Lqwhqvlwlhv= Exloglqjv Ghvljqhg Xqghu wkh 4<<4 Xql�hg Exloglqj
Frgh

Vl}h ri Hduwktxdnh Vwdqgdugl}hg Gdpdjh Vwdwhv
+Pdjqlwxgh,

9130918 :180;13 H{shfwhg D E F G H
Glvwdqfh wr Idxow PPL Qrqh Voljkw Prghudwh H{whqvlyh Frpsohwh

63 pl 83 pl YLL 930<3 43073 408 ? 4 3

8 pl 73 pl YLLL 68093 68078 43063 ? 8 ? 4

4 pl 63 pl L[ 58073 58073 53073 6043 ? 5

~ 6 pl [ 8058 8058 730:3 43063 ? 8

5L�hUiG , TiU|i_ 5i�t4�U �ihuLh4@?Ui Lu ���*_�?}tc ,,+W�

Wklv lv yhu| xvhixo lqirupdwlrq exw lw uhodwhv sulpdulo| wr vwuxfwxuhv
vxemhfw wr wkh XEF zklfk lv qrw wkh dyhudjh rqh idplo| krph> lw lv sulpdulo|
xvhixo wr hvwlpdwh gdpdjh wr dsduwphqw exloglqjv1

Lq rughu wr xqghuvwdqg wkh gdpdjh fdxvhg e| dq hduwktxdnh wr wkh jhq0
hudo krxvlqj vwrfn/ dqg wr uhvlghqwldo krphv lq sduwlfxodu/ L kdyh uhihuuhg
wr wkh DEDJ ^4<<:` uhsruw1 Wkh DEDJ uhsruw lv frqfhlyhg wr hvwlpdwh
xqlqkdelwdeoh gzhoolqjv iru ixwxuh hduwktxdnhv d�hfwlqj wkh Vdq Iudqflvfr
Ed| Duhd1 Xqlqkdelwdeoh lv gh�qhg wr phdq xqdeoh wr eh rffxslhg gxh wr
vwuxfwxudo sureohpv/ zklfk lv d forvh dssur{lpdwlrq wr gdpdjh vwdwhv G dqg
H +dqg pd|eh F, lq wkh HHUL uhsruw1 Wkh DEDJ uhsruw xvhv frpsxwhu
vlpxodwlrqv wr vwxg| gl�huhqw hduwktxdnh vfhqdulrv durxqg wkh ed| duhd dqg
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Wdeoh 8= Shufhqwdjh ri Exloglqjv H{shfwhg lq Hdfk Gdpdjh Vwdwh iru Ydulrxv
Vkdnlqj Lqwhqvlwlhv= Exloglqjv Xquhlqirufhg Pdvrqu| Uhkdelolwdwhg Xqghu
wkh Xql�hg Exloglqj Frgh

Vl}h ri Hduwktxdnh Vwdqgdugl}hg Gdpdjh Vwdwhv
+Pdjqlwxgh,

9130918 :180;13 H{shfwhg D E F G H
Glvwdqfh wr Idxow PPL Qrqh Voljkw Prghudwh H{whqvlyh Frpsohwh

63 pl 83 pl YLL 73093 53073 43053 5� 43 ? 4

8 pl 73 pl YLLL 48058 48058 53063 58� 68 5� 43

4 pl 63 pl L[ 5043 8048 58068 73093 8� 48

~ 6 pl [ ? 4 5043 43053 830:3 48� 58

5L�hUiG , TiU|i_ 5i�t4�U �ihuLh4@?Ui Lu ���*_�?}tc ,,+W�

kdv yhu| jrrg ghvfulswlrqv ri wkh krxvlqj vwrfn dqg hvwlpdwhg gdpdjh ri
gl�huhqw w|shv gxh wr gl�huhqw hduwktxdnh +PPL, lqwhqvlwlhv1 Lq sduwlfxodu/
wkh| uhsruw wkdw wkh krxvlqj vwrfn lq wkh ed| duhd frqvlvwv ri <6( ri zrrg0
iudphg vwuxfwxuhv1 Vwuxfwxuhv duh dovr fodvvl�hg e| wkh qxpehu ri vwrulhv1 Lq
wkh uhsruw rqh fdq �qg judskv frqyh|lqj +dssur{lpdwho|, wkh lqirupdwlrq
lq Wdeoh 9

Wdeoh 9= Shu Fhqw Xqlqkdelwdeoh zrrghq rqh wr wkuhh vwrulhg gzhoolqjv e|
lqwhqvlw|/ w|sh ri vwuxfwxuh dqg djh

Lqwhqvlw| YLL YLLL L[ [

Pxowl0idplo| +suh04<73, 4 47 93 ;4

Pxowl0idplo| +srvw04<73, 4 49 57 76

Vlqjoh0idplo| +suh04<73, 3 6 : 43

Vlqjoh0idplo| +srvw04<73, 3 3 4 6

5L�hUiG ��|�Lh<t |@M�*@|�L? Lu }h@T�t �? ���B hiTLh|�

Wrjhwkhu/ wkhvh wzr uhsruwv surylgh hqrxjk lqirupdwlrq wr frqvwuxfw d
uhdvrqdeoh fdoleudwlrq ri wkh hvwlpdwhg gdpdjh fdxvhg e| hduwktxdnhv ri
gl�huhqw pdjqlwxghv1 Wkh zd| wklv lv uh�hfwhg lq wkh vlpxodwlrq lv e| door0
fdwlqj krxvhkrogv wr gl�huhqw exloglqj vwuxfwxuhv xvlqj fhqvxv gdwd1 Xqiru0
wxqdwho|/ wkh fhqvxv gdwd grhv qrw frqwdlq vx�flhqwo| ghwdlohg ghvfulswlrqv
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rq wkh vwuxfwxudo surshuwlhv ri wkh krxvlqj xqlwv zkhuh wkh lqwhuylhzhh olyhv/
exw lw grhv frqwdlq lqirupdwlrq rq wkh wrwdo qxpehu ri krxvlqj xqlwv lq
wkh exloglqj vwuxfwxuh zkhuh v2kh olyhv/ dqg rq wkh djh ri wkdw vwuxfwxuh1
Fruuhvsrqglqjo|/ krxvhkrogv lq FDUGv duh doorfdwhg wr gl�huhqw exloglqj
vwuxfwxuhv dqg ulvn jurxsv dv iroorzv=

� Ulfk krxvhkrogv $ Vlqjoh0idplo| srvw 4<:3 zrrg0iudph +ulvn jurxs
D3,

� Srru krxvhkrogv lq rzqhu rffxslhg krxvlqj $ Vlqjoh0idplo| srvw ru
suh 4<:3 zrrg0iudph +D4 ru D3,��

� Srru krxvhkrogv lq uhqwhg rqh0xqlw vwuxfwxuh $ Vlqjoh0idplo| srvw ru
suh 4<:3 zrrg0iudph +D4 ru D3,

� Srru krxvhkrogv lq uhqwhg wzr0irxu xqlw vwuxfwxuh$Pxowl0idplo| srvw
ru suh 4<:3 zrrg0iudph +E4 ru E3,

� Srru krxvhkrogv lq uhqwhg �yh soxv xqlw vwuxfwxuh $ 53073 xqlw dsduw0
phqw exloglqj +srvw ru suh 4<:3, +F4 ru F3,

Wkh qxpehu ri zrrg iudph vwuxfwxuhv gdpdjhg lv fdoleudwhg iurp wkh
DEDJ gdwd/ dqg wkh qxpehu ri dsduwphqw exloglqjv zlwk wkh HHUL gdwd1
Qrwh wkdw L kdyh wdnhq d udwkhu xqruwkrgr{ fxwr� gdwh iru rog yhuvxv qhz
exloglqjv1 Wklv lv ehfdxvh L kdyh irxqg wkdw d vxevwdqwldo dprxqw ri dzduh0
qhvv zdv fuhdwhg diwhu wkh 4<:4 Vdq Ihuqdqgr hduwktxdnh dqg vrph vxevwdq0
wldo ohjlvodwlrq zdv sdvvhg forvho| wkhuhdiwhu frqfhuqlqj hduwktxdnh gdpdjh
wr exloglqjv> lq sduwlfxodu/ wkh Vhlvplf Vdihw| Frpplvvlrq zdv fuhdwhg lq
4<:7/ dqg wkh 4<:5 Idxow ]rqlqj Dfw/ dqg wkh 4<:5 Krvslwdo Vdihw| Dfw
zhuh sdvvhg1 Khqfh L ihho wkdw gdwh wr eh d pruh vljql�fdqw fodvvl�fdwlrq
gdwh1 Wkh suh 4<:3 krxvlqj vwrfn lv doorfdwhg sursruwlrqdwho| dprqj srru
krxvhkrogv lq uhqwhg krphv1

Zlwk wklv gdwd L fdoleudwh wkh gdpdjh fdxvhg e| dq hduwktxdnh1 Dv zh
vdz deryh/ wkh FDUGv kdyh d frpelqhg duhd wkdw uhsuhvhqwv ;( ri wkh wrwdo
duhd ri doo wkh vxeglylvlrqv wkdw duh dw ulvn +erwk phglxp dqg kljk ulvn,/
dqg wkh suredelolw| wkdw d pdjqlwxgh :18. hduwktxdnh gdpdjhv d ghqvho|
srsxodwhg duhd vhhpv/ iurp sdvw h{shulhqfh/ qrw wr eh sursruwlrqdo wr wkh
odqg vxuidfh1 Vr/ L ghflghg wr pdnh wkh suredelolw| 65 (1 Qhyhuwkhohvv/

��A�ihi @hi i?L�}� �h�U�< �L�ti�L*_t |L LUU�T) @** |�i TLt|��b.f L�?ih LUU�T�i_ �L4it
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L zloo nhhs wkh suredelolw| wkdw lw klwv Orv Dqjhohv udwkhu wkdq Vdq Iudq0
flvfr sursruwlrqdo wr wkhlu uhodwlyh duhdv/ vr wkdw dq hduwktxdnh wkdw klwv d
ghqvho| srsxodwhg duhd lv rqh dqg d kdoi wlphv pruh olnho| wr klw O1D1 wkdq
Vdq Iudqflvfr +wkh suredelolwlhv duh 19 dqg 17,1 Rqfh wkh hduwktxdnh klwv d
ghqvho| srsxodwhg duhd/ wkh gdpdjh lw fuhdwhv lv jhrjudsklfdoo| glvwulexwhg
lqwr wkuhh }rqhv= wkh duhd dw wkh hslfhqwhu +PPL [, lv gh�qhg dv d flufoh
zlwk d 6 plohv udglxv> wkrvh qhdu wkh hslfhqwhu +PPL L[,/ hyhu|erg| zkr
olyhv lq wkh vdph duhd +Vdq Iudqflvfr ru Orv Dqjhohv,�2> dqg hyhu|erg| hovh
+PPL L0 qr gdpdjh,1 Wkh dyhudjh srsxodwlrq ghqvlw| +5/7<7 iru O1D1/ 4/:9<
iru wkh Ed|, lv xvhg wr ghwhuplqh wkh qxpehu ri krphv dw wkh hslfhqwhu1
Wkh gl�huhqw ulvn jurxsv +D30F4, duh gdpdjhg lq sursruwlrq wr wkhlu qxp0
ehu/ dqg hdfk krph idfhv rqh ri wzr srvvleoh frqvhtxhqfhv= qr gdpdjh ru
frpsohwh gdpdjh1 Wkhvh kdyh suredelolwlhv jlyhq lq Wdeoh :1

Wdeoh := Suredelolw| ri gdpdjh shu fodvv +lq (,

D3 D4 E3 E4 F3 F4

[ 6 43 76 ;4 58 ;3

L[ 4 : 47 93 43 93

YLLL 3 6 49 47 8 68

YLL 3 3 4 4 4 43

Wdeoh ;= Srsxodwlrq shu fodvv +333v,

UD3 UD4 SD3 SD4 SE3 SE4 SF3 SF4 Wrwdo

Dw ulvn +O1D1, 945 97< 53: 4/38; 455 4<8 765 9<5 6/<9:

Sursruwlrq 3148 3149 3138 315: 3136 3138 3144 314; 4

Dw ulvn +V1I1, 67: 6<< ;: 76< 9< 443 4:9 5;5 4/<43

Sursruwlrq 314; 3154 3138 3156 3137 3139 313< 3148 4

Wrwdo <8< 4/37; 5<7 4/7<: 4<4 638 93< <:7 8/;::

Frpelqlqj Wdeohv : dqg ; L rewdlq dq hvwlpdwh ri wkh qxpehu ri krphv
wkdw zloo eh gdpdjhg lq hdfk fodvv +Wdeoh <,1

�2A��t ULhhitTL?_t |L |�Lti ��|��? @ �f 4�*i h@_��tc @t _itUh�Mi_ �? A@M*it e @?_ D�
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Wdeoh <= Qxpehu ri krphv gdpdjhg e| _Wkh Elj Rqh%

UD3 UD4 SD3 SD4 SE3 SE4 SF3 SF4 Wrwdo

V1I1 6/986 5;/5:8 <4< 64/379 43/47; 99/956 4;/66< 4:3/;<; 65</<34

O1D1 9/66; 78/:8; 5/478 :7/948 4:/9;4 44:/9:9 77/6;5 74:/845 :59/43:

Wkh �qdo vwhs lq wkh hvwlpdwlrq ri gdpdjh lv wr hvwlpdwh wkh hfrqrplf
h�hfw ri wkh ghvwuxfwlrq ri wkh krph1 Wklv lv grqh e| lpsxwlqj vxuidfh
duhdv wr krphv lq gl�huhqw vwuxfwxuhv +D/E dqg F,1 Xvlqj gdwd iurp wkh
Frqvwuxfwru*v Sulflqj Jxlgh 4<<: dqg wkh EQl Exloglqj Qhzv> Vtxduh Irrw

4<<9 Frvwerrn��/ L gh�qh

� Ulfk krphv ri fodvv D= dyhudjh wzr vwru| krph ri fxvwrp txdolw| frq0
vwuxfwlrq zlwk 5/;33 vt iw dqg d uhsodfhphqw frvw ri ':5173 shu vt iw/
zklfk dprxqwv wr d '535/:53 frvw1

� Srru krphv ri fodvv D= dyhudjh rqh0dqg0d0kdoi vwrulhv krph ri dyhudjh
txdolw| frqvwuxfwlrq zlwk 4/;33 vt iw dqg d uhsodfhphqw frvw ri '961;8
shu vt iw/ zklfk dprxqwv wr d '447/<63 frvw1

� Srru krphv ri fodvv E= rqh kdoi ri dq dyhudjh wzr vwru| krph ri dyhudjh
frqvwuxfwlrq zlwk 5/333 vt iw dqg d uhsodfhphqw frvw ri '96188 shu vt
iw/ zklfk dprxqwv wr d '45:/433 ^'96/883 shu xqlw` frvw1

� Srru krphv ri fodvv F= xqlw uhqwdo lq dq dsduwphqw exloglqj ri dyhudjh
txdolw| +vwhho iudph, zlwk 4/333 vt iw dqg d uhsodfhphqw frvw ri ':614<
shu vt iw/ zklfk dprxqwv wr d ' :6/4<3 shu xqlw frvw1

Wklv lpsolhv dq hvwlpdwhg gdpdjh ri= :59/43: krphv +(4;16 ri wkh krxv0
lqj vwrfn, dw d frvw ri '94/:<3/;<;/8;6 iru Orv Dqjhohv/ dqg 65</<34 +( 4:16
ri wkh krxvlqj vwrfn, dw ' 5;/;:8/637/768 lq wkh Ed| Duhd1 Wklv hvwlpdwh
lv dq xqghuhvwlpdwh ri wkh qxpehu ri gdpdjhg krphv dv wkhuh zloo eh yhu|
pdq| sduwldoo| gdpdjhg krphv1 Rq wkh rwkhu kdqg/ wkh frvw ri d gdpdjhg
krph kdv ehhq h{djjhudwhg wr fryhu ixoo uhfrqvwuxfwlrq> rq dyhudjh lw vhhpv
olnh d jrrg dssur{lpdwlrq�e1
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Kdylqj gh�qhg wkh djhqw*v suhihuhqfhv dqg hqgrzphqwv/ dqg fdoleudwhg
wkh vwdwlvwlfdo glvwulexwlrq ri odujh gdpdjlqj hduwktxdnhv/ wrjhwkhu zlwk wkh
hfrqrplf gdpdjh wkh| zloo fdxvh/ zh fdq qrz vhh zkdw wkh htxloleulxp zloo
orrn olnh1 Ehiruh zh gr/ rqh odvw fdyhdw qhhgv wr eh dgghg= wkh gdpdjh wr
krphv lv pxfk juhdwhu wkdq wkh krxvhkrog*v shu txduwhu lqfrph +4:/833 iru
wkh ulfk dqg :/833 iru wkh srru,1 Lq d vlpsoh h{fkdqjh hfrqrp| vxfk dv
wklv wkh rqo| zd| wr uhsuhvhqw wkh fruuhvsrqglqj orvv lq zhdowk lv wr h{whqg
wkh gdpdjh wr ixwxuh shulrgv1 Fruuhvsrqglqjo|/ ulfk djhqwv +UD, zloo orvh
48/8<5 xqlwv ri frqvxpswlrq gxulqj 46 shulrgv/ srru djhqwv lq vlqjoh0idplo|
krphv +SD, zloo orvh 9/:93 xqlwv iru 4: shulrgv/ srru djhqwv lq pxowl0idplo|
krphv +SE, zloo orvh 7/;;8 ryhu 46 shulrgv/ dqg srru djhqwv lq dsduwphqw
exloglqjv +SF, 7/;;8 iru 48 shulrgv1 Wkh doorfdwlrq ri frvw wr dsduwphqw
gzhoohuv lv vrphzkdw frqwulyhg dv wkh| xvxdoo| uhqw wkh dsduwphqwv dqg
khqfh zrxog qrw ehdu wkh euxqw ri uhfrqvwuxfwlqj wkh exloglqj1 Rq wkh
rwkhu kdqg/ vrphrqh zloo ehdu wkdw frvw dqg wklv prgho lv wrr vlpsoh wr ghdo
zlwk lvvxhv ri rzqhuvkls yhuvxv uhqw +zklfk lghdoo| vkrxog eh dq hqgrjhqrxv
ghflvlrq,1 L kdyh lqfoxghg wkhvh frvwv ehfdxvh L zlvk wr fdoleudwh wkh h�hfw ri
wkh gdpdjh wr uhvlghqwldo krxvlqj vwrfn vr zkhq rqh lqwhusuhwv wkh uhvxowlqj
wudghv iru dsduwphqw gzhoohuv rqh zloo kdyh wr wdnh wkhvh lvvxhv lqwr dffrxqw1

e A�i �hhL��#iMhi� ,^��*�Mh��4

Lq wklv vhfwlrq L zloo vroyh wkh deryh prgho iru wkh Zdoudvldq htxloleulxp
sulfhv dqg frqvxpswlrqv1

Wkh prgho suhvhqwhg khuh lv d vshfldo rqh zlwklq wkh fodvv ri wkrvh ghyho0
rshg lq Shqdoyd^4<<:d/ 4<<:e`1 Rqh fdq ghvfuleh sulfhv dqg frqvxpswlrqv
xvlqj d frxqwdeoh qxpehu ri uhohydqw hyhqwv1 Wkh djjuhjdwh hqgrzphqw dw
gdwh hyhqw sdlu/ +w> d|,/ lv z+w> d|, @

S
�MU z�+w> d|,1 Wkh gdwh hyhqw +3>
,

zloo eh uhihuuhg wr rqo| e| wkh gdwh= +3,1 Wkh vxpv
S
"
|'f dqg

S
@|Ms|

zloo eh
uhsodfhg e| wkh vkruwhu qrwdwlrq=

S
| dqg

S
@|
1 Djhqw l*v qhw wudgh dw gdwh

hyhqw sdlu +w> d|, lv ghqrwhg �{�+w> d|, =@ {�+w> d|, � z�+w> d|,1 Vrphwlphv lw
zloo eh xvhixo wr uhihu wr wkh zkroh ri wkh djhqw*v frqvxpswlrq ru hqgrzphqw
yhfwruv1 Wkh yhfwru { 5 O lv uhodwhg wr wkh vwdwh hyhqw uhsuhvhqwdwlrq lq wkh
iroorzlqj pdqqhu=

{ @
[
|

[
@|

4E|c@|�{+w> d|,>

zkhuh 4E|c@|� uhihuv wr wkh lqglfdwru ixqfwlrq iru wkh gdwh0hyhqw sdlu +w> d|,1
Jlyhq wkh qdwxuh ri wkh gxdo/ d sulfh ixqfwlrqdo/ s 5 OW fdq eh vlploduo|
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Kdylqj lqwurgxfhg wkh qhfhvvdu| qrwdwlrq/ L zloo vwduw zlwk wkh lqglylg0
xdo*v sureohp1 Hyhu| djhqw vroyhv wkh sureohp
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zkhuh �+w> d|, lv wkh uhodwlyh sulfh ri frqvxpswlrq dw gdwh0hyhqw sdlu +w> d|,
uhodwlyh wr frqvxpswlrq dw gdwh 3�D1 Jlyhq wkh frqfdyh dqg gl�huhqwldeoh
qdwxuh ri wkh sureohp zh fdq rewdlq dq h{suhvvlrq iru wkh rswlpdo frqvxps0
wlrq dw gdwh0hyhqw sdlu +w> d|,=
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zkhuh S +d|, lv wkh suredelolw| phdvxuh ri hyhqw d| 5 i|1 Xvlqj wkh htxlole0
ulxp pdunhw fohdulqj frqglwlrq
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zh rewdlq dq h{suhvvlrq iru wkh uhodwlyh sulfh ri frqvxpswlrq dw gdwh0hyhqw
+w> d|,1
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Xvlqj wklv lq wkh djhqw*v rswlpdo frqvxpswlrq zh rewdlq
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Dovr/ lqvhuwlqj iru sulfh lq wkh exgjhw htxdwlrq zh fdq rewdlq dq dqdo|wlfdo
h{suhvvlrq ri wkh djhqw*v rswlpdo frqvxpswlrq dv d ixqfwlrq ri sulplwlyhv
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zkhuh s � z� fdq eh frpsxwhg xvlqj htxdwlrq +4,1
Dv L kdyh dvvxphg wkdw djhqwv* suhihuhqfhv duh vwulfwo| frqfdyh/ iroorzlqj

wkh uhvxow lq wkh wkhruhwlfdo fkdswhu/ djhqwv* frqvxpswlrq doorfdwlrqv duh
ixqfwlrqv ri wkh djjuhjdwh hqgrzphqw1 Wklv doorzv ph wr ghvfuleh djhqwv*
frqvxpswlrq e| wkh iudfwlrq ri hqgrzphqw wkdw wkh| uhsuhvhqw1 Lq dgglwlrq/
p| fkrlfh ri suhihuhqfhv vdwlv�hv wkh vwurqjhu dvvxpswlrqv ri Pdfh^4<<4`/
Wrzqvhqg^4<<6/ 4<<7` vr wkdw frqvxpswlrq uh�hfwv cshuihfw ulvn0vkdulqj*= wkh
frqvxpswlrq ri hdfk djhqw uhsuhvhqwv d frqvwdqw/ wlph0lqyduldqw iudfwlrq ri
wkh djjuhjdwh hqgrzphqw1

Sulfhv/ dv zh kdyh vhhq deryh/ fdq eh ghvfulehg dqdo|wlfdoo|1 Frqvxps0
wlrqv/ rq wkh rwkhu kdqg/ uhtxluh rqh wr frpsxwh wkh ydoxh ri hdfk djhqw*v
hqgrzphqw1 Iru wkdw rqh qhhgv wkh suredelolwlhv ri gl�huhqw vwdwhv dw gl�hu0
hqw srlqwv lq wlph frqglwlrqdo rq wkh klvwrulhv1 Wkh suredelolvwlf ghvfulswlrq
grhv qrw doorz iru d vlpsoh dqdo|wlfdo ghvfulswlrq ri vxfk suredelolwlhv/ khqfh
wkh qhhg wr uhvruw wr d frpsxwhu vlpxodwlrq1 Xvlqj wkh sdwkv vlpxodwhg xv0
lqj wkh glvwulexwlrq ri lqwhuduulydo wlphv ri vhfwlrq 61415/ rqh fdq frpsxwh
wkh gdwh }hur ydoxh ri wkh djhqw*v hqgrzphqwv/ dqg xvh wkhp wr fdofxodwh
djhqwv* qhw wudghv1 Wkh qhw wudghv dw gdwh }hur shu w|sh dw ulvn duh jlyhq lq
Wdeoh 431 Wkrvh qrw dw ulvn kdyh qhw wudghv ri 31;; +ulfk krxvhkrogv, dqg
3177 +srru krxvhkrogv,1

Rqh wklqj wr qrwh lv wkdw wkh ydoxh ri djhqwv* hqgrzphqwv kdv ehhq
frpsxwhg dv li wkh hfrqrp| zdv d w|sh hfrqrp| zlwk dq lq�qlwh qxpehu
ri djhqwv1 Wklv lv grqh iru hdvh ri frpsxwdwlrq dqg lpsolhv wkdw wkh uhvxowv
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Wdeoh 43= Gdwh ]hur Htxloleulxp Qhw Wudghv

��{� UD3 UD4 SD3 SD4 E3 E4 F3 F4

O1D1 03159 0;1<3 0315; 08143 09133 05:133 071;3 064133

V1I1 317: 061;3 3145 05163 051:3 046133 05143 048133

5L�hUiG ��|�Lh<t 5�4�*@|�L?�

suhvhqwhg duh iru wkh dyhudjh djhqw ri hdfk w|sh 0 doo djhqwv kdylqj ehhq
wuhdwhg lghqwlfdoo|1 Dv zh fdq vhh iurp Wdeoh 43/ wkh krxvhkrogv zkr olyh
lq wkh uhvw ri wkh Xqlwhg Vwdwhv uhfhlyh d suhplxp lq rughu wr vkduh wkhlu
frqvxpswlrq zkhq dq hduwktxdnh rffxuv1 Wklv lv dovr wuxh ri vrph krxvh0
krogv zkr duh dw uhodwlyho| orz ulvn= wkrvh olylqj lq Vdq Iudqflvfr dqg lq qhz
vlqjoh0idplo|/ zrrghq0iudph krxvhv1 Wkh uhvw ri wkh krxvhkrogv dw ulvn jlyh
xs vrph ri wkhlu hqgrzphqwv lq wkh qrq0dfflghqw vwdwhv lq rughu wr vkduh
frqvxpswlrq odwhu rq1 Wkh krxvhkrogv dw juhdwhvw ulvn/ wkrvh olylqj lq rog
dsduwphqw exloglqjv dqg pxowl0idplo| krphv/ duh wkh rqhv zkr kdyh wr jlyh
xs prvw1 Qrwdeo|/ hyhq wkhq wkh krxvhkrogv jlyh xs dw prvw 317 shu fhqw ri
wkhlu txduwhuo| hqgrzphqw +zlwkrxw wdnlqj lqwr dffrxqw hduwktxdnh gdp0
djh,1 Wkh frqwudvw ehwzhhq wkrvh olylqj lq Orv Dqjhohv dqg Vdq Iudqflvfr lv
qrwdeoh lq wkdw wkrvh olylqj lq Orv Dqjhohv sd| d kljkhu suhplxp wkdq wkh
fruuhvsrqglqj krxvhkrogv lq Vdq Iudqflvfr1 Wklv lv qrw vxusulvlqj ehfdxvh li
dq hduwktxdnh klwv/ lw lv pruh olnho| wr klw lq Orv Dqjhohv wkdq lq Vdq Iudq0
flvfr +wkh suredelolwlhv duh 319 dqg 317 uhvshfwlyho|, exw hyhq wklv gl�huhqfh
lq suredelolw| lv qrw vx�flhqw wr mxvwli| wkh gl�huhqfh lq frqvxpswlrq1 Wkh
juhdwhu h{whqw ri ghvwuxfwlrq dvvrfldwhg zlwk Orv Dqjhohv txdnhv phdqv wkdw
Orv Dqjhohv uhvlghqwv qhhg wr jlyh xs pruh frqvxpswlrq wkdq wkrvh lq wkh
Ed| Duhd hyhq li rqh wdnhv lqwr dffrxqw wkh gl�huhqfhv lq suredelolwlhv1

D 6�?@?U�@* �h�Uit

Qrz wkdw zh kdyh vhhq krz djhqwv zrxog dgmxvw wkhlu frqvxpswlrqv wr
ghdo zlwk wkh ulvn ri hduwktxdnhv rqh qhhgv wr frqvlghu krz wkhvh ehqh0
�fldo frqvxpswlrq h{fkdqjhv fdq eh lpsohphqwhg1 Wkh pdlq lqvwlwxwlrq
iru ulvn vkdulqj lq prghuq hfrqrplhv lv wkurxjk lqvxudqfh pdunhwv1 Fdq
dfwxdo pdunhwv ghdo zlwk wkhvh hduwktxdnhvB Krz zrxog wkh|B Wkh dq0
vzhu/ dv lv vkrzq lq Shqdoyd^4<<:e`/ lv wkurxjk vwdqgdug lqvxudqfh frqwudfwv
dqg wudglqj lq �qdqfldo vhfxulwlhv vxfk dv erqgv dqg lqvxudqfh ghulydwlyhv
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+fdwdvwurskh erqgv/ iru h{dpsoh,1 Wklv hfrqrp| kdv d wzr ulvn fodvvhv/ wkh
fodvv ri Qruwkhuq Fdoliruqld hduwktxdnhv dqg wkdw ri Vrxwkhuq Fdoliruqld
hduwktxdnhv1 Iurp Shqdoyd^4<<:e` dqg wkh idfw wkdw hdfk djhqw*v sulydwh
hqgrzphqw lv d�hfwhg rqo| e| rqh nlqg ri hduwktxdnhv +wkh Qruwkhuq ru wkh
Vrxwkhuq Fdoliruqld rqhv,/ zh nqrz wkdw hyhu| djhqw*v rswlpdo sruwirolr fdq
eh ixoo| fkdudfwhul}hg e| wudglqj lq d erqg/ d vlqjoh shuvrqdol}hg lqvxudqfh
frqwudfw/ dqg wzr ghulydwlyhv rq wkh djjuhjdwh hqgrzphqw1 Wkh prvw vxlw0
deoh ghulydwlyhv lq wklv frqwh{w duh fdwdvwurskh erqgv1 Fdwdvwurskh erqgv
duh d qhz nlqg ri vhfxulw|/ vlplodu wr frusrudwh erqgv1 Wkh| hvvhqwldoo|
sd| d suhplxp ryhu vwdqgdug erqgv exw li d fhuwdlq fdwdvwurskh rffxuv wkh
kroghu pd| orvh sduw ru doo ri wkh sulqflsdo1 Zh zloo vhh wkhp lq pruh ghwdlo
ehorz1

Lq wklv prgho wkhuh lv dq fdwdvwurskh erqg iru hduwktxdnhv lq Orv Dq0
jhohv dqg rqh iru hduwktxdnhv lq Vdq Iudqflvfr1 Wkhvh erqgv duh uhgxqgdqw
vhfxulwlhv/ dv wkh| fdq eh frqvwuxfwhg dv d zhljkwhg dyhudjh ri wkh lqglylgxdo
lqvxudqfh frqwudfwv lvvxhg lq wkhlu uhvshfwlyh duhdv1 Wkh| duh wudghg dv d
phdqv wr glyhuvli| wkh djjuhjdwh ulvn wr wkh hfrqrp|1 Lq wklv vhfwlrq L zloo
vkrz zkdw wkh lpsolfdwlrqv ri wkh vwdwh0frqwlqjhqw htxloleulxp sulfhv duh iru
vhfxulw| sulfhv dqg wkh frvw ri lqvxudqfh frqwudfwv dqg fdwdvwurskh erqgv1

D�� W?|ihit| +@|it

Wkh �uvw vhfxulw| wkdw qhhgv wr eh sulfhg lv wkh ulvnohvv erqg/ wkh vhfxulw|
pdqdjlqj lqwhuwhpsrudo �rzv1 Wkh prgho L kdyh frqvwuxfwhg phdvxuhv lq0
whuydov ehwzhhq frqvxpswlrq gdwhv dv txduwhuv1 Frqyhqlhqwo|/ wkh X1V1 jry0
huqphqw lvvxhv 60prqwk erqgv/ ru W0eloov1 Wklv prgho lv qrw vrsklvwlfdwhg
hqrxjk wr fdswxuh wkh frpsoh{lwlhv ri dfwxdo W0eloo sulfhv vr wkh uhodwlrq0
vkls ehwzhhq wkh lqwhuhvw udwhv lq wklv prgho dqg dfwxdo lqwhuhvw udwhv lv
rqo| looxvwudwlyh ri zkdw prghov ri wklv w|sh frxog fdswxuh +dqg kdyh/ vhh
iru h{dpsoh wkh fodvvlf sdshu e| Phkud dqg Suhvfrww ^4<;8` dqdo|}lqj wkh
uhwxuqv rq jryhuqphqw erqgv ylv0d0ylv uhwxuqv iurp vwrfnv,1 Lq wklv prgho/
wkh erqg lv d vhfxulw| wkdw sd|v rqh xqlw ri frqvxpswlrq iru vxuh dw wkh qh{w
frqvxpswlrq gdwh1 Qdwxudoo|/ lwv sulfh lv jlyhq e|

E+w, =@
4

4 . u+w,
@

H� ^�+w. 4, m I|`

�+w,
>

zklfk dw d jlyhq gdwh0hyhqw +w> d|, lv jlyhq e|

E+w> d|, @
[

@|n�a@|
@|n�Ms|n�

S +d|n� m d|,�+w. 4> d|n�,

�+w> d|,

5<



@
[

@|n�a@|
@|n�Ms|n�

S +d|n� m d|,�
|n�z+3,4 z+w. 4> d|n�,

34

�|z+3,4 z+w> d|,34

@ �
[

@|n�a@|
@|n�Ms|n�

S +d|n� m d|,

�
z+w> d|,

z+w. 4> d|n�,

�4

Wkh uhvxowlqj uhwxuq iru wkh �uvw |hdu lv d txduwhuo| lqwhuhvw udwh ri
4134( +dqg d |hduo| lqwhuhvw udwh ri 714(,1 Wkh prvw lqwhuhvwlqj dvshfw ri
wklv prgho lv wkdw lw doorzv xv wr fdofxodwh sulfhv iru lqvxudqfh frqwudfwv dqg
krz djhqwv zloo wudgh rq wkrvh frqwudfwv1

D�2 W?t�h@?Ui �L?|h@U|t

Dq lqvxudqfh frqwudfw djdlqvw hduwktxdnhv hvwdeolvkhv wkdw wkh lqvxudqfh
frpsdq|/ zklfk lv xvxdoo| wkh lvvxhu ri wkh frqwudfw/ zloo sd| wkh kroghu
ri wkh frqwudfw frqglwlrqdo rq wkh lqglylgxdo*v krph ehlqj gdpdjhg e|
dq hduwktxdnh1 Xvxdoo|/ wkh frqwudfw fryhuv wkh krph iru d |hdu dqg lw
vshfl�hv d ghgxfwleoh dqg olplwv rq fryhudjh zklfk fdq pdnh wkh frqwudfw
txlwh frpsoh{1 Wkh dssurdfk L wdnh khuh lv wr gh�qh dq lqvxudqfh frq0
wudfw dv d fodlp sd|deoh frqglwlrqdo rq dq dfflghqw rffxuulqj wr d sduwlfxodu
krxvhkrog +krph,1 Wkhvh fodlpv duh lvvxhg lq ' shu '4/333 ri fryhudjh�S1
Djhqwv fdq ex| dqg vhoo dv pdq| ri wkhvh frqwudfwv dv wkh| zlvk/ dqg wkh
frqwudfwv zloo eh wudghg dw wkh pdunhw sulfh +wkh sulfh ghulyhg iurp wkh
frqwlqjhqw0frpprglw| pdunhw htxloleulxp/ zklfk lv dovr duelwudjh0iuhh,1 Lq0
vxudqfh frqwudfwv duh lvvxhg rq d |hduo| edvlv1 Wkh| duh dovr shuvrqdol}hg
frpprglwlhv2vhfxulwlhv/ dv hdfk vd|v=

Wkh kroghu ri wklv frqwudfw lv hqwlwohg wr 4/333 xqlwv ri frq0
vxpswlrq li *v krph lv gdpdjhg e| dq hduwktxdnh zlwklq rqh
|hdu ri wkh gdwh ri lvvxh ri wklv frqwudfw1

Wkh eodqn vshfl�hv wkh djhqw zkrvh krph lv ehlqj lqvxuhg1 Khqfh/ wkhuh duh
8/;:9/:3: srwhqwldo lqvxudqfh frqwudfwv/ l1h1/ rqh iru hyhu| krxvhkrog olylqj
lq d FDUG1 Rqh ri wkh prvw hohjdqw dvshfwv ri wklv prgho lv/ dv zh vkdoo
vhh odwhu/ wkdw djhqwv qhhg wr wudgh lq dw prvw irxu vhfxulwlhv wr dwwdlq wkhlu
rswlpdo frqvxpswlrq doorfdwlrqv 0 d pxfk pruh pdqdjhdeoh qxpehu wkdq
81< ploolrq$1
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Wkh lqvxudqfh frqwudfw sulfhv lvvxhg iru d zkroh |hdu +irxu txduwhuv, duh
glvsod|hg lq Wdeoh 441 Lqvxudqfh frqwudfwv iru prvw w|shv iroorz d txlwh
suhglfwdeoh sdwwhuq/ lqfuhdvlqj zlwk wkh olnholkrrg ri gdpdjh dqg juhdwhu
iru wkrvh lq wkh Orv Dqjhohv edvlq dqg iru wkh odujhu hduwktxdnh1

Wdeoh 44= Rqh \hdu Lqvxudqfh Frqwudfw Sulfhv +:18./ ' shu '4/333 ri fryhu0
djh,

Djhqw W|sh Orv Dqjhohv Vdq Iudqflvfr

UD3 3134; 31346

UD4 3146 313;

SD3 3134; 31345

SD4 3146 313;

SE3 3159 314:

SE4 413: 31:5

SF3 314; 3145

SF4 413: 31:5

5L�hUiG ��|�Lh<t 5�4�*@|�L?�

Wkh frqfoxvlrq lv wkdw lqvxudqfh sulfhv iroorz wkh sdwwhuq ghvfulehg e|
wkh FHD= kljkhu sulfhv lq ulvnlhu duhdv dqg iru krphv wkdw duh pruh olnho| wr
eh gdpdjhg gxulqj dq hduwktxdnh/ exw wkh sulfh ri fryhudjh lv rqh rughu ri
pdjqlwxgh orzhu wkdq wkdw sursrvhg e| wkh FHD1 Dv d gluhfw frpsdulvrq/
wkh dyhudjh sulfh ri fryhudjh iru krxvhkrogv olylqj lq FDUGv�. lv 5< fhqwv
shu wkrxvdqg grooduv ri fryhudjh +zlwkrxw ghgxfwleoh,/ zkloh wkdw sursrvhg
e| wkh FHD lv '615< shu wkrxvdqg zlwk d 48( ghgxfwleoh1 Wkh hvwlpdwhg
lqvxudqfh sulfhv pd| vhhp yhu| vpdoo vr ohw xv fkhfn e| grlqj d vlpsoh edfn0
ri0wkh0hqyhorsh fdofxodwlrq= wkh hvwlpdwhg frvw ri gdpdjh lv '93 eloolrq lq
Orv Dqjhohv dqg '63 eloolrq lq Vdq Iudqflvfr1 Wkh elj rqh frphv lq rqfh
hyhu| rqh kxqguhg |hduv/ dqg zkhq lw grhv L kdyh jlyhq lw d 73 shu fhqw
fkdqfh ri klwwlqj d ghqvho| srsxodwhg duhd> zlwk 319 suredelolw| lw zloo klw
O1D1 dqg zlwk 317 Vdq Iudqflvfr> khqfh/ wkh h{shfwhg frvw lv 93�3=34�3=65�
3=9 . 63 � 3=34 � 3=65 � 3=7 @ 3=4869 ru ' 487 ploolrq/ zklfk glvfrxqwhg dw 7
shu fhqw lv ' 47; ploolrq/ zklfk lv hvvhqwldoo| zkdw lv sdlg rxw lq lqvxudqfh
suhpld xvlqj wkrvh lq Wdeoh 441 Wkh dyhudjh sulfh ri lqvxudqfh djdlqvw d
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pdmru fdwdvwursklf hduwktxdnh lv orzhu wkdq wkdw sursrvhg e| wkh FHD�H1

D�� �h�U�?} �@|@t|hLT�i �L?_t

Wkh odvw w|sh ri vhfxulw| wudghg lv fdwdvwurskh erqgv1 Fdwdvwurskh erqgv
duh lvvxhg e| lqvxudqfh dqg uhlqvxudqfh frpsdqlhv1 Vzlvv Uh +uhlqvxudqfh,
kdv lvvxhg ' 46: ploolrq erqgv rq d Hdvw Frdvw hduwktxdnh zkloh Xqlwhg
Vhuylfhv Dxwrpreloh Dvvrfldwlrq +XVDD/ krph dqg dxwr lqvxudqfh, kdv
lvvxhg ' 7:: ploolrq erqgv rq Hdvw Frdvw kxuulfdqhv1 Wkhvh erqgv duh
udwhg dv ehwzhhq Ddd dqg Edd5 e| udwlqj djhqflhv +Ilwfk Lqyhvwruv Vhuylfh/
Vwdqgdug ) Srru*v/ Prrg|*v Lqyhvwruv Vhuylfh/ dqg Gx� ) Skhosv Fuhglw
Udwlqj Frpsdq|, dv wkh| zrxog dq| rwkhu erqg/ dqg sd| ehwzhhq 4417(
dqg ;174( +dv ri Mxqh 8/ 4<<:,1 Wkh| duh vwuxfwxuhg lq d vlplodu idvklrq
wr uhlqvxudqfh frqwudfwv= wkh| sd| d suhplxp ryhu ulvnohvv erqgv exw li
wkh lqvxudqfh +ru uhlqvxudqfh, frpsdq| kdv wr sd| fodlpv deryh d fhuwdlq
wkuhvkrog ehfdxvh d fdwdvwurskh rffxuv wkhq wkh kroghu ri wkh erqg kdv wr
sd| wkh frpsdq|/ zklfk lq wkh fdvh ri wkh erqg phdqv wkdw wkh kroghu orvhv
sduw ru doo ri wkh sulqflsdo1

Lq p| prgho/ fdwdvwurskh erqgv duh vwuxfwxuhg dv iroorzv= wkh erqgv
duh lvvxhg |hduo| +l1h1 iru irxu shulrgv,> dw wkh h{sludwlrq gdwh wkh| sd|=
wkh |hduo| ulvnohvv lqwhuhvw udwh soxv 7 shu fhqw +4 . u . 3=37, li wkhuh lv qr
hduwktxdnh/ kdoi ri wkh sulqflsdo li wkhuh lv d vlqjoh hduwktxdnh +425,/ dqg
qrwklqj li wkhuh duh wzr ru pruh hduwktxdnhv1 Wkhuh duh wzr nlqgv ri erqgv/
rqh iru Orv Dqjhohv dqg rqh iru wkh Ed| Duhd/ dqg wkh| sd| frqglwlrqdo rq
dfflghqwv rq wkhlu duhd> li wzr hduwktxdnhv klw Vdq Iudqflvfr lq wkh vdph
|hdu dqg qrqh lq Orv Dqjhohv/ wkh Orv Dqjhohv erqg sd|v 4 . u . 3=371

Wkh frpshwlwlyh sulfh iru wkh Orv Dqjhohv fdwdvwurskh erqg lv '4136:69
dqg iru wkh Vdq Iudqflvfr2Ed| Duhd erqg '4136::4/ zklfk lpsolhv wkdw wkh
frpshwlwlyh pdun0xs ryhu wkh frpsdq|*v qrupdo frusrudwh erqgv vkrxog eh
durxqg 3158 ri rqh shu fhqw/ qrw 7 shu fhqw1 Wkh lvvxhuv ri fdwdvwurskh erqgv
glg dqqrxqfh wkdw wkhvh erqgv fduu| dq h{fhvv suhplxp zklfk lv lqwhqghg wr
frpshqvdwh lqyhvwruv iru wkh qryhow| ri wkh surgxfw/ exw wkh h{wud suhplxp
lv derxw 61:( deryh wkh frpshwlwlyh sulfh 0txlwh d vxevwdqwldo dprxqw0 vr
rqh zrxog h{shfw wkhvh erqgv wr eh lq kljk ghpdqg1
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Dv vkrzq lq Shqdoyd^4<<:e`/ wudglqj lq wkhvh erqgv/ wrjhwkhu zlwk wkh W0
eloo dqg sulydwh lqvxudqfh frqwudfwv vx�fhv iru djhqwv wr dwwdlq wkhlu rswlpdo
qhw wudghv1

S �L?U*�t�L?

L kdyh frqvwuxfwhg d vlpsoh h{fkdqjh prgho ri wkh Fdoliruqld hfrqrp| xvlqj
wkh k|eulg wlph vwuxfwxuh suhvhqwhg lq Shqdoyd^4<<:d/ 4<<:e` dqg xvhg lw wr
dqdo|}h d frpshwlwlyh pdunhw iru hduwktxdnh lqvxudqfh iru uhvlghqwldo krphv1
L kdyh uhvwulfwhg dwwhqwlrq wr fdwdvwursklf hduwktxdnhv lq ghqvho| srsxodwhg
duhdv dqg hvwlpdwhg wkh olnholkrrg dqg gdpdjh fdxvhg e| dq hduwktxdnh1
Wklv L kdyh grqh xvlqj gdwd rq sdvw hduwktxdnhv/ e| hvwlpdwlqj gdpdjh
fdxvhg e| odujh hduwktxdnhv wr h{lvwlqj exloglqj vwuxfwxuhv/ dqg e| orrnlqj
dw wkh uhsodfhphqw ydoxh ri wkh krphv lq wkrvh vwuxfwxuhv1 L kdyh xvhg
wkh prgho wr frpsxwh djhqwv* rswlpdo frqvxpswlrq sdwwhuqv/ dqg sulfhv iru
lqvxudqfh frqwudfwv dqg fdwdvwurskh erqgv1

Wkh frqfoxvlrqv iurp wklv dqdo|vlv duh wkdw djhqwv rswlpdoo| glyhuvli|
wkhlu lglrv|qfudwlf ulvn e| vkdulqj wkhlu hqgrzphqwv> wklv fdq eh lpsoh0
phqwhg dv d vhfxulw| pdunhw htxloleulxp lq zklfk djhqwv dw ulvn ex| lqvxu0
dqfh frqwudfwv wr surwhfw wkhlu krphv dqg wudgh lq wkh ulvnohvv erqg dqg lq
fdwdvwurskh erqgv wr vkduh lq djjuhjdwh xqfhuwdlqw|> wkh lpsolhg sulfhv iru
lqvxudqfh frqwudfwv duh rqh rughu ri pdjqlwxgh orzhu wkdq wkrvh suhvhqwo|
ehlqj sursrvhg e| wkh Fdoliruqld Hduwktxdnh Dxwkrulw|/ hyhq iru frqwudfwv
wkdw r�hu ixoo fryhudjh dv rssrvhg wr wkrvh sursrvhg e| wkh FHD wkdw lqfoxgh
d 48( ghgxfwleoh1 Dovr/ djhqwv zloo sxufkdvh ixoo fryhudjh dw wkh frpshwlwlyh
sulfhv1 Ixuwkhupruh/ wkh lpsolhg sulfhv iru fdwdvwurskh erqgv vxjjhvw wkdw
fdwdvwurskh erqgv fxuuhqwo| ehlqj wudghg lqfrusrudwh d vxevwdqwldo suhplxp
deryh frpshwlwlyh sulfhv +d suhplxp ri 61:(,1

Wkhvh uhvxowv duh vxjjhvwlyh ri wkh lpsdfw ri wkh kljko| uhjxodwhg hq0
ylurqphqw vxuurxqglqj fxuuhqw lqvxudqfh pdunhwv dqg wkh srvvleoh ehqh�wv
iurp lqwurgxflqj d odujhu ghjuhh ri pdunhw frpshwlwlyhqhvv1 Lw dovr vxjjhvwv
wkdw wkh lqwurgxfwlrq ri fdwdvwurskh erqgv lv d yhu| lpsruwdqw �qdqfldo
lqqrydwlrq wkdw ixo�oov dq hvvhqwldo uroh iru glyhuvli|lqj dqg vsuhdglqj wkh
�qdqfldo exughq ri lqvxulqj lqglylgxdo krphv djdlqvw pdmru qdwxudo glvdv0
whuv1 Rq wkh rwkhu kdqg/ wkh prgho suhvhqwhg khuh lv d yhu| vlpsoh prgho
wkdw zrxog ehqh�w iurp dgglwlrqdo uhvhdufk/ erwk lq whupv ri frqvwuxfwlqj d
pruh vrsklvwlfdwhg ghvfulswlrq ri wkh X1V1 hfrqrp| dv zhoo dv iurp d pruh
frpsohwh ghvfulswlrq ri wkh krxvlqj pdunhw1 Qhyhuwkhohvv/ wkh gl�huhqfhv eh0
wzhhq vhfxulw| sulfhv lq wklv prgho dqg wkrvh wdnhq iurp dfwxdo pdunhwv duh
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vx�flhqwo| odujh wr udlvh frqfhuqv derxw wkh h�flhqf| ri fxuuhqw lqvxudqfh
pdunhwv dqg wkh ohjdo iudphzrun zlwklq zklfk wkh| rshudwh1
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Wkh iroorzlqj wdeoh kdv ehhq wdnhq iurp Fdoliruqld Jhrorj|/ Iheuxdu| 4<;9
+Fdoliruqld Ghsduwphqw ri Frqvhuydwlrq,/ Hduwktxdnh Klvwru| ri wkh X1V1/
4<;5 +X1V1 Ghsduwphqw ri Frpphufh dqg Ghsduwphqw ri Lqwhulru,/ Vwdwh
ri Fdoliruqld/ R�fh ri Hphujhqf| Vhuylfhv uhfrugv/ wkh Fdoliruqld Vhlvplf
Vdihw| Frplvvlrq Zhevlwh=
kwws=22zzz1vhlvplf1fd1jry2vvfvljht1kwp

Qxpehu ri pdmru hduwktxdnhv +4<7:0suhvhqw,1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15;
Dyhudjh Gdpdjh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :58 +Mdq4<<5' Ploolrq,
Vhyhqw|0�iwk Shufhqwloh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 88 +Mdq4<<5' Ploolrq,
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Wkh iroorzlqj wdeohv rxwolqh wkh dyhudjh olylqj duhd dqg shu vtxduh irrw frvw
ri gl�huhqw fodvvhv ri frqvwuxfwlrq iru gl�huhqw exloglqj frq�jxudwlrqv1 Doo
hvwlpdwhv duh iru zrrg volglqj iudphv/ h{fhsw wkh rqh vwru| hfrqrp| krph
zklfk kdv d vwxffr zrrg iudph1

Wdeoh 45= Dyhudjh Hfrqrp| Krph

Exloglqj Frq�jxudwlrq Dyhudjh Vxuidfh Duhd Frvw shu vtxduh irrw Wrwdo

Rqh vwru| 4/533 vt iw '87188 '98/793
Rqh0dqg0d0kdoi vwrulhv 4/933 vt iw '841;3 ';5/;;3
Wzr vwrulhv 5/333 vt iw '83198 '434/633
Wul0ohyho exloglqj 5/733 vt iw '751<8 '436/3;3

Wdeoh 46= Dyhudjh Krph

Exloglqj Frq�jxudwlrq Dyhudjh Vxuidfh Duhd Frvw shu vtxduh irrw Wrwdo

Rqh vwru| 4/933 vt iw '97143 '435/893
Rqh0dqg0d0kdoi vwrulhv 4/;33 vt iw '961;8 '447/<63
Wzr vwrulhv 5/333 vt iw '96188 '45:/433
Wul0ohyho exloglqj 5/733 vt iw '89168 '468/573
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Wdeoh 47= Dyhudjh Fxvwrp Krph

Exloglqj Frq�jxudwlrq Dyhudjh Vxuidfh Duhd Frvw shu vtxduh irrw Wrwdo

Rqh vwru| 5/733 vt iw ':5163 '4:6/853
Rqh0dqg0d0kdoi vwrulhv 5/;33 vt iw ':3168 '4<9/<;3
Wzr vwrulhv 5/;33 vt iw ':5173 '535/:53
Wul0ohyho exloglqj 6/533 vt iw '98173 '53</5;3

Wdeoh 48= Dyhudjh Ox{xu| Krph

Exloglqj Frq�jxudwlrq Dyhudjh Vxuidfh Duhd Frvw shu vtxduh irrw Wrwdo

Rqh vwru| 5/;33 vt iw ';91<3 '576/653
Rqh0dqg0d0kdoi vwrulhv 5/;33 vt iw ';31:8 '559/433
Wzr vwrulhv 6/533 vt iw ':;173 '583/;;3
Wul0ohyho exloglqj 6/933 vt iw ':4188 '58:/8;3

Wr hvwlpdwh wkh frqvwuxfwlrq frvwv iru dsduwphqwv L xvh wkh iroorzlqj wr
h{dpsohv wdnhq iurp wkh EQl Exloglqj Qhzv 4<<9 Frvwerrn=
41 Qhz frqvwuxfwlrq ri dq dsduwphqw exloglqj1 Olplwhg exgjhw dqg vpdoo
grzqwrzq vlwh1 483 uhqwdo xqlwv1 Uljlg Vwhho Iudph1 Kdelwdeoh vxuidfh=
448/<33 vt iw1 Frqvwuxfwlrq frvw hvwlpdwh= '961:9 shu vt iw> ':/6<3/633 wrwdo1
Shu xqlw= ::6 vt iw kdelwdeoh vsdfh dw d frvw ri '7</59<1
51 Qhz frqvwuxfwlrq ri dsduwphqw krxvlqj iru wkh hoghuo|1 Dwwudfwlyh exlog0
lqj1 533 xqlwv1 Vwhho iudph1 Kdelwdeoh vxuidfh= 477/5;8 vt iw1 Frqvwuxfwlrq
frvw hvwlpdwh= ':614< shu vt iw> '43/893/5331 Shu xqlw= :54 vt iw kdelwdeoh
vsdfh dw d frvw ri ' 85/;341
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L1 Qrw ihow1

LL1 Ihow e| shuvrqv dw uhvw/ rq xsshu �rruv/ ru idyrudeo| sodfhg1

LLL1 Ihow lqgrruv1 Kdqjlqj remhfwv vzlqj1 Yleudwlrq olnh sdvvlqj ri oljkw
wuxfnv1

LY1 Kdqjlqj remhfwv vzlqj1 Zlqgrzv/ grruv/ glvkhv udwwoh1 Yleudwlrq olnh
sdvvlqj ri khdy| wuxfn ru mrow olnh d khdy| edoo vwulnlqj wkh zdoov1

Y1 Ihow rxwgrruv/ vohhshuv zdnhqhg1 Oltxlgv glvwxuehg ru vsloohg1 Vpdoo
xqvwdeoh remhfwv glvsodfhg ru xsvhw1 Slfwxuhv pryh1

YL1 Ihow e| doo1 Shuvrqv zdon xqvwhdglo|1 Zlqgrzv glvkhv dqg jodvvhv
eurnhq1 Slfwxuhv r� zdoov1 Ixuqlwxuh pryhg ru ryhuwxuqhg1 Zhdo
sodvwhu dqg pdvrqu| fudfnhg1

YLL1 Gl�fxow wr vwdqg1 Qrwlfhg e| fdu gulyhuv1 Ixuqlwxuh eurnhq1 Gdpdjh
wr zhdn pdvrqu|/ vrph fudfnv lq ruglqdu| pdvrqu|1 Zhdn fklpqh|v
eurnhq dw urri olqh1 Idoo ri sodvwhu/ orrvh eulfnv/ vwrqhv/ wlohv dqg
xqeudfh sdudshwv1

YLLL1 Vwhhulqj ri fduv d�hfwhg1 Gdpdjh wr ruglqdu| pdvrqu|/ sduwldo fro0
odsvh1 Wzlvwlqj/ idoo ri fklpqh|v/ idfwru| vwdfnv/ prqxphqwv/ wrzhuv/
hohydwhg wdqnv1 Iudph krxvhv pryhg rq irxqgdwlrqv li qrw erowhg
grzq> orrvh sdqho zdoov wkurzq rxw1 Fudfnv lq zhw jurxqg dqg rq
vwhhs vorshv1

L[1 Jhqhudo Sdqlf1 Srru pdvrqu| ghvwur|hg/ ruglqdu| pdvrqu| khdylo|
gdpdjhg/ vrphwlphv zlwk frpsohwh froodsvh/ uhlqirufhg pdvrqu| gdp0
djhg/ jhqhudo gdpdjh wr irxqgdwlrqv1 Iudph vwuxfwxuhv/ li qrw erowhg/
vkliwhg r� irxqgdwlrqv1 Iudphv udfnhg1 Xqghujurxqg slshv eurnhq1
Frqvslfxrxv fudfnv lq jurxqg1 Oltxhidfwlrq lq duhdv ri vdqg dqg pxg1

[1 Prvw pdvrqu| dqg iudph vwuxfwxuhv ghvwur|hg1 Vrph zhoo0exlow zrrghq
vwuxfwxuhv dqg eulgjhv ghvwur|hg1 Vhulrxv gdpdjh wr gdpv/ glnhv/ hp0
edqnphqwv1 Odujh odqgvolghv1 Udlov ehqw voljkwo|1

[L1 Udlov ehqw juhdwo|1 Xqghujurxqg slsholqhv frpsohwho| rxw ri vhuylfh1

[LL1 Gdpdjh qhduo| wrwdo1 Odujh urfn pdvvhv glvsodfhg1
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^4` DEDJ ^4<<:`1 Hduwktxdnh dqg Krxvlqj Lpsdfwv1

^5` EQl Exloglqj Qhzv= Vtxduh Irrw 4<<9 Frvwerrn1 9wk hg1 EQl Sxeolfd0
wlrqv

^6` Euhpdxg/ S1 ^4<;4`1 Srlqw Surfhvvhv dqg Txhxhv= Pduwlqjdoh G|qdplfv1

Vsulqjhu0Yhuodj1 Qhz \run1

^7` Frqvwuxfwru*v Sulflqj Jxlgh= Uhvlghqwldo Vtxduh Irrw Frvwv 4<<:1 U1V1
Phdqv Fr1/ Lqf1

^8` Frroh|/ Wkrpdv I1 +hg1, ^4<<8`1 Iurqwlhuv ri Exvlqhvv F|foh Uhvhdufk1
Sulqfhwrq Xqlyhuvlw| Suhvv1 Sulqfhwrq/ Qhz Mhuvh|1

^9` Gldprqg/ S1 ^4<9:`1 _Wkh uroh ri d Vwrfn Pdunhw lq d Jhqhudo Htxl0
oleulxp Prgho zlwk Whfkqrorjlfdo Xqfhuwdlqw|1% Dphulfdq Hfrqrplf

Uhylhz 8:= :8<~::91

^:` HHUL Dg Krf Frpplwwhh rq Vhlvplf Shuirupdqfh ^4<<7`1 H{shfwhg
Vhlvplf Shuirupdqfh ri Exloglqjv1 Hduwktxdnh Hqjlqhhulqj Uhvhdufk
Lqvwlwxwh1

^;` Khoeolqj/ F1S1/ J1 Idoohjjhu/ dqg G1 Kloo ^4<<9`1 Uhwklqnlqj Ulvn Il0

qdqflqj1 Vzlvv Uhlqvxudqfh Frpsdq|1

^<` Ldfrsl/ U1O1 ^4<<9`1 Hduwktxdnh Frxqwu|1 Ilvkhu Errnv1 Dul}rqd1

^43` Phkud/ U1 dqg H1 Suhvfrww ^4<;8`1 _Wkh htxlw| suhplxp= D sx}}oh1% lq
Mrxuqdo ri Prqhwdu| Hfrqrplfv 48= 478~495

^44` Shqdoyd ]xdvwl/ Mrvh V1 ^4<<:d` Wkh Wkhru| ri Ilqdqfldo Lqvxudqfh zlwk
dq Dssolfdwlrq wr Hduwktxdnhv dqg Fdwdvwurskh Erqgv1 SkG Wkhvlv/
XFOD1

^45` Shqdoyd ]xdvwl/ Mrvh V1 ^4<<:e`1 _Ulvn0Vkdulqj/ Ilqdqfh/ dqg K|eulg
Wlph= D Pxwxdo Ixqg Wkhruhp zlwk Shuvrqdol}hg Lqvxudqfh Frq0
wudfwv1% plphr/ XFOD1

^46` Wrzqvhqg/ Urehuw P1 ^4<<6`1 Wkh Phglhydo Yloodjh Hfrqrp|1 Sulqfhwrq
Xqlyhuvlw| Suhvv1 Sulqfhwrq/ Qhz Mhuvh|1

^47` Wrzqvhqg/ Urehuw P1 ^4<<7`1 _Ulvn dqg Lqvxudqfh lq Yloodjh Lqgld/%
Hfrqrphwulfd 95 86<~8<41

6<



^48` Zlovrq/ U1 ^4<9;`1 _Wkh Wkhru| ri V|qglfdwhv1% Hfrqrphwulfd 69= 44<~
4651
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