
Xqhpsor|phqw Gxudwlrqv ri Iuhqfk \rxqj Shrsoh=

wkh Lpsdfw ri Lqglylgxdo/ Idplo| dqg rwkhu Idfwruv

rq wkh Kd}dug Udwh

Dqqd Fulvwlqd G*DgglrW_

Mdqxdu|/ 4<<;

Devwudfw

Wklv sdshu lv frqfhuqhg zlwk wkh dqdo|vlv ri wkh ghwhuplqdqwv ri xqhpsor|0
phqw gxudwlrqv ri Iuhqfk \rxqj Shrsoh1 Wkh gdwd xvhg duh h{wudfwhg iurp wkh
Hqtxíwh Hpsorl 4<<304<<5 dqg wkh Prgxoh Mhxqhv 4<<5/ erwk fduulhg rxw e|
LQVHH1 D uhgxfhg irup dssurdfk kdv ehhq dgrswhg1 Lw lv edvhg rq wkh hvwlpd0
wlrq ri d glvfuhwh0wlph kd}dug prgho zklfk ghulyhv iurp wkh h{whqvlrq ri wkh Fr{
prgho +4<:5, dv lq Suhqwlfh dqg Jorhfnhu +4<:;,1 Wkh edvholqh udwh lv slhfhzlvh
frqvwdqw/ lw lv wkxv frqvwdqw zlwklq hdfk gxudwlrq lqwhuydo ri wzr prqwkv1 D
glvfuhwh0wlph kd}dug prgho zlwk xqrevhuyhg khwhurjhqhlw| kdv ehhq hvwlpdwhg
wrr1 Lq lw xqrevhuyhg khwhurjhqhlw| kdv ehhq prghoohg e| phdqv ri d jdppd
glvwulexwlrq1

Hvwlpdwlrqv kdyh ehhq shuiruphg vhsdudwho| rq phq dqg zrphq gxudwlrqv1
Ydulrxv h{sodqdwru| yduldeohv kdyh ehhq lqwurgxfhg lq wkh dqdo|vlv> wkh| duh
vljql�fdqw lq prvw fdvhv/ exw wkhlu h�hfwv ydu| dffruglqj wr wkh srsxodwlrq ri
uhihuhqfh1 Wkh frqglwlrqv wr dffhvv wkh oderxu pdunhw zloo wkhq vhhp wr eh yhu|
gl�huhqw iru wkh wzr jurxsv vwxglhg1 Rqo| wkh hgxfdwlrq ohyho kdyh d srvlwlyh
dqg vljql�fdqw h�hfw dw wkh vdph wlph rq wkh kd}dug udwh ri wkh wzr vxejurxsv
vwxglhg1 Lw lv dovr zruwkzkloh wr uhpdun wkdw wkh yduldeohv lqwurgxfhg wr wdnh
dffrxqw iru wkh gdwh ri hqwu| lq wkh xqhpsor|phqw vshoo/ kdyh d vljql�fdqw
qhjdwlyh h�hfw rq wkh suredelolw| ri ohdylqj xqhpsor|phqw erwk iru phq dqg
zrphq1 Wkh kd}dug udwh vhhpv yhu| vhqvlwlyh wr wkh hfrqrplf vlwxdwlrq/ wkh
jurxsv wkh ohvv dwwdfkhg wr wkh oderxu pdunhw vhhp wr eh wkh pruh vhqvlwlyh wr
wkh hfrqrplf vlwxdwlrq1

WLUHV dqg Fruh/ Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlwì Fdwkroltxh gh Orxydlq/ Orxydlq0od0Qhxyh/

Ehojlxp1 H0pdlo gdgglrCluhv1xfo1df1eh
_L zlvk wr wkdqn L1 Edugrxodw/ J1 Elmzddug/ E1 Frfn{/ M1 Ghydx{/ W1 Pdjqdf/ P1 Prxfkduw/ G1

Srzhuv/ J1 ydq ghq Ehuj dqg hvshfldoo| V1S1 Mhqnlqv/ Xqlyhuvlw| ri Hvvh{/ iru doo xvhixo khos dqg

vxjjhvwlrqv1 Wkh dxwkru lv vroho| uhvsrqvleoh iru dq| huuru lq wkh suhvhqw sdshu1



41 Lqwurgxfwlrq

Xqhpsor|phqw/ lq jhqhudo/ dqg pruh sduwlfxoduo| xqhpsor|phqw ri wkh |rxwk lv d
skhqrphqrq wkdw krogv wkh dwwhqwlrq ri doo Zhvwhuq frxqwulhv1

Lw lv d uhvhdufk wrslf wkdw rqh fdq �qg lq vhyhudo zrunv dqg wkdw kdv ehhq vwxglhg
xvlqj gl�huhqw dssurdfkhv +vhh Ghylqh dqg Nlhihu/ 4<<4,1 Lwv hpslulfdo ghvfulswlrq
vwduwhg zlwk zrunv ri Odqfdvwhu +4<:<, dqg Odqfdvwhu dqg Qlfnhoo +4<;3, dqg ghyho0
rshg wkurxjk hfrqrphwulf gxudwlrq prghov1 Lqghhg/ xqhpsor|phqw gxudwlrq kdv ehhq
rqh ri wkh prvw h{whqvlyho| vwxglhg lvvxhv lq wkh X1V1 dqg vrph hxurshdq frxqwulhv1
Iru lqvwdqfh/ lq wkh sdshuv zulwwhq lq Iudqfh rq wklv vxemhfw/ rqh �qgv glyhuvlwlhv
edvhg erwk rq wkh phwkrgv dqg lpsolflw dvvxpswlrqv wr wkh phwkrgv/ dqg rq wkh
nlqg ri wkh gdwd xvhg14

Lq Iudqfh wkh lqfuhdvh lq wrwdo xqhpsor|phqw vlqfh 4<:8 zdv dffrpsdqlhg e| d
frqvlghudeoh lqfuhdvh lq wkh qxpehu ri wkh orqj0whup xqhpsor|hg1 D juhdw sduw ri
wklv ulvh pd| eh h{sodlqhg e| wkh vxevwdqwldo ohqjwkhqlqj ri dyhudjh xqhpsor|phqw
gxudwlrqv udwkhu wkdq wkh lqfuhdvh lq rzv lqwr xqhpsor|phqw +Pruhdx dqg Ylvvhu/
4<;<,1 Lw zrxog wkxv vhhp wkdw wkh ulvh lq wkh xqhpsor|phqw udwh grhv qrw uhvxow
pdlqo| iurp pruh iuhtxhqw hqwulhv exw iurp uhfodvvl�fdwlrq gl!fxowlhv pxfk pruh
lpsruwdqw +Wkìorw/ 4<;;,1 Uhodwlyh wr wkh xqhpsor|phqw ri wkh |rxqj shuvrqv/ lw
pxvw eh qrwlfhg wkdw lw udlvhg frqvlghudeo| wrr lq wkh odvw wzhqw| |hduv1

Dv wr wkh xqhpsor|phqw ri wkh |rxwk/ lw pxvw eh vdlg wkdw lw lv dprqj wkh wrs
srolf| lvvxhv ri doo Zhvwhuq Hxurshdq frxqwulhv1 Ydulrxv dqdo|vlv zhuh xqghuwdnhq rq
wklv wrslf1 Vrph dxwkruv kdyh xvhg wkh lqglylgxdov* oderxu pdunhw klvwrulhv wr dvvhvv
wkh h�hfwv ri vshfl�f srolf| surjudpv +vhh iru dssuhqwlfhvklsv dqg wudlqlqj surjudpv
Erqqdo/ Irxjëuh dqg Vìudqgrq/ 4<<:> iru wudlqlqj surjudpv Pdjqdf/ 4<<9,1 Rwkhuv
kdyh vwxglhg wkhlu xqhpsor|phqw gxudwlrqv lq rughu wr surylgh dqvzhuv wr vrph vsh0
fl�f txhvwlrqv +vhh Irxjëuh/ 4<;9> Pruhdx dqg Ylvvhu/ 4<;<> Deeulqj/ ydq ghq Ehuj
dqg ydq Rxuv/ 4<<9, dprqj zklfk lw lv qhfhvvdu| wr uhphpehu wkh vwxglhv wkdw kdyh
irfxvhg rq wkh glvwlqfwlrq ehwzhhq vwdwh ghshqghqfh dqg xqrevhuyhg khwhurjhqhlw|
+Pdjqdf/ 4<<9, ru ehwzhhq gxudwlrq ghshqghqfh dqg xqrevhuyhg khwhurjhqhlw| +vhh
ydq ghq Ehuj dqg ydq Rxuv/ 4<<9,1

Ilwwlqj lq wklv odvw iudphzrun ri dqdo|vlv/ wklv sdshu irfxvhv rq wkh h�hfwv ri
lqglylgxdo/ idplo|/ fdohqgdu wlph dqg rwkhu idfwruv rq wkh xqhpsor|phqw gxudwlrqv ri
|rxqj shuvrqv dqg/ dw wkh vdph wlph/ wulhv wr dvvhvv wkhlu gl�huhqwldo h�hfwv ehwzhhq
phq dqg zrphq1 Pruhryhu lw dlpv dw fkhfnlqj li khwhurjhqhlw| ehwzhhq wkh |rxwk lv
dw wkh ruljlq ri gl�huhqw frqglwlrqv wr dffhvv wr wkh oderxu pdunhw1

Wkh hpslulfdo dqdo|vlv xvhv wkh phwkrg glvfxvvhg lq Suhqwlfh dqg Jorhfnhu +4<:;,1
Wzr glvfuhwh0wlph +jurxshg gxudwlrq gdwd, sursruwlrqdo kd}dug uhjuhvvlrq prghov
kdyh ehhq hvwlpdwhg1 Wkh| duh= +4, wkh Suhqwlfh0Jorhfnhu +4<:;, prgho> dqg +5,
wkh Suhqwlfh0Jorhfnhu +4<:;, prgho wkdw lqfrusrudwhv d jdppd pl{lqj glvwulexwlrq
wr fdswxuh xqrevhuyhg lqglylgxdo khwhurjhqhlw|/ dv vxjjhvwhg lq Ph|hu +4<<3,1 Wkh
h{srvlwlrq ri wkh prghov gudzv rq Vwhzduw +4<<9, dqg Mhqnlqv +4<<:,1

Wkh sdshu lv rujdql}hg dv iroorzv1 Wkh qh{w vhfwlrq suhvhqwv vrph ihdwxuhv ri
wkh Iuhqfk oderxu pdunhw1 Vhfwlrq 6 ghvfulehv wkh vdpsoh dqg wkh gdwd xvhg iru wkh
dqdo|vlv/ lq dgglwlrq vrph ghvfulswlyh vwdwlvwlfv duh suhvhqwhg lq rughu wr jlyh d jhqhudo
lghd ri wkh dydlodeoh lqirupdwlrq1 Phwkrgv ri hvwlpdwlrq duh suhvhqwhg lq vhfwlrq 71
Vhfwlrq 8 zloo eh ghyrwhg wr d glvfxvvlrq ri wkh pdlq �qglqjv1 Vrph frqfoxvlrq duh

4Vhh iru lqvwdqfh Erqqdo dqg Irxjëuh/ 4<<3> Ioruhqv/ Jhudug0Yduhw dqg Zhutxlq/ 4<;;> Wkìorw/

4<;;> Fdvhv dqg Oroolylhu/ 4<<61
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gudzq lq vhfwlrq 91

51 Wkh \rxwk Iuhqfk Oderxu Pdunhw

Lq Iudqfh gxulqj wkh wzhqw| odvw |hduv wkh �jkw djdlqvw |rxqj shrsoh xqhpsor|phqw
kdv ehfrph rqh ri wkh wrs sulrulw| ri doo wkh jryhuqphqwv1 Wkh xqhpsor|phqw ri wkh
|rxwk lv lqghhg qrw ghvludeoh erwk iurp dq hfrqrplf dqg vrfldo srlqw ri ylhz1 Lq
prvw fdvhv wkh |rxqj xqhpsor|hg gr qrw kdyh dq| h{shulhqfh rq wkh oderxu pdunhw
dqg wkhlu h{foxvlrq iurp wklv rqh/ lv olnho| erwk wr uhgxfh wkh kxpdq fdslwdo dqg
nqrzohgjh wkh| dftxluhg gxulqj wkhlu vwxglhv1

Vlqfh 4<;6 wkh xqhpsor|phqw udwh ri wkh |rxwk vhogrp kdv ehhq ehorz wkh 53(
ohyho hyhq li lw nqhz d voljkw idoo lq 4<;91 Dw wkh hqg ri 4<<8 lw uhdfkhg 5:16( ri wkh
dfwlyh srsxodwlrq/ dqg <1:( ri wkh srsxodwlrq djhg 48058 +Hxurvwdw/ 4<<:,1

Rwkhu frxqwulhv nqrz vxfk d vlwxdwlrq1 Xqhpsor|phqw dprqj wkh xqghu 58v
udqjhg iurp 819( lq Dxvwuld/ wr 6615(/ 6;15( dqg 75( uhvshfwlyho| lq Lwdo|/ Ilqodqg
dqg Vsdlq +Hxurvwdw/ 4<<:,1

^Wdeoh 5=4`

Shuvlvwhqfh lq Iudqfh ri d vxfk kljk xqhpsor|phqw udwh ri wkh |rxqj shrsoh lv doo
wkh pruh dvwrqlvklqj vlqfh wkhlu udwh ri vfkrrolqj glg qrw vwrs lqfuhdvlqj wkhvh odvw
|hduv15 Shrsoh kdylqj qr txdol�fdwlrq sdvvhg iurp 7<1;( ri wkh srsxodwlrq lq 4<95
wr 54( lq 4<<3/ wkh qxpehu ri wkrvh kdylqj d edffdodxuìdw 0EDF0 udlvhg iurp 81;(
lq 4<95 wr 4614( lq 4<<3 dqg �qdoo| wkh vkduh ri wkrvh kdylqj d ohyho ri hgxfdwlrq
kljkhu wkdq wkh EDF udlvhg iurp 51:( lq 4<95 wr 4815( lq 4<<3 +Euxqr dqg Fd}hv/
4<<:,1

Pruhryhu rq wkh rqh kdqg gxulqj wkh vdph shulrg pdq| dqg glyhuvl�hg srolflhv
dqg vxssohphqwdu| surjudpv zhuh frqfhlyhg wr pdnh wkh lqvhuwlrq ri wkh |rxwk rq wkh
oderxu pdunhw hdvlhu6 1 Rq wkh rwkhu kdqg ghprjudsklf uhdvrqv glg qrw frqwulexwh
wr lqfuhdvh xqhpsor|phqw ri wkh |rxqj shrsoh/ lqghhg wkh wrwdo srsxodwlrq ri wkh
|rxwk uhodwlyh wr wkh ryhudoo srsxodwlrq kdyh ehhq dssuhfldeo| ghfuhdvlqj vlqfh wkh
ehjlqqlqj ri wkh Vhyhqwlhv1

Lw vhhpv krzhyhu wkdw xqhpsor|phqw lv doprvw dq reoljhg vwhs iru wkh pdmrulw| ri
wkh |rxwk frplqj rxw ri wkh vfkrrolqj v|vwhp/ wkh gluhfw dffhvv wr hpsor|phqw ehlqj
lqfuhdvlqjo| uduh1

Dv wr wkh frpsrvlwlrq ri |rxqj shrsoh xqhpsor|phqw/ lw pxvw eh qrwlfhg wkdw wkh
kljkhu vkduh lq lw lv uhsuhvhqwhg e| qrq0txdol�hg shuvrqv dv vkrzq lq wkh iroorzlqj
wdeoh1

^Wdeoh 5=5`

Qhyhuwkhohvv wkh qxpehu ri txdol�hg |rxqj shrsoh dv zhoo dv wkhlu vkduh lq xqhp0
sor|phqw gr qrw fhdvh jurzlqj dv looxvwudwhg lq wdeoh 515 phdqlqj wkdw wkh| hqfrxqwhu
d orw ri gl!fxowlhv wrr/ wr hqwhu wkh oderxu pdunhw1 Wklv pd| eh gxh rq wkh rqh kdqg
wr wkh idfw wkdw wkh oderxu pdunhw ghpdqg iru txdol�hg shrsoh kdv qrw jurzq lq d
zd| vx!flhqw wr devrue wkh lqfuhdvlqj  rz ri txdol�hg |rxqj shrsoh1 Rq wkh rwkhu

5Wkh vkduh ri 4;0|hduv rog lq hgxfdwlrq dqg qrq0dfwlyh/ dwwdlqhg lq 4<<8 lq Iudqfh ;7( +Hxurvwdw/
4<<:,1

6Iru d v|qwkhvlv ri srolflhv dqg wkhlu klvwru| vhh Erqqdo/ Irxjëuh dqg Vhudqgrq/ 4<<:> Ohfkhqh
dqg Pdjqdf/ 4<<81
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kdqg wr wkh lqdghtxdf| ehwzhhq wkh wudlqlqj dqg vfkrrolqj v|vwhp dqg wkh uhdo qhhgv
ri wkh Hfrqrp| +Vqhhvvhqv/ 4<<7,1

Vwloo lw vkrxog eh vwuhvvhg wkdw |rxqj shrsoh riwhq nqrz �{hg whup frqwudfwv
lqwhuvhfwhg zlwk xqhpsor|phqw vshoov= wkh gl!fxow| ri �qglqj d vwdeoh mre lv wkhq
dqrwkhu fkdudfwhulvwlf ri wkh vlwxdwlrq ri wkh |rxqj shrsoh rq wkh oderxu pdunhw1
Wklv lv looxvwudwhg e| wkh idfw wkdw dyhudjh xqhpsor|phqw gxudwlrqv duh orzhu iru wkh
|rxwk wkdq iru wkh dgxowv zkhuhdv wkh fxpxodwhg gxudwlrqv duh kljkhu iru wkh iruphu
+Euxqr dqg Fd}hv/ 4<<:,1

61 Wkh vdpsoh dqg wkh yduldeohv

6141 Wkh gdwd edvh

Dydlodeoh gdwd iru wkh dqdo|vlv ri xqhpsor|phqw gxudwlrqv frph iurp erwk wkh �Hq0
txíwh Hpsorl� 4<<30<5 dqg d vshfldo vxuyh| +ohg lq 4<<5, wkdw uhsruwv vrph dgglwlrqdo
lqirupdwlrq rq wkh |rxqj shrsoh1 Wklv odwwhu vxuyh| wdnhv wkh qdph ri �Prgxoh Mh0
xqhv�1 Erwk vxuyh|v zhuh fduulhg rxw e| wkh Lqvwlwxw Qdwlrqdo gh od Vwdwlvwltxh hw ghv

Hwxghv Hfrqrpltxhv +LQVHH1,1
Gdwd frph iurp d uhwurvshfwlyh vxuyh|/ lqghhg wkh gdwd vrxufh lv d elrjudsklfdo

lqyhvwljdwlrq zkhuh dw wkh wlph ri wkh lqwhuylhz rqh hqghdyruv uhwurvshfwlyho| wr uhfdoo
wkh wudmhfwru| ri dq lqglylgxdo1 Wklv zd| ri dfwlqj kdv vxuho| wkh dgydqwdjh wr doorz
wr uhfdoo orqj klvwrulhv/ exw kdv dovr d pdmru glvdgydqwdjh= wkh odfn ri phpru| ri wkh
txhvwlrqhg lqglylgxdov pd| jhqhudwh huuruv lq wkh revhuydwlrqv dqg e| wkhuh surklelw
yhu| suhflvh revhuydwlrqv17

Lq wklv vxuyh| 756: krxvhkrogv duh suhvhqw dw doo wkh gdwhv/ pruhryhu dq lqglylgxdo
djhg ehwzhhq 4; dqg 5< lq 4<<5 kdv wr ehorqj wr wkhp1 Wkhvh |rxqj shuvrqv duh
lqwhuylhzhg rq wkhlu rffxsdwlrqdo klvwrulhv vlqfh wkh| zhuh 49/ dqg wkh| duh dvnhg wr
jlyh pruh ghwdlov derxw idplo| dqg lqglylgxdo vwdwxv1 Lqwhuylhzv zhuh fduulhg rxw rq
wkuhh gdwhv= Mdqxdu| <3/ Pdufk <4 dqg Pdufk <51 Wkh dydlodeoh vdpsoh lv pdgh ri
8;57 |rxqj lqglylgxdov1

Wkh �Hqtxíwh Hpsorl� uhfrugv wkh vlwxdwlrq ri wkh lqglylgxdo dw wkh gdwh ri wkh
vxuyh| dqg/ pruhryhu/ klv2khu sulqflsdo rffxsdwlrq/ rq d prqwko| edvlv/ lq wkh suh0
ylrxv |hdu1 Lqglylgxdov* vwdwxwhv duh wkhq uhexlow ryhu wkh shulrg jrlqj iurp Mdqxdu|
4<;< wr Pdufk 4<<58 1 Wkh �Prgxoh Mhxqhv� dovr uhsruwv wkh pdlq rffxsdwlrq9 ri wkh
|rxwk vlqfh wkh| zhuh 49 wloo Ghfhpehu 4<;;1

Gdwd duh pxowlvwdwhv dqg pxowlhslvrghv1 E| pxowlvwdwh/ rqh xqghuvwdqgv gdwd
zklfk surylgh lqirupdwlrq rq wkh zkroh wudmhfwru| ri wkh lqglylgxdov rq wkh oderxu
pdunhw gxulqj wkh revhuydwlrq shulrg= lqglylgxdov fdq wkxv sdvv wkurxjk ydulrxv
vwdwhv1 Vl{ vwdwhv duh glvwlqjxlvkhg lq wkh gdwd edvh1 Wkh| duh= 41Shupdqhqw Hpsor|0
phqw/ 51Il{hg Whup Hpsor|phqw/ 61Wudlqlqj/ 71Xqhpsor|phqw/ 81Hgxfdwlrq/ 91Rxw
ri wkh oderxu irufh1 Zlwk wkh whup pxowlhslvrgh lw lv phdqw wkdw wkh lqglylgxdo fdq
nqrz vhyhudo hslvrghv ri wkh vdph w|sh +iru h{dpsoh kh2vkh fdq kdyh h{shulhqfhg
ydulrxv xqhpsor|phqw vshoov ryhu wkh revhuydwlrq shulrg,1

7Vhh Irxjëuh/ Ioruhqv/ Ndplrqnd dqg Prxfkduw +4<<8,> Pdjqdf dqg Ylvvhu +4<<9,1
8Iru d frpphqw rq wkh frkhuhqfh ghjuhh ehwzhhq lqirupdwlrq lq wkh �Prgxoh Mhxqhv� dqg wkh

�Hqtxíwh Hpsorl� vhh Pdjqdf/ 4<<81
9Zkhuh rqh xqghuvwdqgv e| �pdlq rffxsdwlrq� wkh orqjhvw hslvrgh vshqw lq d sduwlfxodu vwdwh

ri wkh oderxu pdunhw ryhu d jlyhq shulrg= iru wkh Hqtxíwh Hpsorl lw lv rqh prqwk/ iru wkh Prgxoh
Mhxqhv lw lv rqh |hdu1
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Wr irup wkh vdpsoh xvhg lq wkh hpslulfdo dqdo|vlv rqo| wkh lqglylgxdov zkr kdyh
h{shulhqfhg dw ohdvw rqh xqhpsor|phqw vshoo kdyh ehhq vhohfwhg1 Wklv vhohfwlrq wxuqv
rxw lq d vdpsoh ri 546: xqhpsor|phqw vshoov/ 43:< ri zklfk h{shulhqfhg e| |rxqj
phq dqg 438; e| wkh |rxqj zrphq/ lqglylgxdov ehlqj uhvshfwlyho| 9<7 +phq, dqg 9;8
+zrphq,1 Wkh glvwulexwlrq ri wkh xqhpsor|phqw vshoov e| jhqghu lv uhsruwhg lq wkh
iroorzlqj wdeoh1

^Wdeoh 6=4`

L kdyh wkxv wdnhq dv xqlw ri dqdo|vlv xqhpsor|phqw vshoov udwkhu wkdq lqglylgxdov1
Wklv dprxqwv wr pdnh wkh lpsolflw dvvxpswlrq wkdw pxowlsoh gxudwlrqv ri wkh vdph
lqglylgxdo duh lqghshqghqw iurp hdfk rwkhu1

Lw lv dvvxphg wkdw rqh vshoo hqgv zkhq wkh lqglylgxdo ohdyhv wkh vwdwh kh rffx0
slhv wr hqwhu dqrwkhu rqh +iru lqvwdqfh dq xqhpsor|hg lqglylgxdo fdq �qg d vwdeoh
hpsor|phqw/ iroorz d wudlqlqj frxuvh/ hwf1, rwkhuzlvh wkh vshoo lv uljkw fhqvruhg1 Lq
hfrqrphwulf gxudwlrq prghov uljkw fhqvrulqj lv xvxdoo| prghoohg wkurxjk d gxpp|
yduldeohv wkdw wdnhv rq wkh ydoxh 4 li dq h{lw lv revhuyhg dqg 3 rwkhuzlvh1

Gxh wr phwkrgrorjlfdo uhdvrqv ohiw0fhqvruhg vshoov: kdyh ehhq glvfdughg iurp wkh
vdpsoh1

6151 Suholplqdu| ghvfulswlrq ri wkh vdpsoh

Lq wkh Prgxoh Mhxqhv ydulrxv ghwdlohg lqirupdwlrq rq wkh |rxqj shrsoh duh dydlodeoh1
Uhodwlyh wr idplo| fkdudfwhulvwlfv lw lv nqrzq iru h{dpsoh li wkh prwkhu dqg wkh idwkhu
zhuh xqnqrzq/ li wkh| glhg/ li wkh| glyrufhg/ wkhlu ohyho ri hgxfdwlrq wkh qdwlrqdolw| ri
wkh idwkhu/ wkh qxpehu ri eurwkhuv dqg vlvwhuv1 Dv wr wkh lqglylgxdo idfwruv/ rqh nqrzv
wkh djh ri wkh |rxqj shrsoh/ wkhlu ohyho ri hgxfdwlrq/ li wkh| kdg khdowk sureohpv lq
wkh fklogkrrg/ hwf1 Xqoxfnlo| gdwd rq ehqh�wv dqg lqfrphv duh qrw dydlodeoh lq wkh
gdwd edvh vr wkdw wkh| fdq qrw eh xvhg lq wklv vwxg|1

Wr vwxg| wkh gl�huhqwldo h�hfwv ri wkhvh idfwruv rq phq dqg zrphq*v gxudwlrqv/ L
kdyh shuiruphg wkh hvwlpdwlrqv vhsdudwho| rq wkh wzr vxejurxsv* gxudwlrqv1

Wr vxppdul}h wkh yduldeohv xvhg lq wkh hpslulfdo dqdo|vlv/ dqg wr jlyh d suholp0
lqdu| lghd rq wkh lqirupdwlrq dydlodeoh lq wkh vxuyh| vrph ghvfulswlyh vwdwlvwlfv duh
uhsruwhg lq wkh iroorzlqj wdeoh1

^Wdeoh 6=5`

Wkh dyhudjh xqhpsor|phqw gxudwlrq ri doo phq*v vshoov lv htxdo wr 8169 prqwkv/
zkloh wkh dyhudjh gxudwlrq ri rqo| frpsohwhg vshoov +iru zklfk wkh fhqvrulqj lqglfdwru
wdnhv wkh ydoxh 4, lv htxdo wr 718< prqwkv1 Uhodwlyh wr wkh vdpsoh ri zrphq lw pxvw
eh qrwlfhg wkdw wkh dyhudjh gxudwlrq ri doo vshoov lv htxdo wr 91:< prqwkv/ zkloh wkh
dyhudjh xqhpsor|phqw gxudwlrq ri wkh vroh frpsohwhg vshoov lv htxdo wr 81<5 prqwkv1
Lw vkrxog wkhq eh vwuhvvhg wkdw wkh dyhudjh gxudwlrq ri xqhpsor|phqw vshoov lv kljkhu
iru zrphq wkdq iru phq1

Dq|zd| lw pxvw eh qrwlfhg wkdw wkh frpsxwdwlrq ri wkh dyhudjh gxudwlrq ri dq
hslvrgh ri xqhpsor|phqw qhjohfwv wkh idfw wkdw d sduw ri wkh xqhpsor|phqw vshoov
+dqg suhflvho| wkrvh wkdw duh vwloo lq kdqg dw wkh hqg ri wkh vxuyh|, duh uljkw0fhqvruhg
vr wkdw wkhlu uhdo gxudwlrq lv qrw nqrzq1 Wklv ohdgv wkhq wr xqghuhvwlpdwh wkh dyhudjh
xqhpsor|phqw gxudwlrqv/ iru wklv uhdvrq wkh xvh ri wkh phgldq gxudwlrq frpsxwhg

:Wkdw lv wr vd| vshoov wkdw zhuh lq kdqg lq Mdqxdu| 4<;< +dw wkh ehjlqqlqj ri wkh vxuyh|,1
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xvlqj wkh Ndsodq0Phlhu hvwlpdwru lv olnho| wr eh pruh dssursuldwh1 Lw lv htxdo wr 71:9
prqwkv iru phq dqg wr 918< prqwkv iru zrphq1

71 Phwkrgv ri hvwlpdwlrq

7141 Lqwurgxfwlrq

Wkh hpslulfdo dqdo|vlv lq wklv sdshu xvhv wkh kd}dug ixqfwlrq1 Wkh kd}dug udwh uhsuh0
vhqwv wkhq wkh lqvwdqwdqhrxv suredelolw| ri ohdylqj d sduwlfxodu vwdwh +khuh xqhpsor|0
phqw, dw wlph w frqglwlrqdo wr qrw kdylqj ohiw wloo wkh prphqw lpphgldwho| ehiruh; 1

Ehiruh shuiruplqj wkh pxowlyduldwh dqdo|vlv/ xqhpsor|phqw gxudwlrqv ri phq dqg
zrphq kdyh ehhq frpsduhg xvlqj wkh Ndsodq0Phlhu +4<8;, vxuylydo udwh1 Wkh udwh
ri kd}dug ri wkh wzr jurxsv kdv dovr ehhq hvwlpdwhg xvlqj olih wdeohv phwkrg dv lq
Nudndxhu dqg Vwhzduw +4<<4,1 Erwk wkhvh hvwlpdwruv duh qrq0sdudphwulf1

Wkhvh hvwlpdwhv pd| khos wr kdyh d suholplqdu| lghd rq wkh vkdsh ri wkh kd}dug
ixqfwlrq exw wkh| gr qrw surylgh yhu| suhflvh lqirupdwlrq gxh wr wkh qrq frqwuro ri
rwkhu fruuhodwhg yduldeohv1 Lw zrxog eh srvvleoh wr frqwuro iru wkh revhuyhg gl�huhqfhv
dprqj lqglylgxdov e| shuiruplqj hvwlpdwlrqv iru hdfk vxejurxsv1 Vdpsoh vl}h iru
hdfk vxejurxs hdvlo| ehfrphv wrr vpdoo wr |lhog dq| urexvw hvwlpdwhv1

7151 D glvfuhwh0wlph kd}dug prgho

Wkh prgho xvhg wr uhsuhvhqw wkh frqglwlrqdo suredelolw| ri ohdylqj xqhpsor|phqw
lv ri wkh sursruwlrqdo kd}dug irup +Fr{/ 4<:5,1 Pruh suhflvho| lw lv d glvfuhwh0wlph
+jurxshg gxudwlrq gdwd, kd}dug prgho dv lq Suhqwlfh dqg Jorhfnhu +4<:;,1

Wkh frqwlqxrxv sursruwlrqdo kd}dug ixqfwlrq zulwhv

�+wm{l, @ �3+w, h{s+[
3�,

Wkh kd}dug ixqfwlrq lv wkxv uhodwhg wr d vhw ri h{sodqdwru| yduldeohv [/ wkdw pd|
eh hlwkhu wlph0lqyduldqw ru wlph0ghshqghqw/ dqg wr wkh �edvholqh� kd}dug udwh �3+w,=
Wkh pdlq ihdwxuh ri wklv prgho lq frqwudvw wr sdudphwulf prghov/ lv wkdw wkh edvholqh
kd}dug lv qrw frqvwudlqhg wr ehorqj wr d vshfl�hg sdudphwulf idplo|/ lv lqghhg duelwudu|
dqg qrw fkrvhq d sulrul1<

Lq wkh deryh irupxodwlrq lw kdv ehhq dvvxphg wkdw wlph lv d yduldeoh wkdw fdq
eh revhuyhg lq d frqwlqxrxv zd|1 Dowkrxjk wkh prghov lq frqwlqxrxv wlph fdq riwhq
uhsuhvhqw d uhdvrqdeoh k|srwkhvlv/ lq wkh uhdolw| wlph lv prvwo| revhuyhg lq glvfuhwh
xqlwv +iru lqvwdqfh gxudwlrqv duh uhsruwhg prqwko|,1 Wkh xvh ri glvfuhwh0wlph prghov
lv wkhq olnho| wr eh pruh fruuhfw1

Rqh ri wkh pdlq dgydqwdjhv ri wkh prgho ri Suhqwlfh dqg Jorhfnhu +4<:;, lv wkdw lw
surylghv frpsxwdwlrqdoo| ihdvleoh hvwlpdwru hyhq lq suhvhqfh ri pdq| wlhv +l1h1 htxdo
gxudwlrqv iru gl�huhqw revhuydwlrqv, dqg lw doorzv hdvlo| wr lqwurgxfh lq wkh dqdo|vlv
dv zhoo wlph0ydu|lqj fryduldwhv dv xqrevhuyhg khwhurjhqhlw|1

Ohw xv vxssrvh wkdw gxudwlrq gdwd duh jurxshg lq m lqwhuydov zlwk wkh m � wk

lqwhuydo gh�qhg dv ^dm�4> dm `1 Wkh kd}dug lq wkh m � wk lqwhuydo lv gh�qhg lq whupv ri
wkh vxuylyru ixqfwlrq dv +vhh Mhqnlqv/ 4<<:,

;Iru d ghvfulswlrq ri wrrov xvhg lq hfrqrphwulf gxudwlrq prghov vhh Fr{ dqg Rdnhv +4<;7,/
Ndoe hlvk dqg Suhqwlfh +4<;3,1 Vhh dovr Nlhihu +4<;;,/ Eorvvihog/ Kdphuoh dqg Pd|hu +4<;<,/ Odq0
fdvwhu +4<<3,/ Ioruhqv/ Irxjëuh dqg Prxfkduw +4<<9,1

<Wr frpsduh wkh uhvxowv rewdlqhg zkhq lpsrvlqj d vshfl�f vkdsh wr wkh kd}dug ixqfwlrq vhh
G*Dgglr +4<<9/ 4<<:,1
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km+[lw, � SuiW 5 ^dm�4> dm,mW � dm�4j @ 4�
V+dm >[lm,

V+dm�4>[lm�4,

Li wkh fryduldwhv duh frqvwdqw zlwklq hdfk lqwhuydo wkh vxuylyru ixqfwlrq zulwhv=

V+dm > [l, @ h{si� h{s+[
3

l� . �m,j

zkhuh

�m @ oq

] dm

dm�4

�3+x,gx=

Wkh V+dm > [l, kdv wkh irup ri wkh vxuylyru ixqfwlrq ri dq H{wuhph Ydoxh udqgrp
yduldeoh1 Wkh �m +m @ 4> ==> n, fdq eh wuhdwhg dv sdudphwhuv wr eh hvwlpdwhg dorqj zlwk
� +Vwhzduw/ 4<<9,1

Wkh vdpsoh orj0olnholkrrg fdq eh zulwwhq lq whupv ri wkh kd}dug ixqfwlrq +Mhqnlqv/
4<<:,

orjO @
q[

l@4

+
�l orj

+
kwl+[lwl,

wl�4\
v@4

^4� kv+[lv,`

,
. +4� �l, orj

+
wl\

v@4

^4� kv+[lv,`

,,

zkhuh lw kdv ehhq dvvxphg +wr vlpsoli| qrwdwlrq, wkdw doo lqwhuydov duh ri xqlw ohqjwk
+Mhqnlqv/ 4<<:> Vwhzduw/ 4<<9, vr wkdw wkh gxudwlrq iru hdfk shuvrq l fruuhvsrqgv
wr wkh lqwhuydo ^wl � 4> wl` > �l lv wkh fhqvrulqj lqglfdwru wkdw zloo wdnh wkh ydoxh 4 iru
frpsohwhg vshoov dqg 3 iru uljkw0fhqvruhg vshoov1 Wkh qxpehu ri lqwhuydov frpsulvlqj
d vshoo lv gh�qhg wr lqfoxgh wkh odvw lqwhuydo zlwklq zklfk wkh shuvrq lv revhuyhg143

Wkxv d uhfrughg ydoxh ri wl lpsolhv Wl � wl li �l @ 3 +Vwhzduw/ 4<<9,1
Wkh glvfuhwh0wlph kd}dug lq wkh m � wk lqwhuydo lv jlyhq e|=

km+[lm, @ 4� h{s^� h{s+[
3

lm� . �m,` +714,

Lq wkh hpslulfdo dqdo|vlv �m lv frqvwdqw zlwklq wzr prqwkv lqwhuydov xs wr wkh
59wk prqwk dqg frqvwdqw wkhuhdiwhu1 Wklv vshfl�fdwlrq ri wkh edvholqh kd}dug kdv
ehhq fkrvhq rq wkh rqh kdqg ehfdxvh wkh qxpehu ri vshoo frpsohwhg lq wkh odvw
gxudwlrq lqwhuydov lv yhu| olwwoh/ rq wkh rwkhu kdqg ehfdxvh lw doorzv d fhuwdlq ghjuhh
ri  h{lelolw| dv wr gxudwlrq ghshqghqfh vshfl�fdwlrq144

Glvfuhwh kd}dug prghov kdyh dq dsshdolqj uhodwlrqvkls wr elqrpldo prgho dv do0
uhdg| qrwlfhg lq Doolvrq +4<;5,/ Nlhihu +4<<3, dqg Mhqnlqv +4<<8,1 Hdfk lqglylgxdo ru
hdfk vshoo pd| eh vhhq dv frqwulexwlqj nl revhuydwlrqv/ rqh iru hdfk lqwhuydo m hqwhuhg1
Wklv dprxqwv wr irup d vdpsoh ri vl}h Q @

S
l nl revhuydwlrqv1 Wkhq d qhz lqglfdwru

yduldeoh |lw @ 3 lv gh�qhg iru doo vshoo prqwkv> iru h{lwhuv |lw @ 3 iru doo prqwkv
h{fhsw iru wkh rqh lq zklfk wkh vshoo lv frpsohwhg +Mhqnlqv/ 4<<8,1 Iru lqvwdqfh d
frpsohwhg vshoo ri 6 prqwkv frqwulexwhv d vhtxhqfh ri wkuhh revhuydwlrqv frghg 3/3/41
Wkh orj0olnholkrrg fdq eh uhzulwwhq dv=

orjO @
q[

l@4

wl[

m@4

i|lm orjkm+[lm, . +4� |lm, orj^4� km+[lm,`j

43 vhh Vwhzduw +4<<9,/ Mhqnlqv +4<<:,1
44 vhh Kxmhu/ Pdxuhu dqg Zhooqhu +4<<9,1
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wkdw lv wkh orj0olnholkrrg iru wkh uhjuhvvlrq ri glfkrwrprxv ghshqghqw yduldeohv1 Pruh
sduwlfxoduo| wkh orj0olnholkrrg lv wkh vdph dv wkh rqh iru d jhqhudol}hg olqhdu prgho
ri wkh elqrpldo idplo| zlwk frpsohphqwdu| orj0orj olqn +vhh Doolvrq/ 4<;5> Mhqnlqv/
4<<8,1 Lqghhg wkh deryh htxdwlrq +714, pd| eh vroyhg wr |lhog wkh vr0fdoohg frpsoh0
phqwdu| orj0orj ixqfwlrq=

orj ^� orj+4� km,` @ �m .[3

lm�

zkhuh � lv wkh vdph dv lq

orj �+wm[l, @ orj �3+w, . +[3

l�,

Wklv lpsolhv wkdw glvfuhwh0wlph hvwlpdwhv edvhg rq +714, duh dovr hvwlpdwhv ri wkh
xqghuo|lqj frqwlqxrxv0wlph prgho +vhh Doolvrq/ 4<;5,1

7161 D glvfuhwh0wlph kd}dug prgho zlwk xqrevhuyhg khwhurjhqhlw|

D sulrul/ lw lv yhu| lpsruwdqw wr hvwlpdwh wkh kd}dug ixqfwlrq rq krprjhqhrxv srs0
xodwlrqv1 Lq wkh prgho suhvhqwhg deryh lw lv dvvxphg wkdw doo wkh gl�huhqfhv h{lvwlqj
dprqj lqglylgxdov fdq eh h{sodlqhg e| wkh vhw ri fryduldwhv/ wkdw lv wr vd| e| wkh vhw
ri revhuyhg fkdudfwhulvwlfv1 Lq wkh uhdolw|/ lw lv qrw srvvleoh wr revhuyh doo wkh idfwruv
vxlwdeoh iru gl�huhqwldwh lqglylgxdov1 Wkhvh fkdudfwhulvwlfv/ wkdw duh qrw revhuyhg/
wdnh wkh qdph ri �xqrevhuyhg khwhurjhqhlw|�1 Dv lw kdv ehhq qrwlfhg lq ydulrxv vwxg0
lhv +vhh Hoehuv dqg Ulgghu/ 4<;5, wkh odfn ri frqwuro iru khwhurjhqhlw| pd| ohdg wr
vsxulrxv gxudwlrq ghshqghqfh dqg wr eldv lq wkh sdudphwhu hvwlpdwhv ri wkh kd}dug
ixqfwlrq1 Lqghhg li wkh srsxodwlrq lv pdgh ri jurxsv zlwk gl�huhqw glvwulexwlrq ri
gxudwlrq/ wkh ulvn lv wr vkrz d idovh ghfuhdvh lq wkh kd}dug ixqfwlrq +Jrxulhurx{/
Sudgho/ Irxujhdxg/ 4<<3,1

Lq wkh Pl{hg Sursruwlrqdo Kd}dug prgho d udqgrp yduldeoh lv lqwurgxfhg wr fds0
wxuh xqrevhuyhg khwhurjhqhlw|1 Wkh xvxdo zd| wr gr wklv lv wr vshfli| +vhh Ph|hu/
4<<3/4<<8> Vwhzduw/ 4<<9> Mhqnlqv/ 4<<:,

�l+wm{> %, @ �3+w,%l h{s^[
3�` @ �3+w, h{s^[

3� . orj+%l,`

zkhuh %l lv d srvlwlyh0ydoxhg udqgrp yduldeoh zlwk ghqvlw| i%+%,= Li % lv dvvxphg wr
kdyh �qlwh phdq/ lw fdq eh dvvxphg wkdw H+%, @ 4= +Vwhzduw/ 4<<9,

Wkh Vxuylyru ixqfwlrq frqglwlrqdo rq % lv qrz

V+wm{> %, @ h{s
�
�% h{s+[3� . �m,

�

dqg wkh xqfrqglwlrqdo lv

V+wm{> %, @

]
4

3

h{s
�
�% h{s

�
[3� . �m

��
i%+%,g%

D fkrlfh ri ghqvlw| iru % lv wkhq uhtxluhg wr hqdeoh wkh fdofxodwlrq ri wkh orj0olnholkrrg1
Dq lqwuljxlqj sureohp wkdw udlvhv zkhq prghoolqj xqrevhuyhg khwhurjhqhlw| lv uh0

odwhg wr wkh fkrlfh ri lwv glvwulexwlrq +vhh Khfnpdq dqg Vlqjhu/ 4<;7> Qduhqgudqdwkdq
dqg Vwhzduw/ 4<<6> Vwhzduw/ 4<<9,1 Wkh prvw frpprqo| xvhg sdudphwulf pl{lqj
glvwulexwlrq vlqfh Odqfdvwhu +4<:<, kdv ehhq wkh Jdppd glvwulexwlrq/ sulpdulo| iru
pdwkhpdwlfdo frqyhqlhqfh1 Wklv glvwulexwlrq kdv ehhq xvhg lq wklv vwxg|1
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Lwv ghqvlw| lv jlyhq e|

i%+%, @
�

�+�,
+�%,��4 h��%

zkhuh

� +�, @

]
4

3

{��4h�{g{

Wkh h{shfwhg ydoxh dqg wkh yduldqfh ri d jdppd glvwulexwhg udqgrp yduldeoh duh

H+%, @
�

�
> dqg Y du+%, @

�

�5

Lq rughu wr phhw wkh dvvxpswlrq H+%, @ 4 lw pxvw eh � @ � dqg wkhq

i%+%, @
�

�+�,
+�%,��4 h��%

dqg Y du+%, @ �5 @ ��4=

Wkh Vxuylyru ixqfwlrq fdq eh zulwwhq dv

V+wm{, @
�
4 . �5 h{s

�
[3� . �m

��� 4

�
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dqg wkh glvfuhwh0wlph kd}dug ixqfwlrq lq wkh m � wk lqwhuydo lv jlyhq e|

km+[lm, @ 4� h{s
q
� h{s+[

3

lm� . �m . orj+%l,
r

Wkh orj0olnholkrrg +Mhqnlqv/ 4<<:, zulwhv

orjO @
q[
l@4

orj i+4� �l,Dl . �lElj

zkhuh +Mhqnlqv/ 4<<:,

Dl @ 4 . �5
wl[

m@4

h{s
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lm� . �m
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�

4

�5

�Dl li wl A 4

4�Dl li wl @ 4

�l lv wkh fhqvrulqj lqglfdwru wkdw wdnhv rq ydoxh 4 iru frpsohwhg vshoov dqg 3 rwkhuzlvh/
�m lv wkh gxudwlrq sdudphwhu/ �5 lv wkh yduldqfh ri wkh jdppd0glvwulexwhg udqgrp
yduldeoh dv vxsud gh�qhg1

81 Ghwhuplqdqwv ri \rxwk Xqhpsor|phqw Gxudwlrqv

8141 Vrph Suholplqdu| Lqglfdwlrqv

Xqhpsor|phqw gxudwlrqv uhvshfwlyho| ri |rxqj phq dqg zrphq kdyh ehhq lqlwldoo|
frpsduhg xvlqj wkh Ndsodq0Phlhu +Ndsodq dqg Phlhu/ 4<8;, vxuylydo udwhv dv vkrzq
lq wkh iroorzlqj judsk

<



^Ilj= 8=4`

D orj0udqn whvw +Pdqwho/ 4<99, kdv ehhq shuiruphg wr frpsduh wkh vxuylyru ixqf0
wlrqv ri wkh wzr jurxsv1 Wklv whvw lv edvhg rq wkh dvvxpswlrq wkdw wkh vxuylyru
ixqfwlrqv ri wkh vxejurxsv wr eh dqdo|}hg gr qrw gl�hu dqg duh dv|pswrwlfdoo| "5

glvwulexwhg zlwk n � 4 ghjuhhv ri iuhhgrp/ n ehlqj wkh qxpehu ri vxejurxsv1 Wkh
orj0udqn vwdwlvwlf vwuhvvhv wkh gl�huhqfhv ehwzhhq wkh wzr jurxsv/ lw lv vljql�fdqw zlwk
wkh ydoxh ri 59198 dqg rqh ghjuhh ri iuhhgrp +vljql�fdqfh ohyho 3138,1

Wkh qrq0sdudphwulf kd}dug udwh ri wkh wzr jurxsv kdv ehhq sorwwhg lq Ilj1 8151
Wkh kd}dug ixqfwlrq jlyhv vrph lqglfdwlrqv ri qrq0prqrwrqlflw|1 Krzhyhu wkh urxjk0
qhvv ri wkh gdwd grhv qrw uxoh rxw pxowl0prgdolw| ri wkh kd}dug1

^Ilj= 8=5`

Wkhvh hvwlpdwhv doorz wr srlqw rxw dw vrph gl�huhqfhv ehwzhhq phq dqg zrphq
gxudwlrq glvwulexwlrqv1 Jlyhq wkdw wkh vdpsoh vl}h ri wkh wzr vxejurxsv zdv elj
hqrxjk/ hvwlpdwlrqv kdyh ehhq shuiruphg vhsdudwho| rq wkh vxejurxsv* gxudwlrqv/ wkh
wdujhw ehlqj wr dvvhvv wkh gl�huhqw lpsdfw ri lqglylgxdo/ vrflr0ghprjudsklf idfwruv rq
wkhp1

Erwk wkh hvwlpdwruv ghvfulehg wloo qrz duh qrq0sdudphwulf/ wkh| gr qrw doorz wr
wdnh dffrxqw iru hlwkhu revhuydeoh ru xqrevhuydeoh khwhurjhqhlw|1 Wr vwxg| wkh h�hfwv
wkdw revhuyhg idfwruv fdq h{huw/ d pxowlyduldwh dqdo|vlv kdyh ehhq wkhq dssolhg1

Lq rughu wr hvwlpdwh wkh kd}dug ixqfwlrq erwk wkh edvholqh udwh dqg d yhfwru ri
fryduldwhv pxvw eh vshfl�hg1 Wkh fryduldwhv lqwurgxfhg zloo eh ghvfulehg lq wkh qh{w
vhfwlrq1 Dv wr wkh edvholqh udwh/ lw kdv ehhq gh�qhg wkurxjk d vhw ri gxpp| yduldeohv/
rqh iru hdfk wzr prqwkv wloo wkh 59wk prqwkv dqg frqvwdqw wkhuhdiwhu1 Wkh pdlq
ihdwxuh ri wklv nlqg ri ixqfwlrq +dovr nqrzq dv slhfhzlvh frqvwdqw kd}dug udwh, lv wkdw
lw lv frqvwdqw lq hdfk lqwhuydo exw pd| ydu| iurp rqh lqwhuydo wr wkh rwkhu1 Wkh �uvw
lqwhuydo lv xvhg dv wkh uhihuhqfh ohyho1 Diwhu wkh 46wk gxudwlrq lqwhuydo +wkdw lv wr vd|
diwhu wkh 59wk prqwk, wkh qxpehu ri revhuydwlrqv lv wrr vpdoo wr xvh d wzr0prqwkv
gxpp|1 Wkh odvw lqwhuydo wkhq jurxsv gxudwlrqv iurp prqwk 5: wr prqwk 6: dqg 69
uhvshfwlyho| iru phq dqg zrphq1

Wkh xvh ri d sursruwlrqdo kd}dug prgho doorzv iru dq hdv| lqwhusuhwdwlrq ri wkh
hvwlpdwhg sdudphwhuv= li wkh vljq lv srvlwlyh wkh h�hfw rq wkh kd}dug udwh zloo eh
srvlwlyh +vkruwhu gxudwlrqv, rwkhuzlvh lw zloo eh qhjdwlyh +orqjhu gxudwlrqv,1

Wxuqlqj wr wkh uhvxowv ri wkh prghov zlwk dqg zlwkrxw xqrevhuyhg khwhurjhqhlw|/ lw
pxvw eh qrwlfhg wkdw wkh| vkrz vwurqj gl�huhqfhv +dw ohdvw iru phq, lq wkh vljql�fdqfh
ri wkh edvholqh gxpplhv hvwlpdwhv1 Lqghhg iru phq wkhuh lv hylghqfh ri vljql�fdqw
qhjdwlyh gxudwlrq ghshqghqfh +l1h1 wkh suredelolw| ri ohdylqj xqhpsor|phqw ghfuhdvhv
zlwk gxudwlrq, lq wkh prgho zlwkrxw xqrevhuyhg khwhurjhqhlw|/ zkloh lq wkh prgho
zkhuh lw kdv ehhq lqwurgxfhg wkh edvholqh gxpplhv hvwlpdwhv duh qr orqjhu vljql�fdqw1

Wklv uhvxow pdnhv fohdu wkh qhfhvvlw| wr frqwuro iru xqrevhuyhg khwhurjhqhlw|/ lq0
ghhg wr idlo lwv frqwuro pd| ohdg wr irupxodwh idovh frqfoxvlrqv rq wkh vkdsh ri wkh
kd}dug ixqfwlrq1

Krzhyhu/ lw pxvw eh qrwlfhg wkdw xqrevhuyhg khwhurjhqhlw| vhhpv wr eh qrq vlj0
ql�fdqw lq wklv frqwh{w/ wkh prgho zlwkrxw xqrevhuyhg khwhurjhqhlw| frxog eh wkhq
suhihuuhg1

Gl�huhqw uhvxowv dv wr xqrevhuyhg khwhurjhqhlw| zhuh irxqg dv zhoo lq ydq ghq
Ehuj dqg ydq Rxuv +4<<9, dv lq G*Dgglr +4<<:,1 Lq wkhvh vwxglhv/ wkh dxwkruv irxqg
vxevwdqwldo hylghqfh ri xqrevhuyhg khwhurjhqhlw|1 Gl�huhqw uhdvrqv pd| eh dw wkh
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ruljlq ri vxfk d gl�huhqfh1 Iluvw ri doo lw pxvw eh vdlg wkdw lq wkh vwxg| ri ydq ghq
Ehuj dqg ydq Rxuv +4<<9, revhuyhg lqglylgxdo fkdudfwhulvwlfv duh qrw lqwurgxfhg lq
wkh dqdo|vlv gxh wr wkh qrq0dydlodelolw| ri vxfk dq lqirupdwlrq1 Vhfrqgo| gdwd xvhg
lq ydq ghq Ehuj dqg ydq Rxuv +4<<9, duh dgplqlvwudwlyh +wkh| frph iurp wkh DQSH
0 Djhqfh Qdwlrqdoh Srxu o*Hpsorl, dqg gl�hu lq pdq| uhvshfwv iurp wkrvh ri wkh
LQVHH1 Wklugo| lw pxvw eh qrwlfhg wkdw lq wkh vwxg| ri G*Dgglr +4<<:, wkh edvholqh
kd}dug udwh zdv vshfl�hg dv wr ehorqj wr d sdudphwulf idplo|/ lq wkh suhvhqw vwxg| wkh
kd}dug ixqfwlrq lv rq wkh frqwudu| yhu|  h{leoh dqg vhpl0sdudphwulfdoo| hvwlpdwhg1

Uhihuulqj wr wkh fryduldwhv lqwurgxfhg lq wkh dqdo|vlv/ wkhlu vljqv dqg wkh vljql�0
fdqfh ri wkhlu sdudphwhuv duh wkh vdph lq wkh wzr prghov1

Wkh uhvxowv ri wkh hvwlpdwlrqv duh uhsruwhg lq wkh iroorzlqj wdeohv1

^Wdeoh 8=4`
^Wdeoh 8=5`

8151 Lqglylgxdo Fkdudfwhulvwlfv

Lq wklv fodvv ri idfwruv L kdyh lqwurgxfhg wkh djh ri wkh lqglylgxdo/ klv+khu, ohyho ri
hgxfdwlrq dqg �qdoo| zkhwkhu kh2vkh kdv iroorzhg d whfkqlfdo nlqg ri vfkrrolqj1

Uhodwlyh wr wkh djh ri wkh lqglylgxdo/ lw lv khuh derxw wkh djh ri wkh |rxwk lq 4<<5=
wkxv lw lv qrw d wlph0ydu|lqj yduldeoh1 Wkh djh fdq kdyh dpeljxrxv h�hfwv rq wkh
kd}dug udwh1 Rq wkh rqh kdqg/ lq jhqhudo/ li lw lv frqvlghuhg wkdw wkh djh fdq eh xvhg
wr dffrxqw iru wkh h{shulhqfh/ rqh vkrxog h{shfw wkdw wkh roghu lv wkh lqglylgxdo/ wkh
hdvlhu lv iru klp wr eh hqjdjhg ehfdxvh ri wkh h{shulhqfh kh+vkh, kdv dftxluhg 1 Rq
wkh rwkhu kdqg rqh pd| kdyh vrph grxewv derxw wkh wuxwkixoqhvv ri vxfk d sulqflsoh=
dq roghu xqhpsor|hg zloo kdyh pruh gl!fxowlhv wr uhfodvvli| klpvhoi rq wkh oderxu
pdunhw1 Wkh h�hfwv ri wkh djh rq wkh kd}dug udwh frxog wkxv eh gl!fxow wr hvwdeolvk1

Dv vkrzq lq wdeohv 814 dqg 815 wkh qhjdwlyh vljq ri wkh djh frh!flhqw/ dqg wkh idfw
wkdw lw lv vljql�fdqw +dw ohdvw uhodwlyh wr |rxqj phq gxudwlrqv, vkrz wkdw wkh roghu
lv wkh lqglylgxdo/ wkh zhdnhu lv wkh suredelolw| ri ohdylqj xqhpsor|phqw1 Dq roghu
lqglylgxdo +dovr dprqj shuvrqv djhg ehwzhhq 4;05<, zloo kdyh wkhq pruh gl!fxowlhv wr
uh0hqwhu wkh oderxu pdunhw1 Wklv nlqg ri h�hfw vhhpv udwkhu urexvw/ lqghhg lw dsshduv
lq ydulrxv vwxglhv lq d pruh ru ohvv vljql�fdqw zd| +Fdvhv dqg Oroolylhu/ 4<<7> Erqqdo
dqg Irxjëuh/ 4<<3> Jìudug0Yduhw dqg do1/ 4<<3> Pdjqdf/ 4<<9> ydq ghq Ehuj dqg ydq
Rxuv/ 4<<8,1

Uhihuulqj wr wkh ohyho ri hgxfdwlrq/ rqh vkrxog h{shfw wkdw wkh kljkhu lw lv/ wkh
kljkhu lv wkh suredelolw| ri ohdylqj xqhpsor|phqw1 Lq wkh vxuyh| wkh ohyho ri hgxfdwlrq
lv h{suhvvhg lq whupv ri �wkhruhwlfdo djh ri hqg ri vwxglhv�1 Hdfk ydoxh ri wklv yduldeoh
fruuhvsrqgv wkxv wr wkh djh dw zklfk lqglylgxdov ohiw wkh vfkrrolqj v|vwhp145 Hyhq
li wkh frpsxovru| vfkrrolqj zdv �{hg dw 49 |hduv ryhu wkh revhuydwlrq shulrg/ wklv
yduldeohv wdnhv rq orzhu ydoxhv1 D forvhu dqdo|vlv ri wkrvh fdvhv uhyhdohg wkdw wkh|
fruuhvsrqg prvwo| wr lqglylgxdov zkrvh idwkhu lv ri qrq0Hxurshdq qdwlrqdolw|1 Wkh
ihz fdvhv uhpdlqlqj/ uhihu wr lqglylgxdov kdylqj nqrzq vhulrxv khdowk dfflghqwv wkdw
frxog kdyh glvwxuehg wkh qrupdo frxuvh ri wkhlu vwxglhv1

Orrnlqj dw wdeohv 814 dqg 815 lw fdq eh vdlg wkdw wkh vljq ri wkh hvwlpdwhg frh!flhqw
doorzv wr d!up wkdw wkh kljkhu lv wkh hgxfdwlrq ohyho/ wkh kljkhu lv wkh suredelolw|
ri ohdylqj xqhpsor|phqw1 Wklv lv yhul�hg/ dw wkh vdph wlph/ iru phq dqg iru zrphq1

45
Uhodwlyh wr wklv yduldeoh L kdyh wr idfh d sureohp ri plvvlqj ydoxhv1 Wkh plvvlqj lqirupdwlrq kdv

wkhq ehhq uhexlow xvlqj d surfhgxuh vxjjhvwhg wr ph e| Eduw Frfn{1 Iru ghwdlov rq wkh surfhgxuh
iroorzhg vhh G*Dgglr +4<<:d,1
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Krzhyhu lw pxvw eh qrwlfhg wkdw hyhq li wkh hgxfdwlrq ohyho kdv ehhq jurzlqj iru wkh
odvw wkluw| |hduv/ wkh vkduh ri txdol�hg |rxqj shrsoh lq wkh wrwdo xqhpsor|phqw ri wkh
|rxwk grhv qrw vwrs lqfuhdvlqj +vhh Vhfwlrq 5,1

Wr hydoxdwh wkh h�hfw ri d whfkqlfdo nlqg ri vfkrrolqj dq lqglfdwru yduldeoh kdv
ehhq lqwurgxfhg lq wkh prgho1 Lwv h�hfw fdqqrw eh d sulrul ghwhuplqhg/ lqghhg wklv
yduldeoh fryhuv ydulrxv uhdolwlhv dv iru wkh ohyho ri hgxfdwlrq dwwdlqhg1

E| revhuylqj wdeohv 814 dqg 815 rqh vhhv wkdw wkh idfw ri kdylqj iroorzhg d whfkqlfdo
nlqg ri vfkrrolqj kdv d vljql�fdqw lpsdfw rqo| rq wkh kd}dug udwh ri |rxqj zrphq1
Lw vhhpv lqghhg wkdw wkh idfw ri kdylqj kdg d whfkqlfdo irupdwlrq lqfuhdvhv wkhlu
dyhudjh xqhpsor|phqw gxudwlrqv1 Iru phq wkh vljq ri wkh frh!flhqw lv rq wkh frqwudu|
srvlwlyh/ hyhq li qrw vljql�fdqw1 D vlplodu uhvxow zdv irxqg lq wkh vwxg| ri Pruhdx
dqg Ylvvhu +4<;<,1 Wkhvh dxwkruv qrwlfhg wkdw phq kdylqj iroorzhg d whfkqlfdo nlqg
ri vfkrrolqj kdg d kljkhu suredelolw| ri ohdylqj xqhpsor|phqw1

Lw lv lpsruwdqw wr uhpdun wkdw wkhvh uhvxowv douhdg| doorz wr kdyh d suholplqdu|
lghd rq wkh idfwruv zklfk fdq h{huw dq lpsdfw rq xqhpsor|phqw gxudwlrq1 Pruhryhu
lw vkrxog eh vwuhvvhg wkdw wkh h�hfwv duh qrw htxdo uhvshfwlyho| rq phq dqg zrphq*v
gxudwlrqv1

8161 Vrflr0ghprjudsklf fkdudfwhulvwlfv

Iru |rxqj xqhpsor|hg/ idplo| vlwxdwlrq lv olnho| wr d�hfw wkhlu mre0vhdufk h�ruwv1 Uho0
dwlyh wr idplo| vwdwxv ydulrxv lqirupdwlrq duh dydlodeoh lq wkh Iuhqfk Oderxu Vxuyh|/
iru lqvwdqfh lw lv nqrzq li wkh idwkhu dqg wkh prwkhu zhuh xqnqrzq/ li wkh| glhg/ li
glyrufhg/ wkhlu qdwlrqdolw|/ wkhlu ohyho ri hgxfdwlrq/ wkh qxpehu ri phpehuv ri zklfk
wkh idplo| lv frpsrvhg1 Doo wkhvh yduldeohv zhuh lqwurgxfhg lq suhylrxv hvwlpdwlrqv1
Gxh wr wkh odfn ri vwdwlvwlfdo vljql�fdqfh L kdyh glvfdughg prvw ri wkhp/ nhhslqj
rqo| wkh vljql�fdqw rqhv/ wkh sdudphwhu hvwlpdwhv ehlqj vxevwdqwldoo| htxdo diwhu wkh
rplvvlrq ri wkh rwkhu yduldeohv1

Lqfoxghg idplo| vwdwxv yduldeohv lq wklv vwxg| duh wkh Iuhqfk qdwlrqdolw| ri wkh id0
wkhu dqg wkh idfw ri ehorqjlqj ru qrw wr d odujh idplo|1 Vwloo wkh qhhg ri vhhlqj zkhwkhu
wkh xuedq hqylurqphqw h{huwv dq h�hfw rq wkh suredelolw| ri ohdylqj xqhpsor|phqw
mxvwl�hv wkh lqwurgxfwlrq ri vxfk dq lqirupdwlrq lq wkh suhvhqw vwxg|1 Wkh idfw ri
olylqj lq d pruh ru ohvv g|qdplf hqylurqphqw pd| eh d ghflvlyh idfwru iru ohdylqj
xqhpsor|phqw1

Uhihuulqj wr wkh idwkhu*v qdwlrqdolw|/ lw dulvhv iurp vhyhudo vwxglhv +vhh Erqqdo
dqg Irxjëuh/ 4<<3> Pdjqdf/ 4<<9, wkdw d uhodwlrqvkls ehwzhhq wkh qdwlrqdolw| ri wkh
lqglylgxdov dqg wkh suredelolw| ri ohdylqj xqhpsor|phqw h{lvwv1 E| revhuylqj wdeoh
814 dqg 815 lw fdq eh qrwlfhg wkdw lqglylgxdov zkrvh idwkhu lv Iuhqfk qdwlrqdolw| kdyh
d kljkhu suredelolw| ri ohdylqj xqhpsor|phqw1 Pruhryhu/ wklv lv yhul�hg dw wkh vdph
wlph iru |rxqj phq dqg zrphq/ hyhq li lq d pruh vljql�fdqw zd| iru wkh iruphu1

Uhodwlyh wr wkh vhfrqg yduldeoh uhodwhg wr idplo| vwdwxv/ lw pxvw eh vdlg wkdw wkh
vwuxfwxuh ri wkh idplo| frxog sod| dq lpsruwdqw uroh1 Zlwk wkh whup �odujh idplo|�
lw lv phdqw d idplo| lq zklfk wkh qxpehu ri fkloguhq lv htxdo ru kljkhu wkdq wuhh1
Wklv yduldeoh zdv exlow e| xvlqj wkh lqirupdwlrq +uhsruwhg lq wkh vxuyh|, derxw wkh
qxpehu ri eurwkhuv dqg vlvwhuv ri wkh |rxqj lqglylgxdo1 Iurp wdeohv 814 dqg 815 lw
ghulyhv wkdw wkhuh lv d qhjdwlyh uhodwlrq ehwzhhq wkh kd}dug udwh ri zrphq dqg wkh
vwuxfwxuh ri wkh idplo|1 Wkh odujhu lv wkh idplo|/ wkh zhdnhu lv wkxv wkh suredelolw| ri
ohdylqj xqhpsor|phqw1 Uhodwlyh wr phq lw lv zruwkzkloh wr uhpdun wkdw wkh gluhfwlrq
ri wkh uhodwlrq lv lqyhuwhg/ hyhq li qrw vljql�fdqw/ lw vhhpv wkdw wkh odujhu lv wkh idplo|/
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wkh kljkhu lv wkh suredelolw| ri ohdylqj xqhpsor|phqw1 Gl�huhqw uhdvrqv frxog h{sodlq
vxfk h�hfwv= erwk idplo| lqfrphv dqg fxowxudo idfwruv frxog eh xvhixo lq wklv uhvshfw1

Dv wr wkh hqylurqphqw lq zklfk wkh |rxqj lqglylgxdov olyh/ L kdyh lqwurgxfhg d
yduldeoh wkdw frqwdlqv wklv lqirupdwlrq= pruh suhflvho| lw vwdwhv li wkh |rxqj shuvrq
olyhv lq Sdulv ru hovhzkhuh lq Iudqfh1 Dv vkrzq lq wdeohv 814 dqg 815 wkh idfw ri olylqj
lq Sdulv kdv d srvlwlyh dqg vljql�fdqw h�hfw rqo| rq wkh kd}dug udwh ri wkh |rxqj
zrphq1

Wkhvh uhvxowv vkrz wkdw kxpdq/ fxowxudo dqg jhrjudsklf hqylurqphqw lv dq lp0
sruwdqw idfwru iru wkh lqvhuwlrq ri wkh |rxwk rq wkh oderxu pdunhw1 Lq sduwlfxodu wkh
idplo| vwuxfwxuh vhhpv wr eh fuxfldo wr ghvfuleh wkh ehkdylrxu ri wkh |rxqj shrsoh rq
wkh oderxu pdunhw1 Krzhyhu rzlqj wr wkh idfw wkdw lqirupdwlrq rq idplo| uhvrxufhv
lv plvvlqj/ lw lv qrw srvvleoh wr glvwlqjxlvk wkh h�hfwv uhodwhg sxuho| wr wkh idplo|
vwuxfwxuh iurp wkrvh uhodwhg wr lqfrph ohyhov1

8171 Rwkhu idfwruv

Vrph rwkhu yduldeohv kdyh ehhq lqwurgxfhg lq wkh prgho lq rughu wr wdnh lqwr dffrxqw
ixuwkhu revhuyhg gl�huhqfhv dprqj |rxqj lqglylgxdov1 Wkh| duh= wkuhh yduldeohv zklfk
vwdwh wkh |hdu ri hqwu| lq wkh xqhpsor|phqw vshoo +dqg wkxv fdswxuh fdohqgdu wlph
h�hfwv,/ dqg wzr yduldeohv wkdw ghvfuleh wkh vwdwxv ri wkh lqglylgxdov sulru wr wkh
xqhpsor|phqw vshoo/ sduwlfxoduo| li wkh lqglylgxdov hqwhuhg wkh xqhpsor|phqw vshoo
uljkw diwhu hlwkhu kdylqj h{lwhg wkh vfkrrolqj v|vwhp ru kdylqj kdg d wudlqlqj vshoo1

Dv vkrzq lq wdeohv 814 dqg 815 wkh |hdu gxulqj zklfk wkh xqhpsor|phqw vshoo
ehjdq lv yhu| lpsruwdqw1 Lqghhg/ wkh idfw ri kdylqj hqwhuhg wkh xqhpsor|phqw vshoo
lq wkh |hduv 4<<3/ 4<<4/ 4<<5 +|hdu 4<;< ehlqj wkhq wkh uhihuhqfh, kdv d vwurqj qhjdwlyh
h�hfw rq wkh kd}dug udwh1 Wkh kd}dug udwh wkxv vhhpv yhu| vhqvlwlyh wr wkh hfrqrplf
vlwxdwlrq dqg lq sduwlfxodu wr wkh uhfhvvlrq vwduwlqj lq 4<<4 lq Iudqfh1 Wklv uhvxow
frq�upv/ dv pdq| rwkhu vwxglhv kdyh vkrzq/ wkdw wkh jurxsv wkh ohvv dwwdfkhg wr wkh
oderxu pdunhw duh wkh pruh vhqvlwlyh wr wkh hfrqrplf vlwxdwlrq1

Lw pxvw eh vwloo qrwlfhg wkdw hqwhulqj xqhpsor|phqw uljkw diwhu wkh hqg ri wkh
vwxglhv grhv qrw pdnh hdvlhu wr ohdyh lw1 Wkh gluhfwlrq ri wkh h�hfw lv htxdo iru wkh
wzr jurxsv/ exw lw lv vljql�fdqw rqo| iru phq1

Uhodwlyh wr wkh odvw yduldeoh wkdw vwdwhv li wkh |rxqj shuvrq kdv iroorzhg d sdlg
wudlqlqj frxuvh sulru wr hqwhu wkh xqhpsor|phqw vshoo/ lw pxvw eh vdlg wkdw lwv frhi0
�flhqw frxog eh lqwhusuhwhg dv d phdvxuh ri wkh h!flhqf| ri wkh wudlqlqj frxuvh dqg
sduwlfxoduo| ri wkhlu fdsdflw| wr lqvhuw |rxqj lqglylgxdov rq wkh oderxu pdunhw1 E|
revhuylqj wdeohv 814 dqg 815 lw vkrxog eh qrwlfhg wkdw wkh h�hfw rq wkh kd}dug udwh
vhhpv wr eh qhjdwlyh dw wkh vdph wlph iru wkh wzr jurxsv1 Krzhyhu wkh sdudphwhu hv0
wlpdwh lv qrw vljql�fdqw1 Dv wr wkh qhjdwlyh vljq ri wkh frh!flhqw/ lw frxog ulvh grxewv
derxw wkh lqvhuwlqj fdsdflw| ri wkh wudlqlqj frxuvhv dqg wkhlu h�hfwv +vhh Pdjqdf/
4<<9,1

91 Frqfoxvlrq

Wklv sdshu dlphg dw wkh dqdo|vlv ri wkh idfwruv vxlwdeoh iru kdylqj dq lpsdfw rq
xqhpsor|phqw gxudwlrq ri iuhqfk |rxqj shrsoh1

Lq rughu wr dvvhvv wkhlu gl�huhqwldo h�hfwv ehwzhhq phq dqg zrphq/ hvwlpdwlrqv
kdyh ehhq shuiruphg vhsdudwho| rq wkh wzr vxejurxsv* gxudwlrqv1 Orrnlqj dw wkh
judskv zkhuh wkh kd}dug ixqfwlrq kdv ehhq sorwwhg +vhh Ilj1 815,/ lw fdq eh qrwlfhg
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wkdw wkh suredelolw| ri ohdylqj xqhpsor|phqw lv doprvw dozd|v orzhu iru zrphq wkdq
iru phq1 Wklv ixqfwlrq kdv ehhq hvwlpdwhg lq d qrq0sdudphwulf zd| vr wkdw revhuyhg
dqg xqrevhuyhg fkdudfwhulvwlfv duh qrw wdnhq lqwr dffrxqw1

Wkh pxowlyduldwh dqdo|vlv edvhg rq wkh hvwlpdwlrq ri d sursruwlrqdo kd}dug ixqf0
wlrq dqg pruh sduwlfxoduo| ri lwv glvfuhwh0wlph yhuvlrq/ jlyhv vrph lqwhuhvwlqj uhvxowv/
dv zhoo lq wkh irupxodwlrq zlwkrxw dv lq wkh rqh zlwk xqrevhuyhg khwhurjhqhlw|1

Vrph idfwruv kdyh d vljql�fdqw srvlwlyh h�hfw rq wkh xqhpsor|phqw gxudwlrqv ri
wkh wzr srsxodwlrqv vwxglhg khuh1 Lw lv wkh fdvh ri wkh hgxfdwlrq ohyho dqg ri wkh idwkhu
qdwlrqdolw|1 Lw fdq eh qrwlfhg wkhq rq rqh kdqg wkh kljkhu lv wkh ohyho ri hgxfdwlrq/
wkh kljkhu lv wkh suredelolw| ri ohdylqj xqhpsor|phqw 1 Rq wkh rwkhu kdqg wkh idfw
ri kdylqj d idwkhu ri qrq0iuhqfk qdwlrqdolw| vhhpv wr lqfuhdvh dyhudjh xqhpsor|phqw
gxudwlrqv1

Lw lv zruwkzkloh wr qrwlfh wkdw wkh |hdu lq zklfk wkh xqhpsor|phqw vshoo ehjdq
kdv d vwurqj lpsdfw rq wkh xqhpsor|phqw gxudwlrqv1 Wkh kd}dug udwh lv lqghhg yhu|
vhqvlwlyh wr wkh hfrqrplf vlwxdwlrq dqg pruhryhu wr wkh uhfhvvlrq vwduwhg lq Iudqfh
lq 4<<41 Dv vkrzq lq pdq| rwkhu vwxglhv/ wkh jurxsv wkh ohvv dwwdfkhg wr wkh oderxu
pdunhw duh wkh pruh vhqvlwlyh wr wkh hfrqrplf vlwxdwlrq1

Vrph idfwruv kdylqj d vljql�fdqw h�hfw rq zrphq*v xqhpsor|phqw gxudwlrqv kdyh
qrqh rq phq*v rqhv1 Lw lv wkh fdvh ri wkh idfw ri kdylqj iroorzhg d whfkqlfdo nlqg ri
vfkrrolqj/ ri wkh jhrjudsklfdo hqylurqphqw dqg �qdoo| ri wkh idfw ri ehorqjlqj wr d
odujh idplo| dqg �qdoo| ri olylqj lq Sdulv1

Hyhq li lq wklv vwxg| xqrevhuyhg khwhurjhqhlw| grhv qrw vhhp wr eh kljko| vljql�0
fdqw +wkdw lv olnho| wr eh gxh wr wkh yhu|  h{leoh edvholqh kd}dug xvhg,/ lw lv fohdu wkdw
wr idlo wr frqwuro iru lw pd| ohdg wr vrph idovh frqfoxvlrqv rq wkh vkdsh ri wkh kd}dug
ixqfwlrq1 Orrnlqj dw wdeoh 814 rqh uhdol}hv wkdw lq wkh prgho zlwkrxw xqrevhuyhg
khwhurjhqhlw| wkhuh lv hylghqfh ri qhjdwlyh gxudwlrq ghshqghqfh/ dw ohdvw iru wkh �uvw
wzhoyh prqwkv/ dv zhoo iru phq dv iru zrphq +hyhq li lw lv vljql�fdqw rqo| uhodwlyh wr
phq,1 Wdeoh 815 +lq zklfk wkh uhvxowv ri wkh prgho zlwk xqrevhuyhg khwhurjhqhlw| duh
uhsruwhg, r�huv d gl�huhqw slfwxuh ri wkh vlwxdwlrq= prvw ri wkh edvholqh gxpplhv duh
qr orqjhu vljql�fdqw1

Wr eh deoh wr glvwlqjxlvk ehwzhhq gxudwlrq ghshqghqfh dqg xqrevhuyhg khwhur0
jhqhlw| lv yhu| lpsruwdqw/ sulpdulo| iurp d srolf| srlqw ri ylhz1 Lq wkh fdvh ri qhjdwlyh
gxudwlrq ghshqghqfh/ zkhq glvfrxudjhphqw h�hfwv duh olnho| wr eh suhvhqw/ d srolf|
frxog eh rulhqwhg wrzdugv suhyhqwlqj zrunhuv ehfrplqj orqj0whup xqhpsor|phqw +vhh
ydq ghq ehuj/ ydq Rxuv/ 4<<9,1 Zkhq xqrevhuyhg khwhurjhqhlw| lv lpsruwdqw/ lw frxog
eh xvhixo wr revhuyh wkh fkdudfwhulvwlfv ri shrsoh  rzlqj lqwr xqhpsor|phqw lq rughu
wr frqfhqwudwh rq wkrvh zlwk edg idfwruv1

Lq jhqhudo lw pxvw eh vdlg wkdw wkh idfwruv zklfk vhhp wr uhgxfh dyhudjh xqhp0
sor|phqw gxudwlrqv ri |rxqj phq duh wkh Iuhqfk qdwlrqdolw| ri wkh idwkhu/ d orzhu
djh/ d kljkhu ohyho ri hgxfdwlrq/ wkh idfw ri qrw kdylqj vwduwhg wkh xqhpsor|phqw vshoo
lq d uhfhvvlrq shulrg1

Uhodwlyh wr |rxqj zrphq wkh prvw idyrudeoh idfwruv duh wkh idfw ri qrw ehorqjlqj
wr d odujh idplo|/ wkh Iuhqfk qdwlrqdolw| ri wkh idwkhu/ d kljkhu ohyho ri hgxfdwlrq/
wkh idfw ri qrw kdylqj iroorzhg d whfkqlfdo nlqg ri vfkrrolqj/ wr olyh lq Sdulv/ kdylqj
vwduwhg wkh xqhpsor|phqw vshoo lq d idyrudeoh hfrqrplf shulrg1

Prvw ri wkh idfwruv lqwurgxfhg lq wkh dqdo|vlv kdyh lqghhg d gl�huhqw h�hfw rq
wkh kd}dug udwh ri wkh wzr jurxsv1 Wkhvh �qglqjv frq�up wkh qhfhvvlw| ri vwxg|lqj
wkhp vhsdudwho| zkhq wu|lqj wr fkdudfwhul}h wkhlu xqhpsor|phqw gxudwlrqv/ deryh doo
wdnlqj lqirupdwlrq rq idplo| vwuxfwxuh dqg rq fdohqgdu wlph lqwr dffrxqw1
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Dsshqgl{= Wdeohv dqg Judskv

Ghvfulswlrq ri wkh Yduldeohv

d1 Edvholqh Gxpplhv

41 �50�46= edvholqh gxpplhv gh�qhg zlwklq hdfk wzr prqwkv lqwhuydo

51 �
47

=edvholqh gxpp| fryhulqj wkh lqwhuydo jrlqj iurp wkh 59wk prqwk wr wkh
6:wk dqg 69wk prqwk uhvshfwlyho| iru phq dqg iru zrphq

e1 Lqglylgxdo Idfwruv

61 Lqglylgxdo*v djh lq 4<<5 ^4;/5<`>

71 Ohyho ri hgxfdwlrq ri wkh lqglylgxdo> lw lv h{suhvvhg lq whupv ri wkhruhwlfdo djh
ri hqg ri vwxglhv dqg wdnhv rq ydoxhv lq wkh lqwhuydo ^43/5<`1

81 Gxpp| yduldeoh rq wkh plvvlqj ydoxhv lq wkh ohyho ri hgxfdwlrq>

91 Whfkqlfdo Hgxfdwlrq +4@\hv,>

f1 Vrflr0ghprjudsklf idfwruv

:1 Idwkhu Qdwlrqdolw| +4@Iuhqfk,>

;1 Odujh Idplo|= zkhuh wkh wrwdo qxpehu ri fkloguhq lv juhdwhu ru htxdo wkdq 6
+4@\hv,>

<1 Uhjlrq ri uhvlghqfh +4@Sdulv> 3@hovhzkhuh lq Iudqfh,

g1 Rwkhu Idfwruv

431 \hdu lq zklfk wkh xqhpsor|phqw vshoo ehjxq +4@4<<3,> wkh uhihuhqfh lv |hdu
4<;<1

441 \hdu lq zklfk wkh xqhpsor|phqw vshoo ehjxq +4@4<<4,>

451 \hdu lq zklfk wkh xqhpsor|phqw vshoo ehjxq +4@4<<5,>

461 Vwxglhv sulru wr wkh Xqhpsor|phqw vshoo+4@\hv,>

471 Wudlqlqj hslvrghv sulru wr wkh xqhpsor|phqw vshoo +4@\hv,>

Qxpehu ri Vshoov= Q@546:
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Wdeoh 514= Xqghu 58*v Xqhpsor|phqw lq ( lq 4<<8

Country Under-25
unemployment
rate (1)

Unemployed
persons as a
% of the
population
aged 15-25

Country Under-25
unemploy
ment
rate (1)

Unemployed
persons as a
% of the
population
aged 15-25

EU 21.5 9.5 Italy 33.2 12.9
Belgium 24.4 8.6 Luxembourg 7.1 ()(2)

Denmark 10.1 7.4 Netherlands 11.6 7.0
Germany 8.8 4.6 Austria 5.6 3.4
Greece 27.9 10.3 Portugal 16.6 7.1
Spain 42.5 17.7 Finland 38.2 19.8
France 27.3 9.7 Sweden 19.4 9.3
Ireland 19.5 8.9 UK 15.9 10.4

(1)  Unemployment as a % of the active population (employed + unemployed)
(2)  Data unreliable because of all small sample

Source: Eurostat (1997)

Wdeoh 515= Frpsrvlwlrq ri \rxqj Shrsoh Xqhpsor|phqw e| Txdol�fdwlrqv

Lq ( 4<;6 4<;9 4<<5 4<<9

Xqhpsor|phqw Udwh ri Qrq0Txdol�hg

\rxqj Shrsoh
58 64 5; 69

Vkduh ri Qrq0txdol�hg Shuvrqv lq

wkh wrwdo Xqhpsor|phqw ri wkh \rxwk
87 86 85 7:

Xqhpsor|phqw Udwh ri Txdol�hg

\rxqj Shrsoh
4316 471; 4515 4;1;

Vkduh ri txdol�hg |rxqj shrsoh

lq wkh wrwdo xqhpsor|phqw ri wkh \rxwk
<1: <19 4518 5718

Vrxufh= Euxqr hw Fd}hv/ 4<<:
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Wdeoh 614= Glvwulexwlrq ri Xqhpsor|phqw Vshoov e| Jhqghu

PHQ

Q1 Iuhtxhqf| Shufhqw Fxp1

4 9<7 97165 97165

5 58; 561<4 ;;156

6 ;8 :1;; <9144

7 57 5155 <;166

8 45 4144 <<177

9 8 3179 <<1<4

: 4 313< 433133

Wrwdo 43:< 433(

ZRPHQ

Iuhtxhqf| Shufhqw Fxp1

9;8 971:7 971:7

588 57143 ;;1;8

<3 ;184 <:168

4< 41;3 <<148

8 317: <<195

5 314< <<1;4

5 314< 433

438; 433(

Wdeoh 615= Ghvfulswlyh Vwdwlvwlfv

PHQ

Yduldeohv Dyhudjh Vwg1Huu1

Odujh Idplo| 319<656 317946:

Hqwu| lqwr Xqhpsor|phqw4<<3 315<7:5 3178946

Hqwu| lqwr Xqhpsor|phqw4<<4 31738<6 317<463

Hqwu| lqwr Xqhpsor|phqw4<<5 3178745H034 3153;63

Hgxfdwlrq Ohyho 481643 514489

Gxpp| ydu1rq Hgxfdwlrq1 3184<33H034 31554<6

Djh ri wkh |rxqj lqg1 lq 4<<5 561:<: 51;687

Idwkhu*v qdwlrqdolw| 3193945 317;;;7

Whfkqlfdo Hgxfdwlrq 319;;93 317965;

Vwxglhv sulru wr wkh xqhps1vshoo 314398; 3163;:5

Wudlqlqj sulru wr wkh xqhps1vshoo 313:;:; 3159<84

Uhjlrq ri uhvlghqfh 313<:64 315<985

ZRPHQ

Dyhudjh Vwg1Huu1

319;953 3179759

3163484 3178<46

3177378 317<99;

3173976H034 314<:88

481967 51333;

31:8947H034 3159784

57167: 51;;;6

3196849 317;494

3198<:7 317:735

3146:38 3167739

3146:38 3167739

314438< 31646::

4:



Wdeoh 814= Uhvxowv ri wkh prgho zlwkrxw xqrevhuyhg khwhurjhqhlw|

Variables MEN WOMEN SM SW
Constant -1.9011

               (0.4152)
-2.2042
                (0.4647)

*

γ2 -0.2183
               (0.0919)

0.0566
               (0.1005)

*

γ3 -0.3389
               (0.1121

-0.0340
               (0.1146)

*

γ4 -0.5790
               (0.1447)

-0.2064
               (0.1369)

*

γ5 -0.6937
               (0.1761)

-0.5315
               (0.1778)

* *

γ6 -1.0290
               (0.2300)

-0.3547
               (0.1850)

*

γ7 -0.7219
               (0.2437)

-0.0525
               (0.1996)

*

γ8 -0.7782
               (0.2847)

-0.0655
               (0.2305)

*

γ9 -0.4748
               (0.2957)

-0.3652
               (0.2984)

γ10 -1.0322
               (0.4526)

-0.5398
               (0.3614)

*

γ11 -1.6116
               (0.7089)

-0.2828
               (0.3626)

*

γ12 -0.0424
               (0.4169)

-0.9230
               (0.5833)

γ13 -1.3693
               (0.9835)

-0.3106
               (0.5061)

γ14 -0.0310
               (0.7055)

-0.5459
               (0.7151)

Age of the Individual 1992 -0.0350
               (0.0139)

-0.0183
               (0.0150)

*

Education Level 0.07291
               (0.0180)

0.0737
               (0.0191)

* *

Indicator Variable on the education
Level

-0.1339
               (0.1943)

-0.1581
               (0.1599)

Technical kind of schooling (1=Yes) 0.0952
               (0.0863)

-0.1915
               (0.0862)

*

Father’s Nationality (1=French) 0.2128
               (0.0759

0.1565
               (0.0785)

* *

Large Family (1=Yes) 0.0092
               (0.0800)

-0.2396
               (0.0822)

*

Region where living (1=paris) -0.1148
               (0.1244)

0.2520
               (0.1175)

*

Schooling prior to the unemployment
spell (1=Yes)

-0.4509
               (0.1202)

-0.1197
               (0.1186)

*

Training Course prior to the
unemployment spell (1=Yes)

-0.0662
               (0.1313)

-0.1007
               (0.1074)

Year of entry in Unemploym. 1990 -0.1694
               (0.0873)

-0.0523
               (0.0938)

*

Year of entry in Unemploym. 1991 -0.4261
               (0.0932)

-0.3149
               (0.1023)

* *

Year of entry in Unemploym. 1992 -1.0722
               (0.3857)

-1.6852
               (0.7122)

* *

Log-Likelihood value -2272.0543 -2356.9427

*Standard Errors are in parentheses
**The γj  represent the baseline dummies defined as constant within each two months interval till month 26 ( γ13) and
constant thereafter ( γ14 is defined respectively for Men from month 26 to month 37; for women from month 26 to
month 36).
***Columns S M and S W state the significant parameter estimates, significance level 0.05.
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Wdeoh 815= Uhvxowv ri wkh prgho zlwk xqrevhuyhg khwhurjhqhlw|

Variables MEN WOMEN D M D W S M S W

Constant -1.9355
               (0.4638)

-2.1776
                (0.4921)

γ 2 -0.1507
               (0.1147)

0.0773
               (0.1071)

*

γ 3 -0.2121
               (0.1693)

0.01133
               (0.1385)

*

γ 4 -0.4046
               (0.2257)

-0.1399
               (0.1774)

*

γ 5 -0.4749
               (0.2791)

-0.4487
               (0.2263)

* * *

γ 6 -0.7806
               (0.3372)

-0.2596
               (0.2459)

*

γ 7 -0.4273
               (0.3793)

-0.0703
               (0.2871)

γ 8 -0.4493
               (0.4311)

-0.0781
               (0.3336)

*

γ 9 -0.1049
               (0.4686)

-0.2041
               (0.4026)

γ 10 -0.6238
               (0.6047)

-0.3678
               (0.4628)

γ 11 -1.1818
               (0.8264)

-0.0980
               (0.4763)

γ 12 0.4509
               (0.6372)

-0.7248
               (0.6707)

γ 13 -0.8277
               (0.9845)

-0.1010
               (0.6157)

γ 14 0.5515
               (0.9131)

-0.3131
               (0.8108)

Age of the Individual 1992 -0.0372
               (0.0155)

-0.0198
               (0.0159)

*

Education Level 0.0809
               (0.0217)

0.0782
               (0.0215)

* *

Indicator Variable on the
education Level

-0.1345
               (0.2131)

-0.1518
               (0.1686)

Technical kind of schooling (1=Yes) 0.1106
               (0.0968)

-0.1913
               (0.0909)

*

Father’s Nationality (1=French) 0.2330
               (0.0869)

0.1570
               (0.0830)

* *

Large Family (1=Yes) 0.0214
               (0.0904)

-0.2521
               (0.0894)

*

Region where living (1=paris) -0.1058
               (0.1391)

0.2754
               (0.1306)

*

Schooling prior to the
unemployment spell (1=Yes)

-0.5087
               (0.1448)

-0.1459
               (0.1320)

*

Training Course prior to the
unemployment spell (1=Yes)

-0.0608
               (0.1479)

-0.1053
               (0.1144)

Year of entry in Unemploym. 1990 -0.1845
               (0.1000)

-0.0682
               (0.1031)

*

Year of entry in Unemploym. 1991 -0.4519
               (0.1050)

-0.3293
               (0.1096)

* *

Year of entry in Unemploym. 1992 -1.1163
               (0.3969)

-1.7301
               (0.7191)

* *

Gamma variance 0.1819
               (0.1793)

0.0932
                (0.1557)

Log-Likelihood -2271.4004 -2356.7367

*Standard Errors in parentheses.
** Columns D M and D W  (where M and W stand respectively for Men and Women) state parameter estimates that are
no longer significant in the model with unobserved heterogeneity.
***Columns S M and S W  state the significant parameter estimates, significance level 0.05.
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Ilj1 814
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- Wkh wzr vxuylyru ixqfwlrqv duh sorwwhg zlwklq wzr gdvkhg fxuyhv wkdw uhsuhvhqw
wkh vljql�fdqfh ohyho ri wkh vxuylydo udwhv +3138,
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Ilj1 815
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Uhihuhqfhv

^4` Doolvrq/ S1G1 +4<;5,/ �Glvfuhwh0wlph Phwkrgv iru wkh Dqdo|vlv ri Hyhqw Klvwr0
ulhv�/ lq Vrflrorjlfdo Phwkrgrorj|/ hg1 V1 Ohlqkdugw/ Vdq Iudqflvfr= Mrvvh|0Edvv
Sxeolvkhuv/ ss1 940<:1

^5` Eorvvihog/ K10S1/ Kdphuoh/ D1 dqg Pd|hu/ N1X1/ +4<;<,/ Hyhqw Klvwru| Dqdo|vlv/

hgv1 Odzuhqfh Huoedxp Dvvrfldwhv/ Lqf1

^6` Erqqdo/ O1 dqg Irxjëuh/ G1 +4<<3,/ �Ohv gìwhuplqdqwv lqglylgxhoohv gh od gxuìh
gx fk÷pdjh�/ Hfrqrplh hw Suìylvlrq/ q1 <9/ 4<<3081

^7` Erqqdo/ O1/ Irxjëuh/ G1 Vìudqgrq/ D1/ +4<<:, �Hydoxdwlqj wkh Lpsdfw ri Iuhqfk
Hpsor|phqw Srolflhv rq Lqglylgxdo Oderxu Pdunhw Klvwrulhv�/ Wkh Uhylhz ri

Hfrqrplf Vwxglhv/ yro197+7,/ q1554/ ss19;60:461

^8` Euxqr/ F1/ Fd}hv/ V1 +4<<:,/ �Oh fk÷pdjh ghv mhxqhv hq Iudqfh= xq ìwdw ghv
olhx{�/ lq Sureoëphv Hfrqrpltxhv/ q1586<1

^9` Fdvhv/ F1/ Oroolylhu/ V1/ +4<<5, �Hvwlpdwlrq gh od gxuìh gx fk÷pdjh hq Iudqfh hq
4<;9�/ Grfxphqw gh Wudydlo FUHVW 0 Gìsduwhphqw gh od Uhfkhufkh/ LQVHH/ q1
<63<1

^:` Fdvhv/ F1/ Oroolylhu/ V1/ +4<<6,/ �Lqglylgxdo Khwhurjhqhlw| lq Gxudwlrq Prg0
hov zlwk Vhjphqwdwlrq�/ Grfxphqw gh Wudydlo FUHVW 0 Gìsduwhphqw gh od

Uhfkhufkh/ LQVHH/ q1 <6771

^;` Fdvhv/ F1/ Oroolylhu/ V1/ +4<<7, �Hvwlpdwlrq g*xq prgëoh gh vruwlh gh fk÷pdjh ã
ghvwlqdwlrqv pxowlsohv�/ Hfrqrplh hw Suìylvlrq/ 4460447= 4::04;;1

^<` Fr{/ G1U1 +4<:5,/ �Uhjuhvvlrq prghov dqg olih0wdeohv +zlwk glvfxvvlrq,�/ Mrxuqdo
ri wkh Ur|do Vwdwlvwlfdo Vrflhw|/ E/ 67/ s1 4;:05531

^43` Fr{/ G1U1 +4<:8,/ �Sduwldo Olnholkrrg�/ Elrphwulnd/ 95/ s1 59<05:91

^44` Fr{/ G1U1/ Rdnhv/ G1 +4<;7,/ Dqdo|vlv ri Vxuylydo Gdwd/ hgv1 Fkdspdq hw Kdoo1

^45` G*Dgglr/ D1F1 +4<<:d,/ �Oh Fk÷pdjh ghv Mhxqhv hq Iudqfh�/ lq Dqdo|vhv

Hfrqrpìwultxhv ghv gìwhuplqdqwv ìfrqrpltxhv ghv wudmhfwrluhv ghv mhxqhv vxu

oh pdufkì gx wudydlo0Udssruw Ilqdo ã od Gluhfwlrq Lqwhuplqlvwìulhooh ã o*Lqvhuwlrq
ghv Mhxqhv1

^46` G*Dgglr/ D1F1 +4<<:e,/ �Xqhpsor|phqw Gxudwlrqv lq Iudqfh= Prghoolqj \rxqj
Shrsoh*v Gxudwlrqv�/ xqsxeolvkhg grfxphqw ri wkh Ghsduwphqw ri Hfrqrplfv/
Xqlyhuvlwì Fdwkroltxh gh Orxydlq/ Orxydlq0od0Qhxyh/ Ehojlxp1

^47` Hoehuv/ F1 dqg Ulgghu/ J1 +4<;5, �Wuxh dqg Vsxulrxv Gxudwlrq Ghshqghqfh= wkh
Lghqwl�delolw| ri wkh Sursruwlrqdo Kd}dug Prgho�/ Uhylhz ri Hfrqrplf Vwxglhv/
yro17</ q16/ ss1 736073<1

^48` Hxurvwdw/ +4<<:,/ \rxwk lq wkh Hxurshdq Xqlrq/ Iurp Hgxfdwlrq wr Zrunlqj

Olih/ Wkh Vwdwlvwlfdo R!fh ri wkh Hxurshdq Frppxqlwlhv/ Ox{hperxuj1
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^49` Ioruhqv M1S1/ Jìudug0Yduh| O1D1/ Zhutxlq S1 +4<<3,/ �Wkh gxudwlrq ri Fxuuhqw
dqg Frpsohwh Xqhpsor|phqw Vshoov Ehwzhhq 4<;7 dqg 4<;9 lq Iudqfh�/ lq Frq0

wulexwlrqv wr Dssolhg Plfurhfrqrplfv/ hglwhg e| M1S1 Ioruhqv/ P1 Lydogl/ M1M1
Od�rqw hw I1 Odlvqh|/ Edvlo Eodfnzhoo/ R{irug1

^4:` Ioruhqv/ M1S1/ Irxjëuh/ G1/ Ndplrqnd/ W1/ Prxfkduw/ P1/ +4<<7,/ �Od prgìol0
vdwlrq ìfrqrpìwultxh ghv wudqvlwlrqv lqglylgxhoohv vxu oh pdufkì gx wudydlo�/
Hfrqrplh hw Suìylvlrq/ 449/ ss1 4;4054:1

^4;` Ioruhqv/ M1S1/ Irxjëuh/ G1/ Prxfkduw/ P1/ +4<<9,/ �Gxudwlrq Prghov�/ lq Wkh

Hfrqrphwulfv ri Sdqho Gdwd/ hglwhg e| O1 Pdw|dv dqg S1 Vhyhvwuh/ Noxzhu Dfd0
ghplf Sxeolvkhuv/ ss1 7<408691

^4<` Irxujhdxg/ F1/ Jrxulìurx{/ F1/ Sudgho/ M1/ +4<<3,/ �Kìwìurjìqìlwì hw kdvdug gdqv
ohv prgëohv gh gxuìh�/ Dqqdohv g*Hfrqrplh hw Vwdwlvwltxh/ 4;/ ss1 40561

^53` Kdq/ D1/ Kdxvpdq/ M1D1 +4<<3,/ �Ioh{leoh Sdudphwulf Hvwlpdwlrq ri Gxudwlrq dqg
Frpshwlqj Ulvn Prghov�/ lq Mrxuqdo ri Dssolhg Hfrqrphwulfv/ yro18/ ss1405;1

^54` Khfnpdq/ M1M1/ Vlqjhu/ E +4<;7,/ �D Phwkrg iru Plqlpl}lqj wkh Lpsdfw ri Glvwul0
exwlrqdo Dvvxpswlrqv lq Hfrqrphwulf Prghov iru Gxudwlrq Gdwd�/ Hfrqrphwulfd/
yro185/ q15/ ss5:406531

^55` Kxmhu/ U1/ Pdxuhu/ N10R1/ Zhooqhu/ P1 +4<<9,/ �Prghov iru Jurxshg Wudqvlwlrq
Gdwd�/ Ghsduphqw ri Hfrqrplfv/ Mrkdqq Zroijdqj Jrhwkh0Xqlyhuvlw|/ Iudqnixuw
dp Pdlq1

^56` Mhqnlqv/ V1S1 +4<<8,/ �Hdv| hvwlpdwlrq phwkrgv iru glvfuhwh0wlph gxudwlrq prg0
hov�/ R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/ 8:+4,/ ss145<046;1

^57` Mhqnlqv/ V1S1 +4<<:,/ �veh4:= Glvfuhwh Wlph Sursruwlrqdo Kd}dug Uhjuhvvlrq�/
lq Vwdwd Whfkqlfdo Exoohwlq/ q16</ ss1550651

^58` Ndoe hlvfk/ M1/ Suhqwlfh/ U1/ +4<;3,/ Wkh Vwdwlvwlfdo Dqdo|vlv ri Idloxuh Wlph

Gdwd/ Qhz \run/ Zloh|1

^59` Ndsodq/ H1O/ Phlhu/ S1 +4<8;,/ �Qrqsdudphwulf hvwlpdwlrq iurp lqfrpsohwh re0
vhuydwlrqv�/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ 86/ 78:07;41

^5:` Nlhihu/ Q1P1/ +4<;;,/ �Hfrqrplf Gxudwlrq Gdwd dqg Kd}dug Ixqfwlrqv�/ Wkh
Mrxuqdo ri Hfrqrplf Olwhudwxuh/ yro1 59/ ss1 97909:<1

^5;` Nlhihu/ Q1P1 +4<<3,/ �Hfrqrphwulf Phwkrgv iru Jurxshg Gxudwlrq Gdwd�/ lq
Sdqho Gdwd dqg Oderxu Pdunhw Vwxglhv/ hglwhg e| M1 Dduwrj/ J1 Ulgghu/ M1
Wkhhzhv/ Qruwk0Kroodqg1

^5<` Nudndxhu/ K1 hw Vwhzduw/ M1 +4<<4,/ �vv<4= Dfwxduldo ru Olih Wdeoh Dqdo|vlv ri
wlph wr hyhqw gdwd�/ Vwdwd Whfkqlfdo Exoohwlq/ 4/ ss1 560581

^63` Odqfdvwhu/ W1/ +4<:<,/ �Hfrqrphwulf phwkrgv iru wkh gxudwlrq ri xqhpsor|phqw�/
Hfrqrphwulfd/ 7:/ ss1 <6<0<891

^64` Odqfdvwhu/ W1/ +4<;8,/ �jhqhudo uhvlgxdov dqg khwhurjhqhrxv gxudwlrq prghov zlwk
dssolfdwlrq wr wkh Zhlexoo prgho�/ Mrxuqdo ri Hfrqrphwulfv/ 5;/ ss1 44604591
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^65` Odqfdvwhu/ W1/ +4<<3,/ Wkh Hfrqrphwulf Dqdo|vlv ri Wudqvlwlrq Gdwd/ Fdpeulgjh/
fdpeulgjh Xqlyhuvlw| Suhvv1

^66` Odqfdvwhu/ W1/ Qlfnhoo/ V1/ +4<;3,/ �Wkh Dqdo|vlv ri uhhpsor|phqw suredelolwlhv
iru wkh xqhpsor|hg�/ Mrxuqdo ri wkh Ur|do Vwdwlvwlf Vrflhw|/ D/ 47:/ ss1 47404981

^67` Ohfkhqh/ Y1/ Pdjqdf/ W1/ +4<<8,/ �O*ìydoxdwlrq ghv srolwltxhv sxeoltxhv
g*lqvhuwlrq ghv mhxqhv vxu oh pdufkì gx wudydlo= txhvwlrqv plfur0ìfrqrpltxhv�/
Lqvhuwlrq ghv mhxqhv vxu oh pdufkì gx wudydlo= rxwlov g*dqdo|vh hw dqdo|vhv hp0

slultxhv/ Udssruw ã od Gìohjdwlrq Lqwhuplqlvwìulhooh ã o*Lqvhuwlrq ghv Mhxqhv/ ss1
40761

^68` Pdjqdf/ W1/ +4<<8,/ �Lqvhuwlrq ghv mhxqhv vxu oh pdufkì gx wudydlo= xqh dssurfkh
vwdwltxh hw g|qdpltxh vxu grqqìhv orqjlwxglqdohv�/ Lqvhuwlrq ghv mhxqhv vxu oh

pdufkì gx wudydlo= rxwlov g*dqdo|vh hw dqdo|vhv hpslultxhv/ Udssruw ã od Gìohjd0
wlrq Lqwhuplqlvwìulhooh ã o*Lqvhuwlrq ghv Mhxqhv/ Dyulo 4<<81

^69` Pdjqdf/ W1/ +4<<9d,/ �Lqvhuwlrq ghv mhxqhv vxu oh pdufkì gx wudydlo= xqh dssurfkh
vwdwltxh hw g|qdpltxh vxu grqqìhv orqjlwxglqdohv�/ Glvfxvvlrq Sdshu KHGP1

^6:` Pdjqdf/ W1/ +4<<9e,/ �Vwdwh Ghshqghqfh dqg Khwhurjhqhlw| lq \rxwk Hpsor|0
phqw Klvwrulhv�/ lq Dqdo|vhv Hfrqrpìwultxhv ghv gìwhuplqdqwv ìfrqrpltxhv ghv

wudmhfwrluhv ghv mhxqhv vxu oh pdufkì gx wudydlo0Udssruw Ilqdo ã od Gluhfwlrq Lq0
whuplqlvwìulhooh ã o*Lqvhuwlrq ghv Mhxqhv/ vhswhpehu4<<:1

^6;` Pdjqdf/ W1/ Ylvvhu/ P/ +4<<9,/ �Wudqvlwlrq Prghov zlwk Phdvxuhphqw Huuruv�/
lq Dqdo|vhv Hfrqrpìwultxhv ghv gìwhuplqdqwv ìfrqrpltxhv ghv wudmhfwrluhv ghv

mhxqhv vxu oh pdufkì gx wudydlo0Udssruw Ilqdo ã od Gluhfwlrq Lqwhuplqlvwìulhooh ã
o*Lqvhuwlrq ghv Mhxqhv/ Vhswhpehu 4<<:1

^6<` Pdqwho/ Q1 +4<99,/ �Hydoxdwlrq ri Vxuylydo Gdwd dqg wkh Wzr Qhz Udqn Ru0
ghu Vwdwlvwlfv dulvlqj lq lwv Frqvlghudwlrq�/ Fdqfhu Fkhprwkhuds| Uhsruwv/ 83/
ss149604:31

^73` Ph|hu/ E1G1 +4<<3,/ �Xqhpsor|phqw Lqvxudqfh dqg Xqhpsor|phqw Vshoov�/
Hfrqrphwulfd/ yro18;/ q17/ ss1 :8:0:;51

^74` Ph|hu/ E1G1 +4<<8,/ �Vhplsdudphwulf hvwlpdwlrq ri Kd}dug Prghov�/ plphr1

^75` Pruhdx D1/ Ylvvhu P1 +4<;<,/ �Gxudwlrq ri \rxwk Xqhpsor|phqw lq Iudqfh�/
Glvfxvvlrq Sdshu/ q1 <339/ LQVHH/ Sdulv1

^76` Qduhqgudqdwkdq/ Z1/ Vwhzduw/ P1E1 +4<<6,/ �Krz Grhv wkh Ehqh�w H�hfwv Ydu|
dv Xqhpsor|phqw Vshoo OhqjwkhqB�/ Mrxuqdo ri Dssolhg Hfrqrphwulfv/ yro1 ;/
ss169406;41

^77` Suhqwlfh U1/ Jorhfnhu O1 +4<:;,/ �Uhjuhvvlrq Dqdo|vlv ri Jurxshg Vxuylydo Gdwd
zlwk Dssolfdwlrq wr Euhdvw Fdqfhu Gdwd�/ Elrphwulfv/ 67/ s1 8:09:1

^78` Vqhhvvhqv/ K1 +4<<7,/ �Frxueh gh Ehyhulgjh hw ghpdqgh gh txdol�fdwlrqv�/
Hfrqrplh hw Suìylvlrq/ q144604471

^79` Vwhzduw/ P1E1 +4<<9,/ �Khwhurjhqhlw| Vshfl�fdwlrq lq Xqhpsor|phqw Gxudwlrq
Prghov�/ xqsxeolvkhg grfxphqw/ Xqlyhuvlw| ri Zduzlfn1
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^7:` Wkìorw/ F1 +4<;;,/ �Od vruwlh gx fk÷pdjh�/ Pìodqjhv ìfrqrpltxhv1 Hvvdlv hq

o*krqqhxu g*Hgprqg Pdolqydxg/ Hfrqrplfd/ Sdulv1

^7;` ydq ghq Ehuj J1M1/ ydq Rxuv M1F1 +4<<9,/ �Gxudwlrq ghshqghqfh dqg khwhurjhqh0
lw| lq Iuhqfk \rxwk Xqhpsor|phqw Gxudwlrqv�/ Glvfxvvlrq Sdshu/ Wlqehujhq
Lqvwlwxwh1

^7<` Ylvvhu/ P1/ +4<<8,/ �Hvwlpdwlrq gh wudqvlwlrqv vxu oh pdufkì gx wudydlo sdu ghv
prgëohv gh gxuìh�/ Lqvhuwlrq ghv mhxqhv vxu oh pdufkì gx wudydlo= rxwlov g*dqdo|vh

hw dqdo|vhv hpslultxhv/ Udssruw ã od Gìohjdwlrq Lqwhuplqlvwìulhooh ã o*Lqvhuwlrq
ghv Mhxqhv/ Dyulo 4<<81
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