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Devwudfw

Wklv sdshu h{dplqhv hpslulfdoo| wkh lpsdfw ri uhsurgxfwlyh h{whuqdolwlhv rq
ihuwlolw| ehkdylrxu lq rqh ghyhorslqj vrflhw| 0 Nhq|d1 Zh h{dplqh wklv lvvxh
e| txdqwli|lqj wkh h�hfwv ri jurxs phpehuvkls rq wkh qxpehu ri fkloguhq hyhu
eruq1 Lq frqwudvw wr wkh zrun ri Prxowrq +4<<3,/ dqg Sdnhv +4<;6,/ zkr h{dp0
lqh wkh frqvhtxhqfhv ri vlpso| ljqrulqj jurxs h�hfwv lq uhjuhvvlrq dqdo|vlv/ wkh
irfxv ri wklv vwxg| lv wkh lghqwl�fdwlrq ri vwuxfwxudo irupv ri vrfldo lqwhudfwlrq
rshudwlqj dfurvv lqglylgxdov lq wkh frqwh{w ri ihuwlow| ehkdylrxu1 Krzhyhu/ do0
wkrxjk d qxpehu ri frpphqwdwruv duh fduhixo wr srlqw rxw wkh frqglwlrqv xqghu
zklfk vwuxfwxudo irupv ri ghshqghqfh pd| eh vhsdudwhg iurp uhvlgxdo ghshq0
ghqfh/ zh dovr kljkoljkw wkh lpsruwdqfh ri gl�huhqw h{suhvvlrqv ri vwuxfwxudo
ghshqghqfh1 Wkxv/ dowkrxjk lq wkh pdmrulw| ri hpslulfdo dssolfdwlrqv zklfk
lqfoxgh vrfldo lqwhudfwlrqv/ d vlqjoh prgh ri vrfldo lqwhudfwlrq lv dvvxphg/ iro0
orzlqj wkh w|srorj| vxjjhvwhg e| Jodhvhu/ zh frqvlghu d prgho zklfk lqfoxghv
pxowlsoh h{suhvvlrqv ri vrfldo lqwhudfwlrq1 Li wkh dvvxpswlrq ri d vlqjoh prgho
ri lqwhudfwlrq lv pdgh/ huurqhrxvo|/ wkhq lw lv srvvleoh wr duulyh dw lqfruuhfw
lqihuhqfhv1

Dfnqrzohgjhphqwv1 Zh duh judwhixo wr Sduwkd Gdvjxswd/ Dqguhz Kdu0
yh|/ Kdvkhp Shvdudq/ dqg vhplqdu sduwlflsdqwv dw wkh Eurrnlqjv Lqvwlwxwh/ Pd{
Sodqfn Lqvwlwxwh lq Mhqd/ Vw Dqguhzv/ dqg wkh Xqlyhuvlw| ri Fdpeulgjh1

MHO Fodvvl�fdwlrq=

Nh|zrugv= ihuwlolw| ehkdylrxu/ vwudwhjlf frpsohphqwdulwlhv/ vrfldo

lqwhudfwlrq/ hqgrjhqrxv h�hfwv/ hwkqlflw|/ Nhq|d 1

Wfruuhvsrqglqj dxwkru= hpdlo=pz54:Chfrq1fdp1df1xn1
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4 Lqwurgxfwlrq

Wkh vkliw lq vrflhw| iurp d kljk wr d orz0ihuwlolw| uhjlph/ dv zlwqhvvhg lq klvwrulfdo
Hxurshdq srsxodwlrqv dqg lq vrph Hdvw Dvldq ghyhorslqj hfrqrplhv ryhu uhodwlyho|
vkruw shulrgv ri wlph/ kdv vkrzq wkdw wklv kdv vljql�fdqw uhshufxvvlrqv iru hfrqrplf
ghyhorsphqw dqg wkh txdolw| ri olih1 Uhfhqwo| erwk hfrqrplvwv dqg ghprjudskhuv
kdyh h{dplqhg wkh edodqfh ehwzhhq hfrqrplf dqg qrq0hfrqrplf idfwruv lq rufkhv0
wudwlqj d ihuwlolw| wudqvlwlrq1 Fodvvlf vwxglhv ri ihuwlolw| vxfk dv wkrvh uhsruwhg e| wkh
Sulqfhwrq Ihuwlolw| Surmhfw kljkoljkwhg wkdw wkh wudqvlwlrq wr orz ihuwlolw| lq klvwrulfdo
Hxurshdq srsxodwlrqv rffxuuhg lq d ydulhw| ri gl�huhqw vrflr0hfrqrplf dqg lqvwlwx0
wlrqdo frqwh{wv/ zlwk d vljql�fdqw uroh ehlqj sod|hg e| wkh orfdo vrfldo hqylurqphqw
dqg odqjxdjh +Frdoh dqg Zdwnlqv +4<;9,/ Ihghulfl/ Pdvrq/ dqg Vrjqhu +4<<6,,1
Pruh uhfhqw vwxglhv lq ghyhorshg dqg ghyhorslqj frxqwulhv dolnh kdyh hpskdvlvhg
wkh uroh ri wkh vrfldo folpdwh dqg wkh lq xhqfh ri vrfldo lqwhudfwlrqv rq ghprjudsklf
ehkdylrxu +Hjhur dqg Kdppudvnmrog +4<<7,/ Nrkohu +5334,/ Kdqn +5334,,1 Wkhvh
hpslulfdo �qglqjv kdyh ohg pdq| hfrqrplvwv qdwxudoo| wr irfxv rq prghoolqj wkh
lq xhqfh ri vrfldo lqwhudfwlrqv rq frqwhpsrudu| ihuwlolw| wudqvlwlrqv +Pdqvnl +4<<6,/
Pdqvnl dqg Pd|vkdu +5335,, dqg rq wkh uhsurgxfwlyh h{whuqdolwlhv dqg frruglqdwlrq
idloxuhv dvvrfldwhg zlwk ihuwlolw| ehkdylrxu shu vh ++Gdvjxswd +5333,> Nrkohu +5334,,
1

Lq nhhslqj zlwk wklv olwhudwxuh/ wklv vwxg| h{dplqhv vrfldo lqwhudfwlrqv lq wkh
frqwh{w ri ihuwlolw| ehkdylrxu lq Nhq|d1 Exw zh kljkoljkw d fuxfldo srlqw riwhq ryhu0
orrnhg lq erwk wkh wkhruhwlfdo dqg hpslulfdo olwhudwxuh rq wklv lvvxh1 Vlpso|/ wkdw
wkhuh duh gl�huhqw ohyhov dw zklfk vrfldo lqwhudfwlrqv rffxu1 Zh dujxh wkdw wklv kdv
surirxqg lpsolfdwlrqv/ erwk wkhruhwlfdoo| dqg hpslulfdoo|/ iru vwxglhv ri ihuwlolw| eh0
kdylrxu dqg vrfldo lqwhudfwlrqv/ dqg iru wkh vwxg| ri vrfldo lqwhudfwlrqv dqg hfrqrplf
skhqrphqrq/ pruh zlgho|1 Iru h{dpsoh/ lqglylgxdo ehkdylrxu derxw ihuwlolw| pd|
eh lq xhqfhg e| lqglylgxdov* pxowlsoh vrfldo lghqwlwlhv 0 uhjlrqdo lghqwlwlhv/ hwkqlf
lghqwlwlhv/ uholjlrxv lghqwlwlhv/ olqjxlvwlf lghqwlwlhv1 Wkh nh| txhvwlrq iru wkh hp0
slulfdo prgholqj ri vrfldo lqwhudfwlrqv lv zkhwkhu/ dqg wr zkdw h{whqw/ vlqjxodu ru
soxudo lghqwlwlhv suhgrplqdwh lq rughu wr lq xhqfh ghflvlrq0pdnlqj derxw hfrqrplf
rxwfrphv1 Lq wkh frqwh{w ri ihuwlolw| ehkdylrxu/ wkhvh lghqwlwlhv kdyh lpsolfdwlrqv
iru wkh wrwdo qxpehu ri fkloguhq hyhu eruq wr frxsohv1 Zh dujxh wkdw pxowlsoh vr0
fldo lqwhudfwlrqv pdwwhu/ dqg wkdw wkhlu frqvhtxhqfh qhhgv wr eh dgguhvvhg erwk
wkhruhwlfdoo| dqg hpslulfdoo|1 Zh gr vr e| prghoolqj wkhvh lqwhudfwlrqv irupdoo|
0 vshfl�fdoo| zlwk uhvshfw wr jhrjudsk| dqg hwkqlflw| 0 dqg wkhq e| dsso|lqj wklv
prgho wr dq hpslulfdo gdwdvhw iurp Nhq|d1

Zh frqfhlyh ri wkh ihuwlolw| ri d Nhq|dq zrpdq wr eh lq xhqfhg e| d udqjh ri idf0
wruv vxfk dv khu lqglylgxdo fkdudfwhulvwlfv dqg wkh fkdudfwhulvwlfv ri wkh krxvhkrog
wr zklfk vkh ehorqjv1 Krzhyhu/ zh duh dovr lqwhuhvwhg lq wkh lq xhqfh ri uhsur0
gxfwlyh h{whuqdolwlhv 0 wkh vrfldo hqylurqphqw dqg frqwh{w zlwklq zklfk wkh zrpdq
pdnhv khu ihuwlolw| fkrlfhv1 Zh srvwxodwh wkdw wkh vrfldo hqylurqphqw lpslqjhv rq
d zrpdq*v ehkdylrxu wkurxjk wkh pxowlsoh lqwhudfwlrqv wkdw vkh xqghuwdnhv dw wkh
krxvhkrog dqg jurxs ohyho1 Lq wklv frqwh{w zh lqyhvwljdwh wkh lpsdfw ri erwk ihuwlolw|
ehkdylrxu dqg fkdudfwhulvwlfv ri dssursuldwho| gh�qhg jurxsv ri rwkhu lqglylgxdov/
lqfoxglqj krxvhkrog phpehuv/ phpehuv ri d yloodjh foxvwhu dqg hwkqlf jurxs1 Lq
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grlqj vr zh frqvlghu wkh srvvlelolw| wkdw erwk orfdo dqg joredo irupv ri lqwhudf0

wlrq pd| frh{lvw dqg eh lpsruwdqw/ fkdudfwhulvhg e| gl�huhqw phfkdqlvpv ri vrfldo
lqwhudfwlrq1 Ghfrpsrvlqj wkh lq xhqfh ri uhsurgxfwlyh h{whuqdolwlhv lqwr krxvhkrog0
ohyho/ foxvwhu0ohyho dqg hwkqlf jurxs lqwhudfwlrqv/ kdv lpsolfdwlrqv iru wkh pdqqhu lq
zklfk zh frqfhlyh ri wkh phfkdqlvpv e| zklfk vrfldo lqwhudfwlrqv idflolwdwh d ihuwlolw|
wudqvlwlrq1

Wkh uhvhdufk suhvhqwhg lq wklv sdshu txdqwli|lhv wkh h�hfwv ri pxowlsoh vrfldo
lqwhudfwlrqv dqg jurxs phpehuvkls rq wkh qxpehu ri fkloguhq hyhu eruq1 Lq vhhnlqj
wr glvhqwdqjoh wkh h�hfwv rshudwlqj dw wkh ohyho ri wkh lqglylgxdo iurp h�hfwv zklfk
duh phgldwhg e| wkh rxwfrphv ri jurxs ehkdylrxu/ fhqwudo wr rxu dqdo|vlv lv wkh
lghqwl�fdwlrq ri wkh fkdqqhov wkurxjk zklfk uhsurgxfwlyh h{whuqdolwlhv duh sursd0
jdwhg1 Lq wklv uhvshfw/ zh dovr kljkoljkw wkh h{lvwhqfh ri prgho xqfhuwdlqw| dv wr
zkhwkhu wkhvh h�hfwv duh phgldwhg wkurxjk krxvhkrog frpsrvlwlrq/ hwkqlf d!old0
wlrq/ d qhljkerxukrrg foxvwhu h�hfw/ ru vrph frpelqdwlrq wkhuhri1 Dq lpsruwdqw
frqfoxvlrq ri wkh suhvhqw vwxg| lv wkdw wkh h{lvwhqfh ri pxowlsoh fkdqqhov ri vrfldo
lqwhudfwlrqv lpsolhv wkdw wkh dqdo|vw qhhgv wr h{huflvh fdxwlrq lq pdnlqj lqihuhqfhv1
Vshfl�fdoo|/ zh dujxh wkdw erwk orfdo dqg joredo lqwhudfwlrqv zloo eh vljql�fdqw iru

ihuwlolw| ehkdylrxu dqg wkdw ljqrulqj wkh h{lvwhqfh ri rqh ru wkh rwkhu pd| ohdg wr

vsxulrxv lqihuhqfhv1 Rwkhu vwxglhv ri ihuwlolw| edkdylrxu gr frqvlghu wkh txhvwlrq ri
vsxulrxv lqihuhqfh/ exw wkh| gr vr pruh lq wkh frqwh{w ri wkh rplwwhg yduldeohv wkdw
dffrxqw iru xqrevhuyhg yduldwlrq ehwzhhq jurxsv1 Zh dujxh wkdw e| qrw uhfrjqlv0
lqj wkh pxowlsoh qdwxuh ri vrfldo lqwhudfwlrqv/ wklv frxog ohdg wr plvvshfl�fdwlrqv lq
prghov wkdw dwwhpsw wr fdswxuh wkhvh vrfldo lqwhudfwlrqv txdqwlwdwlyho|1

Wkh uhvhdufk kdv frqvlghudeoh srolf| uhohydqfh wr srsxodwlrq srolf| lq Nhq|d/
dqg wr ghyhorsphqw srolf| pruh zlgho|1 Iru h{dpsoh/ zh dujxh wkdw wr wkh h{whqw
wkdw ihuwlolw| lv lq xhqfhg e| *orfdo* dqg2ru e| *joredo* lqwhudfwlrqv/ hdfk nlqg ri
lqwhudfwlrq zloo vxjjhvw d gl�huhqw uroh iru srolf|1 Iru h{dpsoh/ li orfdo lqwhudfwlrqv
duh lpsruwdqw/ vshfl�fdoo| wdujhwhg lqwhuyhqwlrqv lq duhdv ri kljk ihuwlolw| zloo eh
h�hfwlyh1 Pruh vljql�dqwo|/ zh dujxh wkdw li d vlqjxodu irup ri lqwhudfwlrq lv suh0
vxssrvhg/ dqg pruh joredo lqwhudfwlrqv duh ljqruhg/ wkhq wkh lqihuhqfh edvhg xsrq
wkh dvvxpswlrq ri d vlqjoh irup ri vrfldo lqwhudfwlrq/ pd| eh vsxulrxv1 Vhfrqg/
wkdw hgxfdwlrq iru zrphq dqg wkh uroh ri wkh phgld pd| eh lpsruwdqw lq rughu wr
lq xhqfh lghdv derxw vrfldo qrupv frqfhuqlqj ihuwlolw|1 Dqg wkdw hfrqrplf fkdudf0
whulvwlfv lqwhudfw zlwk vrfldo qrupv/ vr wkdw udlvlqj lqfrph zloo eh d vljql�fdqw idfwru
iru ihuwlolw| ghfolqh1

Vhfwlrq 5 vxppdul}hv wkh olwhudwxuh rq vrfldo lqwhudfwlrqv dqg ihuwlolw| ehkdylrxu1
Lq vhfwlrq 6 zh surylgh dq dqwkursrorjlfdo ryhuylhz ri hwkqlf jurxsv lq Nhq|d/
kljkoljkwlqj wkh fkdudfwhulvwlfv zklfk duh uhohydqw iru ihuwlolw| ehkdylrxu1 Lq vhfwlrq
6 zh suhvhqw d prgho ri uhsurgxfwlyh h{whuqdolwlhv zlwk vrfldo xwlolw| h�hfwv iru erwk
vsdwldo sur{lplw| dqg hwkqlflw|1 Lq vhfwlrqv 7 dqg 8 zh frqvlghu wkh glvwlqfwlrq
ehwzhhq pxowlsoh ohyhov ri vrfldo lqwhudfwlrq/ zlwk wkh irfxv rq wkh frpsrvlwlrq
ri wkh ydulrxv jurxsv zklfk phgldwh lqwhudfwlrq h�hfwv/ dqg wkh w|shv ri vrfldo
lqwhudfwlrq/ iroorzlqj Pdqvnl*v w|srorj| ri hqgrjhqrxv/ h{rjhqrxv/ dqg fruuhodwhg
h�hfwv1 Lq vhfwlrq 9 zh h{dplqh d qxpehu ri lvvxhv uhodwlqj wr frqgxfwlqj lqihuhqfh
rq vrfldo lqwhudfwlrq/ lqfoxglqj srsxodwlrq dqg hpslulfdo lghqwl�fdwlrq/ dqg dq|
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olplwv wr lqihuhqfh zklfk iroorz iurp wkh xvh ri d vlqjoh furvv0vhfwlrq1 Lq vhfwlrq :
zh frqvlghu wkh irup ri d qxpehu ri qrq0olqhdu prghov ri ihuwlolw| ehkdylrxu/ dqg lq
vhfwlrq ; zh lqwurgxfh wkh gdwd1 Zh glvfxvv rxu uhvxowv lq vhfwlrq </ dqg vhfwlrq 43
frqfoxghv1

5 Olwhudwxuh uhylhz= Vrfldo lqwhudfwlrqv dqg ihuwlolw| eh0
kdylrxu

Wkh wkhruhwlfdo olwhudwxuh rq hfrqrplf prghov ri vrfldo lqwhudfwlrqv prghov wkh lq0
 xhqfh ri qrq0pdunhw lqvwlwxwlrqv rq pdunhw lqvwlwxwlrqv lq rughu wr d�hfw hfrqrplf
rxwfrphv +Eurfn dqg Gxuodxi +5336,> Jodhvhu dqg Vfkhlqnpdq +4<<<,,1Wkhuh lv d
zhoo0hvwdeolvkhg dqg glyhuvh olwhudwxuh wkdw kdv lqyhvwljdwhg wkh lpsdfw ri vrfldo lq0
whudfwlrqv rq hfrqrplf skhqrphqrq dv grfxphqwhg e| Eurfn dqg Gxuodxi +5336,1
Wklv vwxg| dujxhv wkdw wkhuh kdyh ehhq wzr dssurdfkhv dgrswhg wr lqyhvwljdwh vrfldo
lqwhudfwlrqv1 Wkh �uvw lv wkh lpsdfw ri vrfldo lqwhudfwlrqv lq suhghwhuplqhg jurxsv
+Dnhuori +4<<:,> Eurfn dqg Gxuodxi +5333,Eurfn dqg Gxuodxi +5334,,1 Wklv olwhu0
dwxuh hpskdvlvhv krz lqwhudfwlrqv d�hfw lqglylgxdo dqg jurxs0ohyho rxwfrphv lq d
furvv0vhfwlrq1 Eurfn dqg Gxuodxi dovr dujxh wkdw d vhfrqg vwudqg ri wklv olwhudwxuh
irfxvhv rq krz vrfldo lqwhudfwlrqv ohdg wr jurxs irupdwlrq zlwk sduwlfxodu hpskdvlv
rq wkh jurzwk ri uhvlghqwldo qhljkerxukrrgv1 Wklv olwhudwxuh kdv irfxvhg rq txhv0
wlrqv ri jhrjudsklf sur{lplw|/ hwkqlflw|/ dqg wkh nlqgv ri jurxsv wkdw ohdg wr vrfldo
lqwhudfwlrqv + +Dl}hu dqg Fxuulh +5335,> Erumdv +4<<8,> Jlqwkhu/ Kdyhupdq/ dqg
Zroih +5333,> Frqoh| dqg Wrsd +5335,,1

Lq wkh frqwh{w ri krz ihuwlolw| ehkdylrxu lv lq xhqfhg e| vrfldo lqwhudfwlrqv/ zh
fdq wklqn ri wklv skhqrphqrq dv iroorzv= frqvlghu gl�huhqfhv lq wkh yduldqfh ryhu ixq0
gdphqwdov zlwklq d jlyhq srsxodwlrq/ uhodwlyh wr wkh yduldqfh lq rxwfrphv1Frqglwlrqdo
xsrq lghqwli|lqj d �{hg vhw ri ixqgdphqwdov dv frpsulvhg ri d yhfwru ri fkdudfwhu0
lvwlfv ri erwk wkh lqglylgxdo dqg wkh krxvhkrog/ wkhq dq dwrplvwlf prgho ri ihuwlolw|
ehkdylrxu vlpso| irfxvvhv rq wkh gluhfw d�hfwv dwwulexwdeoh wr d fkdqjh lq wkhvh ixq0
gdphqwdov1 Vxevhtxhqwo|/ li zh wkhq revhuyh wkdw wkh yduldqfh lq ihuwlolw| rxwfrphv
lv lq h{fhvv ri wkdw zklfk pljkw eh dffrxqwhg iru e| gl�huhqfhv lq ixqgdphqwdov/
dqg wkdw vljq ri dq| fkdqjh lv wkdw zklfk zrxog eh suhglfwhg e| ixqgdphqwdov/ dq
h{whqvlrq ri wkh vwdqgdug ihuwlolw| prgho wr doorz iru wkh h{lvwhqfh ri vrfldo pxowl0
solhu h�hfwv zrxog vhhp uhdvrqdeoh +vhh/ iru h{dpsoh/ Ehfnhu dqg Pxusk| +5333,,1
Wkh frqyhqwlrqdo hfrqrplf krxvhkrog ghpdqg prgho ri ihuwlolw| ehkdylrxu srvlwv
wkdw d frxsoh*v ihuwlolw| lv d ixqfwlrq ri wkh prqh| frvwv ri fkloguhq dqg wkh rssru0
wxqlw| frvwv ri wkh ydoxh ri sduhqwdo wlph +Ehfnhu +4<;4,,1 Pruh uhfhqw wkhruhwlfdo
zrun ri Gdvjxswd +4<<6,/ Nrkohu +5333,/ dqg Gdvjxswd +5333, kdv dujxhg wkdw d
frxsoh*v ihuwlolw| pd| eh lq xhqfhg e| wkh ohyho ri ihuwlolw| ri doo rwkhu frxsohv zlwklq
d vrflhw|1Lq wkh prvw jhqhudo vhqvh/ wklv lv zkdw lv phdqw e| *vrfldo lqwhudfwlrq* lq
d ihuwlolw| frqwh{w= lw lv wkh sxeolf lqwhudfwlrq ehwzhhq lqglylgxdov lq d vrflhw| dv
wkh| shufhlyh hdfk rwkhu dqg revhuyh hdfk rwkhuv* ihuwlolw| ehkdylrxu1 Wklv frqvh0
txhqwo| dowhuv wkhlu vrfldo hqylurqphqw/ zklfk lq wxuq xowlpdwho| lq xhqfhv wkhlu
sulydwh ghflvlrq0pdnlqj derxw ihuwlolw|1 Dv d frqvhtxhqfh/ wkh h{lvwhqfh ri vrfldo lq0
whudfwlrqv pd| ohdg wr pxowlsoh htxloleuld dqg frruglqdwlrq idloxuhv lq ghprjudsklf
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ghflvlrq0pdnlqj/ vkrzq e| d kljk ohyho ri yduldelolw| lq rxwfrphv iru d jlyhq vhw ri
ixqgdphqwdov1

Iru h{dpsoh/ Prqwjrphu|/ Nlurv/ Dj|hpdq/ Fdvwhuolqh/ Djorelwvh/ dqg Khzhww
+5334, pdnh wkh glvwlqfwlrq ehwzhhq vrfldo ohduqlqj dqg vrfldo lq xhqfh1 Lq d ghyho0
rslqj vrflhw| olnh Nhq|d/ wkh odwwhu pd| rffxu wkurxjk wkh h�hfw ri hwkqlf doohjldqfh>
zkhuhdv ohduqlqj pd| eh phgldwhg e| wkh h{shulhqfh ri olylqj zlwklq vpdoohu jurxsv/
vxfk dv h{whqghg krxvhkrogv/ ru foxvwhuv ri krxvhkrogv lq forvh sur{lplw|1 Ihuwlolw|
ehkdylrxu pd| wkhq eh phgldwhg e| vrfldo lqwhudfwlrqv erwk zlwklq rqh ru pruh ri
wkhvh jurxsv/ ru e| lqwhudfwlrqv dfurvv gl�huhqw jurxsv1

Lq wkh vrfldo lqwhudfwlrq olwhudwxuh/ wkuhh k|srwkhvhv duh riwhq dgydqfhg wr h{0
sodlq wkh revhuydwlrq wkdw lqglylgxdov ehorqjlqj wr d frpprq uhihuhqfh jurxs whqg
wr ehkdyh vlploduo|/ hyhq diwhu frqwuroolqj iru d vhw ri revhuyhg lqglylgxdo fkdudfwhu0
lvwlfv1 Wkhvh k|srwkhvhv/ dv rxwolqhg e| Pdqvnl +4<<6, duh=

d, hqgrjhqrxv h�hfwv= wkh surshqvlw| ri dq lqglylgxdo wr dfw lq vrph zd| ydulhv/
fhwhulv sdulexv/ zlwk wkh dfwlrqv ri wkhlu uhihuhqfh jurxs1 Iru h{dpsoh/ d ghvluh
wr frqirup pljkw uhvxow lq dq dwwhpsw wr plqlplvh wkh gl�huhqfh ehwzhhq
wkhlu fkrlfh ri dfwlrq dqg wkdw ri rwkhu phpehuv ri wkhlu uhihuhqfh jurxs1
Gxuodxi dqg Zdonhu +4<<;, qrwh wkdw dq hqgrjhqrxv h�hfw lv dqdorjrxv wr d
sxuh frqwdjlrq h�hfw lq hslghplrorj|1 Krzhyhu/ dowkrxjk lq wklv lqvwdqfh wkh
olnholkrrg ri lqihfwlrq lv dq lqfuhdvlqj ixqfwlrq ri wkh sursruwlrq ri srsxodwlrq
lqihfwhg dqg ghqvlw| +Ihoohu +4<:4,/ d frqwdjlrq h�hfw dorqh lv qrw vx!flhqw iru
vrfldo lqwhudfwlrq1 Dv qrwhg deryh/ iru dq hqgrjhqrxv vrfldo lqwhudfwlrq h�hfw
zh uhtxluh wkh frpelqhg h�hfw ri frqwdjlrq dqg vrfldo lq xhqfh1

e, h{rjhqrxv ru frqwh{wxdo h�hfwv= wkh surshqvlw| ri dq lqglylgxdo wr ehkdyh lq vrph
zd| ydulhv/ fhwhulv sdulexv/ zlwk wkh h{rjhqrxv/ revhuyhg phdq fkdudfwhulvwlfv
ri wkh uhihuhqfh jurxs1 Wklv uh hfwv d w|sh ri h{whuqdolw| zklfk gl�huv iurp
wkdw deryh= zlwk hqgrjhqrxv h�hfwv lw lv wkh dfwlrqv ri rwkhu phpehuv ri
wkh jurxs zklfk lq xhqfhv lqglylgxdo dfwlrq> zlwk h{rjhqrxv h�hfwv lw lv wkh
fkdudfwhulvwlfv ri rwkhu phpehuv ri wkh jurxs zklfk lq xhqfhv rzq dfwlrq1

f, fruuhodwhg h�hfwv= lqglylgxdov lq wkh vdph jurxs whqg wr ehkdyh vlploduo| eh0
fdxvh wkh| kdyh vlplodu lqglylgxdo fkdudfwhulvwlfv ru idfh vlplodu lqvwlwxwlrqdo
hqylurqphqwv1 Wklv pd| ru pd| qrw uh hfw d w|sh ri cvrfldo* h�hfw1 Iru h{dp0
soh/ lw pd| eh wkdw fruuhodwhg h�hfwv dprqjvw phpehuv ri d uhihuhqfh jurxs
duh wkh uhvxow ri d frpprq/ xqrevhuyhg fkdudfwhulvwlf zklfk lv qrw vrfldoo|0
ghwhuplqhg/ h1j1 zhdowk1 Lqvridu dv wklv frxog dsshdu wr eh d vrfldo h�hfw/ lw
lv hqwluho| vsxulrxv1 Vr orqj dv wkh vrxufh ri wkh fruuhodwlrq lv xqrevhuyhg/
fruuhodwlrq zlwklq uhihuhqfh jurxsv fdqqrw eh gh�qlwlyho| dvfulehg wr cvrfldo
h�hfwv*1

Uhfhqw hfrqrplf dqdo|vhv ri ihuwlolw| ehkdylrxu kdyh ehhq pxfk frqfhuqhg zlwk
vrfldo lqwhudfwlrqv +vhh Prqwjrphu|/ Nlurv/ Dj|hpdq/ Fdvwhuolqh/ Djorelwvh/ dqg
Khzhww +5334,/ Kdqn +5334,/ Qdxfn +4<<8,/ Ehfnhu dqg Pxusk| +5333,/ Nrkohu
+5334,/ dqg Pdqvnl +5333,,/ dqg lw lv srvvleoh wr lghqwli| hqgrjhqrxv/ h{rjhqrxv dqg
fruuhodwhg h�hfwv rq ihuwlolw| ghflvlrqv1 Lq d ihuwlolw| frqwh{w/ wkhuh lv dq hqgrjhqrxv
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h�hfw li/ fhwhulv sdulexv/ d zrpdq*v FHE whqgv wr ydu| zlwk wkh dyhudjh FHE ri
phpehuv ri khu hwkqlf jurxs ru orfdolw|/ shukdsv ehfdxvh vkh vx�huv d xwlolw| orvv
iurp ghyldwlrqv iurp jurxs ehkdylrxu1 Wkhuh lv dq h{rjhqrxv ru frqwh{wxdo h�hfw li/
fhwhulv sdulexv/ d zrpdq*v FHE whqgv wr ydu| zlwk +ru pruh sodxvleo| lqyhuvho| zlwk,
wkh dyhudjh hgxfdwlrqdo dwwdlqphqw ri khu hwkqlf jurxs ru orfdolw|1 Iru h{dpsoh/
wkh h{lvwhqfh ri hgxfdwhg qhljkerxuv pd| irvwhu srvlwlyh dwwlwxghv wrzdugv vpdoohu
idplo| vl}h1 Dowhuqdwlyho|/ zrphq*v *h{lw rswlrqv* pd| eh zlghqhg zlwklq wkh vrflhw|
dw odujh/ zkhwkhu ru qrw wkh| dfwxdoo| wdnh xs pruh hgxfdwlrq14 Ilqdoo|/ wkhuh lv
d fruuhodwhg h�hfw li/ fhwhulv sdulexv/ zrphq lq wkh vdph hwkqlf jurxs ru orfdolw|
whqg wr kdyh vlplodu FHE ehfdxvh wkh| duh/ iru h{dpsoh/ vlploduo| zhdowk|1 Wkh
wkuhh k|srwkhvhv zrxog kdyh gl�huhqw srolf| lpsolfdwlrqv1 Frqvlghu/ iru h{dpsoh/
dq lqwhuyhqwlrq wr surylgh iuhh frqwudfhswlrq wr vrph phpehuv ri dq hwkqlf jurxs
ru d qxpehu ri qhljkerxukrrgv1 Li wkhuh duh hqgrjhqrxv h�hfwv/ wkhq dq h�hfwlyh
srolf| ri iuhh frqwudfhswlrq pd| erwk gluhfwo| uhgxfh wkh ihuwlolw| ri wkh uhflslhqwv
exw/ dv wkhlu ihuwlolw| ghfuhdvhv/ lqgluhfwo| uhgxfhv wkh ihuwlolw| ri doo rwkhu phpehuv
ri wkdw hwkqlf jurxs ru qhljkerxukrrg/ zlwk d ihhgedfn wr ixuwkhu ihuwlolw| uhgxfwlrqv
e| wkh uhflslhqwv ri wkh iuhh frqwudfhswlrq1 H{rjhqrxv h�hfwv dqg fruuhodwhg h�hfwv
zloo qrw/ lq jhqhudo/ jhqhudwh wklv nlqg ri vrfldo pxowlsolhu h�hfw1

Wkh srwhqwldo h�hfwv ri hgxfdwlrq rq ihuwlolw| fdq eh ghfrpsrvhg lqwr 6 frpsr0
qhqwv1 Wkh �uvw lv wkh h�hfw ri lqglylgxdo hgxfdwlrqdo dwwdlqphqw rq lqglylgxdo0ohyho
ihuwlolw|1 Lq d ghyhorslqj vrflhw|/ wklv zrxog eh ghshqghqw rq wkh prqh|0frvwv ri
dftxlulqj dq hgxfdwlrq dqg wkh rssruwxqlw| frvwv ri zdjhv iruhjrqh1 Vhfrqgo|/ hg0
xfdwlrq dovr h{huwv dq lq xhqfh rq ihuwlolw| lq whupv ri phdq jurxs ehkdylrxu l1h1
wkh phdq ohyho ri hgxfdwlrq suhydohqw lq wkh vrflhw| pljkw h{huw dq lpsdfw rq dq
lqglylgxdo*v ghflvlrq wr kdyh d fklog1 Ilqdoo|/ wkhuh lv dovr dq lfrqlf ydoxh ri hgxfd0
wlrq lq wkh vhqvh wkdw vrph lqglylgxdov pd| dvsluh wr wkh dwwulexwhv ri rwkhu kljkhu
hgxfdwhg jurxsv lq d srsxodwlrq1 Lq vrph ghyhorslqj vrflhwlhv/ wkh lfrqlf ydoxh ri
dq hgxfdwlrq lv yhu| kljk1 Iru h{dpsoh/ vrflrorjlvwv ri Lqgld riwhq frpphqw rq wkh
skhqrphqrq ri *Vdqvnulw}dwlrq* lq zklfk orzhu0fdvwh jurxsv wdnh rq wkh fkdudfwhu0
lvwlfv dqg fxvwrpv ri wkh xsshu fdvwhv lq rughu wr jdlq juhdwhu ohjlwlpdf| dqg vwdwxv
lq wkh Lqgldq vrfldo v|vwhp1 Iuhtxhqwo| wklv pdqlihvwv lwvhoi lq wkh ghvluh wr dftxluh
dq hgxfdwlrq/ ru wr frqwlqxh rqh +Vulqlydv +4<<7,,1 Wkhuh duh wzr srlqwv wkdw qhhg
wr eh qrwhg khuh1 Iluvw/ wkh ihuwlolw| ghflvlrqv ri wkh ohvv0hgxfdwhg duh lq xhqfhg
e| wkh dfwlrqv ri wkh ehwwhu0hgxfdwhg1 Wklv wkhru| grhv qrw +qru grhv lw qhhg wr,
vxjjhvw d fkdqjh lq suhihuhqfhv dv zrphq duh phuho| lq xhqfhg e| wkh dfwlrqv ri
rwkhu zrphq1 Vhfrqg/ qrwh wkdw lq wklv wkhru|/ wkh phdq h{rjhqrxv h�hfw ri d srolf|
gluhfwlyh/ vd| wr hqfrxudjh hgxfdwlrq iru zrphq/ fdqqrw lq h�hfw eh glvwlqjxlvkhg
iurp wkh phdq ohyho ri hqgrjhqrxv lqwhudfwlrqv ehwzhhq ehwwhu0 dqg ohvv0hgxfdwhg
zrphq ehorqjlqj/ iru h{dpsoh/ wr wkh vdph hwkqlf jurxs lq d vrflhw|1 Wkh odwwhu lv
uhvsrqvleoh iru surpswlqj wkh ohvv hgxfdwhg zrphq dovr wr dgrsw orz ihuwlolw| qrupv/
zklfk lq wxuq fdxvhv wkh sduwlfxodu jurxs dqg hyhqwxdoo| wkh vrflhw| dv d zkroh wr

4Dqrwkhu dujxphqw lv wkdw zrphq zlwk pruh hgxfdwlrq zkr dovr glvsod| orzhu ihuwlolw| gr vr
ehfdxvh wkh| duh pduulhg wr phq zkr ehorqj wr idplolhv lq zklfk hgxfdwlrq lv pruh kljko| ydoxhg1
Wkh dujxphqw jrhv wkdw wkh vdpsoh ri ehwwhu0hgxfdwhg zrphq zkr kdyh orzhu ihuwlolw| gr vr ehfdvxh
wkh| duh pduulhg wr +hgxfdwhg, phq zkr vkduh wkhvh orz ihuwlolw| qrupv +Edvx +5335,,1
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pryh wr d orz0ihuwlolw| htxloleulxp1
Vr wkh h{lvwlqj olwhudwxuh rq vrfldo lqwhudfwlrqv dqg ihuwlolw| ehkdylrxu frqfhq0

wudwhv rq prgholqj uhsurgxfwlyh h{whuqdolwlhv wkhruhwlfdoo|/ dqg rq wudqvodwlqj wkhvh
prghov hpslulfdoo| e| lghqwli|lqj qhljkerxukrrg/ frkruw/ dqg rwkhu h�hfwv1 Lq wklv
frqwh{w/ Pdqvnl*v glvfwlqfwlrq ehwzhhq hqgrjhqrxv/ h{rjhqrxv dqg fruuhodwhg hi0
ihfwv/ lv lpsruwdqw1

6 Dqwkursrorjlfdo ryhuylhz ri hwkqlf jurxsv lq Nhq|d

Pxowlsoh vrfldo lqwhudfwlrqv dqg fkdqqhov ri phvvdjh wudqvplvvlrq derxw ihuwlolw|
ehkdylrxu duh lpsruwdqw dw wkh ohyho ri hwkqlflw|1 Wklv vhfwlrq kljkoljkwv wkh nh|
ihdwxuhv ri wkh hwkqlf jurxsv lq uxudo Nhq|d xvlqj klvwrulfdo dqg dqwkursrorjlfdo
vwxglhv/ zlwk sduwlfxodu irfxv rq wkh ihdwxuhv ri Nhq|d*v pdmru hwkqlf jurxsv wkdw
kdyh uhohydqfh iru ihuwlolw| ehkdylrxu1

Wkh srsxodwlrq ri Nhq|d frqvlvwv ri wkuhh pdlq jurxsv 0 wkh Diulfdqv/ Dvldqv
dqg Hxurshdqv1 Dowkrxjk wkh odvw wzr jurxsv pdlqo| uhvlgh lq wrzqv/ <3( ri wkh
Diulfdq srsxodwlrq frqwlqxhv wr olyh lq uxudo duhdv +vhh Phfn +4<:4,,1 Wkh wuledo
jurxsv ri uxudo Nhq|d olyh lq fohduo| gh�qhg vhwwohphqwv lq wkh pruh uhprwh duhdv>
lq wkh Odnh Ylfwruld edvlq/ wkh kljkodqgv dqg wkh frdvw/ wkhuh lv d pruh khwhurjh0
qhrxv srsxodwlrq vwuxfwxuh +Prujdq dqg Vkd�hu +4<99,=5> Phfn +4<:4,= 57,1 Wkh
wulehv fdq eh gh�qhg eurdgo| lqwr irxu jurxsv dv fodvvl�hg e| wkhlu odqjxdjh= wkh
Edqwx/ wkh Qlorwlf/ wkh Qlor0Kdplwlf/ dqg wkh Kdplwlf1 Zlwklq wkhvh irxu eurdg odq0
jxdjh jurxsv/ hwkqlf jurxsv uhsuhvhqw dq dgglwlrqdo vxe0glylvlrq1 Dffruglqj wr wkh
4<9< Srsxodwlrq Fhqvxv wkhuh duh 75 gl�huhqw hwkqlf Diulfdq jurxsv lq Nhq|d +Uhs
+4<:3,,1 Wkh �yh odujhvw jurxsv/ dffrxqwlqj iru ryhu :8( ri wkh srsxodwlrq/ duh wkh
Nlnx|x +55(,/ Ndped +44(,/ Ndohqmlq +45(,/ Oxk|d +47(, dqg Oxr +4;(,15 Wkh
Nlvll dqg wkh Phux erwk frpsulvh 9( ri wkh wrwdo srsxodwlrq1 Rwkhu jurxsv/ vxfk
dv wkh Pddvdl dqg wkh Vrpdol frqvwlwxwh 48( ri wkh srsxodwlrq16

Wrgd| wkh uhjlrqdo euhdngrzq ri wkh gl�huhqw hwkqlf jurxsv lv dv iroorzv= wkh
Ndohqmlq uhvlgh lq wkh Uliw Ydooh|> wkh Nlnx|x olyh lq wkh Fhqwudo uhjlrq/ exw kdyh
dovr pljudwhg wr Qdlurel dqg Uliw Ydooh|1 Wkh Phux2Hpex uhvlgh lq wkh Qruwk dqg
Hdvw1 Wkh Oxk|d olyh lq wkh Zhvwhuq surylqfh/ exw kdyh dovr pljudwhg wr Qdlurel
dqg Prpedvd1 Wkh Oxr olyh lq Q|dq}d/ zlwk Nlvxpx dv wkhlu fdslwdo/ exw kdyh
dovr pljudwhg wr wkh Uliw Ydooh|1 Wkh Ndped olyh lq forvh sur{lplw| wr Qdlurel dqg
h{klelw hwkqlf d!oldwlrq wr wkh Nlnx|x1 Wkh Plmlnhqgd2Vzdklol olyh lq wkh Frdvw
surylqfh1

Dv vkrzq lq Wdeoh 4 Fhqvxv gdwd iurp Nhq|d ghslfw d vwhdg| lqfuhdvh lq wkh
wrwdo srsxodwlrq ri Nhq|d vlqfh 4<7; wr wkh suhvhqw1 Wkh wrwdo ihuwlolw| udwh lq Nhq|d
kdv idoohq iurp dq dyhudjh ri 9 eluwkv shu zrpdq lq 4<7; wr dssur{lpdwho| 718 eluwkv
wrgd| +Dmd|l dqg Nhnryroh +4<<;,,1 Krzhyhu/ wkh prvw vljql�fdqw ghfolqhv lq ihuwlolw|
kdyh rffxuuhg lq wkh odvw wzhqw| |hduv= wkh GKV vwxglhv frqgxfwhg lq 4<;</4<<6 dqg
4<<; vkrzhg wkdw wkh WIU gursshg iurp 91: lq 4<;< dqg 817 lq 4<<6 wr 71: lq 4<<;1

5Dffruglqj wr wkh prvw uhfhqw Fhqvxv1

6Wkh Dvldqv/ Hxurshdqv dqg Dudev pdnh xs derxw 4( ri wkh srsxodwlrq1
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Wklv gurs lq ihuwlolw| lv frqvlghuhg rqh ri wkh prvw gudpdwlf uhfrughg dq|zkhuh lq
wkh ghyhorshg dqg ghyhorslqj zruog +Dmd|l dqg Nhnryroh +4<<;,= 449,1 Wkh ihuwlolw|
gl�huhqfhv e| hwkqlf jurxs duh dovr yhu| odujh/ dv vkrzq lq Wdeoh 81 Iru zrphq djhg
7307</ wkh phdq FHE ydulhv iurp 81<4 iru wkh Nlnx|x wr :189 iru wkh Oxr1

Li zh h{dplqh wkh hyroxwlrq ri wkhvh hwkqlf jurxsv klvwrulfdoo|/ wkh Pddvdl dqg wkh
Ndohqmlq hqwhuhg zkdw lv qrz prghuq Nhq|d iurp wkh qruwk> wkrvh ri Edqwx ruljlq
vxfk dv wkh Ndped/ Nlnx|x/ Plmlnhqgd/ Oxk|d dqg Nlvll fdph iurp wkh vrxwk dqg
zhvw +Rolyhu dqg Jhuydvh +4<96,,17 Lq wklv vwxg| zh frqvlghu d qxpehu ri hwkqlf
jurxsv= �uvw/ wkh Ndohqmlq/ zkr duh d khwhurjhqrxv hwkqlf jurxs dqg zkr olyh lq
Nhq|d*v Uliw Ydooh| surylqfh +Zhuh +4<9:,,1 Wkh| duh frqvlghuhg survshurxv vpdoo0
vfdoh iduphuv/ zkr nhhs d juhdw ghdo ri olyhvwrfn1 Forvhvw wr Qdlurel jhrjudsklfdoo|/
wkh| duh srolwlfdoo| dqg hfrqrplfdoo| Nhq|d*v grplqdqw hwkqlf jurxs +Nhq|dwwd
+4<99,,1 Wkhlu orfdwlrq lq wkh hdvwhuq Uliw Ydooh| doorzv wkhp wr hqmr| d ohyho ri
srolwlfdo sur{lplw| wkdw/ lq sduw/ ghwhuplqhv wkhlu +uhodwlyho|, vxshulru hfrqrplf
vwdwxv1 Iru h{dpsoh/ djulfxowxudo lqqrydwlrq �uvw durvh dprqj wkh Nlnx|x zkr
dovr devruehg odqg uhirup pruh uhdglo| wkdq rwkhu jurxsv +Phfn +4<:4,= 5:,1 Wkh
Nlnx|x duh sulpdulo| djulfxowxulvwv/ exw wkh| dovr dfw dv wudghuv/ fudiwvphq dqg uxq
vpdoo exvlqhvvhv1

Wkh Phux dqg Hpex jurxsv qhljkerxu wkh Nlnx|x wr wkh qruwk dqg hdvw1 Wkh
Oxk|d/ zkr olyh lq Nhq|d*v Zhvwhuq surylqfh/ duh d ohvv krprjhqrxv jurxs frp0
sduhg wr wkh Nlnx|x dqg Ndped +Zhuh +4<9:,,1 Dprqj wkh Oxk|d/ wkhuh lv d
glvwlqfwlrq wkdw qhhgv wr eh pdgh ehwzhhq wkrvh lq wkh qruwk dqg wkrvh lq duhdv
vxfk dv Ndndphjd/ zlwk kljk srsxodwlrq ghqvlw|18 Lq wkhvh uhjlrqv/ d kljk sursru0
wlrq ri wkh Oxk|d srsxodwlrq duh hqjdjhg lq rxw0pljudwlrq wr wkh flwlhv ri Qdlurel
dqg Prpedvd zklfk doorzv wkhp wr uhwxuq krph rqo| rqfh ru wzlfh d |hdu1 Wkh Oxr
olyh lq Q|dq}d surylqfh1 Dowkrxjk wkh udwh ri srsxodwlrq jurzwk lv doprvw dv kljk
dv wkh Oxk|d/ wkh| duh d pruh xuedqlvhg shrsoh/ zlwk uhodwlyho| kljk pljudwlrq wr
xuedq fhqwuhv dqg wr wkh Uliw Ydooh| surylqfh +Rplqgh +4<9;,,1 Lq wkh sdvw wkh Oxr
zhuh ohvv uhvsrqvlyh wr vrfldo dqg hfrqrplf fkdqjh frpsduhg wr rwkhu wulehv +Phfn
+4<:4,,1 Iru h{dpsoh/ odqg uhirup phw zlwk d juhdw ghdo ri uhvlvwdqfh dprqj wklv
jurxs dv lw zdv eholhyhg wr frq lfw zlwk uholjlrxv eholhiv1

Iru wkh Ndped/ wkh glylvlrq ri oderxu lv wudglwlrqdo/ exw dqwkursrorjlvwv frp0
phqw wkdw wkhuh lv rqh glvwlqfwlyh ihdwxuh ri Ndpedq vrflhw|= wkh| duh lqyroyhg
lq lqwhuwhuulwruldo wudgh1 Wrgd| dqg lq suhfrorqldo wlphv Ndpedq wudgh +pdlqo| lq
lyru|, h{whqghg iurp wkh zhvw frdvw wr Odnh Ylfwruld dqg wr Wdq}dqld1 Wrgd| wklv
zdqghuoxvw lv uh hfwhg lq wkh odujh sursruwlrqv ri Ndpedqv zkr duh hqjdjhg lq wudgh/
wudqvsruw dfwlylwlhv/ dqg wrxulvp +Ehuj0Vfkorvvhu +4<;7,1 Sur{lplw| wr Qdlurel dqg
wkhlu forvh hwkqlf d!oldwlrq wr wkh Nlnx|x duh sduwlfxoduo| vljql�fdqw1 Wkh Plmln0
hqgd dqg Vzdklol jurxsv uhvlgh lq Nhq|d*v Frdvw surylqfh1 Wkh Plmlnhqgd frqvlvw ri

7Wkh jhrjudsklfdo erxqgdu| ri prghuq Nhq|d lv sxuho| d frorqldo duwhidfw/ gh�qhg dv wkh *Hdvw
Diulfdq Surwhfwrudwh* lq 4;<8 e| d vhulhv ri wuhdwlhv qhjrwldwhg lqlwldoo| ehwzhhq wkh XN dqg Jhupdq|
ehwzhhq 4;;7 dqg 4;<3/ dqg wkhq zlwk Hwklrsld dqg Xjdqgd lq 4<3: dqg 4<59 uhvshfwlyho|1 Nhq|d
ehfdph d furzq frorq| lq 4<53 dqg dfklhyhg irupdo lqghshqghqfh iurp frorqldo uxoh lq 4<961 Exw
wkh sudfwlfh ri frorqldolvp lq Nhq|d kdg rqh lpsruwdqw frqvhtxhqfh 0 lw fuhdwhg wkh dgplqlvwudwlyh
ghpdufdwlrq ri Nhq|d*v uhjlrqv wkdw frqwlqxhv lq wkh srvw0lqghshqghqfh shulrg +Oh|v +4<:7,,1

8 Lq vrph duhdv dv kljk dv 494 shuvrqv shu vtxduh nlorphwhu +Ehuj0Vfkorvvhu +4<;7,,1
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qlqh glvwlqfw vxe0jurxsv 0 Jluldpd/ Gxuxpd/ Gljr/ Udedl/ Fkrq|l/ Ndpeh/ Ndxpd/

Uleh/ dqg Mledqd19 Wkh| duh wkh prvw djulfxowxudo ri doo ri Nhq|d hwkqlf jurxsv1

Lqlwldwhg �uvw e| Mrpr Nhq|dwwd/ hgxfdwlrq srolf| lq Nhq|d kdv ehhq sxuvxhg

dfwlyho| e| wkh jryhuqphqw/ zlwk uhpdundeoh vxffhvv/ hvshfldoo| zlwk lqfuhdvhv lq

sulpdu| dqg vhfrqgdu| vfkrro hqurophqw iru jluov1 Iurp lqghshqghqfh rqzdugv/ �yh

hgxfdwlrq frpplvvlrqv kdyh ehhq vhw xs wr ghyhors wklv vhfwru/ uh hfwhg lq wkh kljk

udwhv ri sulpdu| dqg vhfrqgdu| vfkrro hqurophqw lq wklv frxqwu|1 Krzhyhu/ ghvslwh

wkh jhqhudo lqfuhdvhv lq wkh xswdnh ri hgxfdwlrq dqg srolflhv vxfk dv vfkrro ihh uhplv0

vlrq dqg wkh ghyhorsphqw ri kdudpehh ru vhoi0khos frppxqlw| vfkrrov zklfk irvwhu

wkhvh/ wkh phdq qxpehu ri |hduv ri vfkrrolqj gl�huv frqvlghudeo| e| hwkqlflw|1 Wkh

hgxfdwlrqdo fkdudfwhulvwlfv ri wkh hwkqlf jurxsv duh uhohydqw iru ihuwlolw| ehkdylrxu=

wkh phdq qxpehu ri |hduv ri hgxfdwlrq ydulhv frqvlghudeo| e| hwkqlf jurxs lq Nhq|d/

dv vkrzq lq Wdeoh BB1 Wklv idfwru kdv uhohydqfh iru vrfldo lqwhudfwlrqv dv zh pljkw

h{shfw wkh lpsruwdqfh ri vrfldo lqwhudfwlrqv rq ihuwlolw| wr eh dfwlqj wkurxjk/ ru

dw wkh yhu| ohdvw/ wr eh phgldwhg e| wkh h�hfw ri hgxfdwlrq1 Wkh Nlnx|x duh wkh

ehvw hgxfdwhg/ frpsduhg wr rwkhu hwkqlf jurxsv lq Nhq|d +Ehuj0Vfkorvvhu +4<;7,=

93> Gh Zlogh +4<9:,= 6<,1 Wkh Oxk|d srsxodwlrqv/ duh dovr kljko| olwhudwh jurxsv1

Prvw Ndped duh hquroohg lq irupdo vfkrrolqj1 Dprqj wkh Ndohqmlq/ ohyhov ri hgxfd0

wlrq duh/ lq jhqhudo/ ohvv wkdq rwkhu jurxsv1 Prvw Nlnx|x duh Fkulvwldqv/ suredeo|

ehfdxvh wkh| zhuh wkh Nhq|dq wuleh zlwk wkh forvhvw olqnv zlwk Fkulvwldq plvvlrqv

klvwrulfdoo| +Phfn +4<:4,= 5:,1 Ryhu <3( ri Oxk|d dqg Oxr duh Fkulvwldqv/ frp0

sduhg wr ryhu 93( ri Ndped1 Vrph ri wkh Plmlnhqgd vxe0jurxsv/ vxfk dv wkh Gljr/

duh Pxvolp1

Wkhvh wuledo jurxsv duh eurdgo| fkdudfwhulvhg e| wkuhh pdlq ihdwxuhv wkdw kdyh

uhohydqfh iru vrfldo lqwhudfwlrqv= wkh lpsruwdqfh ri wkh idplo| jurxs/ wkh fodq/ dqg

wkh v|vwhp ri djh0judglqj: + Phfn +4<:4,,1 Dqwkursrorjlfdo vwxglhv ri wkh Nlnx|x

dujxh wkdw dprqj wkhp/ idwkhuv h{huw d ohvv lpsruwdqw uroh iru hfrqrplf ghflvlrq0

pdnlqj/ wkdw uhodwlrqv ehwzhhq wkh h{whqghg idplo| duh vwurqj/ dqg wkdw wkh| h{klelw

d kljko| hyroyhg vhqvh ri hwkqlf lghqwlw| +Ehuj0Vfkorvvhu +4<;7,,1 Dqwkursrorjlvwv

frpphqw wkdw dprqj wkh Nlnx|x/ wkh prvw hfrqrplfdoo| dqg vrfldoo| h�hfwlyh xqlw

lv wkh pedul = *d jurxs ri idplolhv zkr wudfh wkhlu ghvfhqw iurp d frpprq dqfhvwru

iroorzlqj wkh sdwhuqdo olqh/ riwhq iru xs wr vhyhq ru hljkw jhqhudwlrqv1 Lq dgglwlrq wr

lwv ixqfwlrqv dv wkh prvw lpsruwdqw wudglwlrqdo odqg0kroglqj xqlw lq Nlnx|x vrflhw|/

wkh pedul lv dq lpsruwdqw vrfldo uhihuhqfh0jurxs iru pdq| Nlnx|x dqg vwloo sod|v dq

h�hfwlyh uroh lq pdq| hfrqrplf dqg vrfldo uhodwlrqvklsv lqfoxglqj wkh pruh prghuq

rqhv1*+Ehuj0Vfkorvvhu +4<;7, 86,1

Wkh Oxk|d gr qrw kdyh dv srzhuixo d fodq rujdqlvdwlrq dv vrph ri wkh rwkhu

jurxsv +Phfn +4<:4,= 5;,1 Dqwkursrorjlvwv frpphqw wkdw d ihdwxuh ri wkh Oxk|d

wkdw pdnhv wkhp txlwh glvwlqfw iurp rwkhu jurxsv lv wkh uhodwlyho| vwulfw dffhswhg

qrupv ri ehkdylrxu/ sduwlfxoduo| zlwk uhvshfw wr pduuldjh dqg lqwhudfwlrqv ehwzhhq

wkh vh{hv +Ehuj0Vfkorvvhu +4<;7,= 447,

9Wkh zrug*Plmlnhqgd* phdqv *qlqh wrzqv* ru cwulehv*1
:Wkh v|vwhp ri djh0judglqj lv d irup ri yhuwlfdo vwudwl�fdwlrq zklfk hyhu| phpehu ri d wuleh

jrhv wkurxjk gxulqj wkh frxuvh ri wkhlu olyhv/ zlwk hdfk *djh0judgh* pdgh glvwlqfw iurp wkh rwkhu
zlwk fhuwdlq ulwhv ri sdvvdjh +Nhq|dwwd +4<94,=5> Ehuj0Vfkorvvhu +4<;7,= 88,1
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Rqh ri wkh prvw qrwdeoh ihdwxuhv ri wkhvh hwkqlf jurxsv lv wkhlu sdwwhuq ri uhv0

lghqfh1 Lw lv lpsruwdqw wr hpskdvlvh wkdw wkh qrwlrq ri wkh *yloodjh* lq wklv vrflhw|

lv udwkhu pruh gl�xvh wkdq lq wkh frpsdfw vhwwohphqwv ri Hxursh dqg hovhzkhuh;1

Dowkrxjk wkhuh duh gl�huhqfhv ehwzhhq hwkqlf jurxsv/ idplolhv duh jurxshg pdlqo|

lq krphvwhdgv wkdw duh orfdwhg lq foxvwhuv/ dqg zklfk irupv wkh edvlv ri frppxqlw|

lqwhudfwlrq1 Lq vrph ri wkhvh foxvwhuv/ iru h{dpsoh/ dprqj wkh Nlnx|x/ wkhuh pd|

eh jurxsv ri krxvhkrogv zkr duh qrw phuho| fr0uhvlghqw/ exw dovr uhodwhg e| eorrg

dqg pduuldjh +wkh pedul,1 Lq rwkhu foxvwhuv/ wkhuh duh krxvhkrogv wkdw duh orfdwhg lq

forvh sur{lplw|/ exw zkhuh lqglylgxdov lq wkhvh krxvhkrogv duh qrw uhodwhg wr rwkhu

lqglylgxdov lq qhljkerxulqj krxvhkrogv1 Iru h{dpsoh/ wkh Ndohqmlq olyh pdlqo| lq

krphvwhdgv wkdw duh lqglylgxdo idplo| edvhg1 Surshuw| lv xvxdoo| lqkhulwhg dorqj sd0

whuqdo olqhv ru pdoh djqdwhv1 Wkh vpdoohvw xqlw ri whuulwruldo frpsrvlwlrq lq Ndohqmlq

vrflhw| lv wkh *whphqln* ru kdpohw/ d foxvwhu ri krphvwhdgv> wkhvh duh xvxdoo| jurxshg

lqwr *yloodjhv* ri 48 wr 93 whphqln1Wkh Nlnx|x olyh lq krphvwhdgv rq odqg rzqhg e|

wkh idplo|/ dqg vxuurxqghg e| �hogv +ru *vkdped*,1 Wudglwlrqdoo| odqg zdv rzqhg e|

pdq| krxvhkrogv zklfk frqvwlwxwh wkh h{whqghg idplo| +ru *pedul *, orfdwhg rq wkh

vdph *ulgjh* zklfk lv wkh wudglwlrqdo jhrjudsklfdo glylvlrq< +Ehuj0Vfkorvvhu +4<;7,=

83,1 Vxssohphqwlqj wkh rujdqlvdwlrq ri Nlnx|x vrflhw| edvhg rq nlqvkls/ wkhuh lv

dovr d jhrjudsklfdo ghpdufdwlrq1 Wkh *lwxud* ru yloodjh frqvlvwv ri d jurxs ri idplolhv1

Wklv lv ixuwkhu vxeglylghg lqwr wkrvh olylqj rq wkh vdph ulgjh +ru *uxjrqjr*,1 Lw lv

lpsruwdqw wr qrwh wkdw wkh iruphu lv qrw d *yloodjh* lq wkh Hxurshdq vhqvh1

Wkh sdwwhuq ri Oxr vhwwohphqw lv vlplodu wr rwkhu frppxqlwlhv/ dowkrxjk wkhlu

krphvwhdgv xvxdoo| frqvlvw ri idplolhv zkr rzq odqg/ glvshuvhg dv d vdihjxdug djdlqvw

folpdwlf frqglwlrqv1 Wkh Ndped duh dovr djulfxowxulvwv/ dqg wkhlu sdwwhuq ri vhwwoh0

phqw lv vlplodu wr wkh Nlnx|x +Plggohwrq dqg Nhuvkdz +4<98,,1 Wkh wudglwlrqdo

odqg0rzqlqj xqlw lv wkh h{whqghg idplo|1 Lq whupv ri whuulwruldo uhvlghqfh/ wkh prvw

edvlf xqlw lv wkh xndpedql/ zklfk lv d krphvwhdg wkdw frpsulvhv vhyhudo h{whqghg

idplolhv1 Vhyhudo ri wkhvh duh jurxshg wr irup d nlydor zlwklq zklfk vrfldo lqwhudf0

wlrqv/ hvshfldoo| pduuldjh/ wdnh sodfh1 Iru wkh Plmlnhqgd/ wkh pdlq irup ri uhvlghqfh

lv wkh pxg}l ru yloodjh zklfk frqvlvwv ri jurxsv ri djulfxowxulvwv dqg �vkhupdq1

Wdeoh 5 surylghv d vxppdu| ri wkhvh fkdudfwhulvwlfv1

7 D Prgho ri Uhsurgxfwlyh H{whuqdolwlhv zlwk Jhrjud0
sk| dqg Hwkqlflw|

Rqh ri wkh sulpdu| remhfwlyhv ri rxu dqdo|vlv lv wr h{dplqh wkh h{whqw wr zklfk

wkh glvwulexwlrq +ru prphqwv wkhuhri, ri ihuwlolw| rxwfrphv lq d srsxodwlrq lq x0

hqfh lqglylgxdo ihuwlolw| ehkdylrxu1 Vshfl�fdoo|/ zh lqyhvwljdwh wkh h{whqw wr zklfk

djjuhjdwh ihuwlolw| ehkdylrxu jhqhudwhv vwudwhjlf frpsohphqwdulwlhv dqg wkhuhe| di0

ihfw lqglylgxdo ihuwlolw| ghflvlrqv dw pxowlsoh ohyhov1 D ixqgdphqwdo suhuhtxlvlwh iru

;D nh| srlqw wr qrwh khuh lv wkdw yloodjhv duh qrw gh�qhg xqlwv ri vhwwohphqw/ dowkrxjk wkhlu
erxqgdulhv duh zhoo0nqrzq orfdoo|1 Wkhvh erxqgdulhv duh xvxdoo| pdunhg e| wuhhv/ vwrqhv/ dqg vr
iruwk +Ehuj0Vfkorvvhu +4<;7,= 46<,

<Wklv zdv dowhuhg zlwk wkh odqg uhirupv ri 4<83 zkhq rzqhuvkls ri odqg zdv wudqvihuhg wr
lqglylgxdov1
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frqgxfwlqj lqihuhqfh rq wklv sureohp lv d wkhru| ri vrfldo lqwhudfwlrq dv dssolhg wr

ihuwlolw| ehkdylrxu1 Dowkrxjk hfrqrplf wkhru| lv uhdvrqdeo| lqirupdwlyh dv wr wkh

ixqfwlrqdo irup ryhu wkh lqglylgxdo frpsrqhqw ri wkh xwlolw| ixqfwlrq/ wkh dqdo|vw

idfhv frqvlghudeoh xqfhuwdlqw| lq whupv ri krz wr fkdudfwhulvh wkh h�hfwv ri vrfldo

lqwhudfwlrq rq lqglylgxdo ihuwlolw| ghflvlrqv1 Khuh zh frqvlghu d qxpehu ri glphq0

vlrqv rq wklv xqfhuwdlqw|= Iluvw/ ryhu d srsxodwlrq ri lqglylgxdov zh gr qrw nqrz

wkh dssursuldwh uhihuhqfh jurxs1 Dv Pdqvnl qrwhv/ wkh gdwd fdqqrw lghqwli| dq ds0

sursuldwh jurxslqj/ dqg dv d uhvxow uhodwlyho| vwurqj sulru lqirupdwlrq lv uhtxluhg

lq rughu wr lghqwli| d uhihuhqfh jurxs h�hfw1 Pruhryhu/ edvhg xsrq rxu glvfxvvlrq

lq Vhfwlrq 5 lw lv olnho| wkdw vrfldo h�hfwv rshudwh dw pdq| ohyhov erwk zlwklq wkh

krxvhkrog dqg dprqj wkh zlghu frppxqlw|/ vxfk wkdw wkhuh pd| h{lvw pruh wkdq

rqh uhihuhqfh jurxs/ hdfk dvvxplqj gl�huhqw urohv vxfk dv vrfldo ohduqlqj dqg vrfldo

lq xhqfh1 Lq dgglwlrq/ iru dq| sduwlfxodu jurxs zh gr qrw nqrz wkh ixqfwlrqdo irup

ri wkh vrfldo xwlolw| ixqfwlrq1

Wkh h�hfwv ri uhihuhqfh jurxsv duh d frpsrvlwh ri phfkdqlvpv d�hfwlqj lqglylg0

xdo ihuwlolw| ehkdylrxu1 Vxfk h�hfwv pljkw lqfoxgh wkh gluhfw h�hfw ri wkh ihuwlolw|

ehkdylrxu ri rwkhu krxvhkrog phpehuv/ qhljkerxuv/ dqg phpehuv ri dq hwkqlf jurxs

rq d zrpdq*v ghflvlrq pdnlqj1 Zh uhihu wr wkhvh h�hfwv dv gluhfw/ lqvridu dv wkh|

hqwhu gluhfwo| lqwr wkh xwlolw| ixqfwlrq ri lqglylgxdov idfhg zlwk wkh ghflvlrq zkhwkhu

wr kdyh fkloguhq/ dqg krz pdq|1 Iru h{dpsoh/ d krxvhkrog*v ihuwlolw| ghflvlrq pd|

eh lq xhqfhg e| wkh ihuwlolw| ehkdylrxu ri h{whqghg idplo| dqg qhljkerxuv uhvlglqj

orfdoo|1 Zh dovr frqvlghu lqgluhfw h�hfwv zklfk dovr d�hfw ihuwlolw| ghflvlrqv/ vxfk

dv wkh lq xhqfh ri lqwudkrxvhkrog h�hfwv vwhpplqj iurp wkh suhylrxv ihuwlolw| eh0

kdylrxu ri sduhqwv ru sduhqwv0lq0odz1 Zh dovr pljkw frqvlghu wkh srvvlelolw| wkdw

wkh vwudwhjlf frpsohphqwdulwlhv duh sduwo| d ixqfwlrq ri ghprjudsklfv/ jlylqj dq

dgglwlrqdo uroh wr lqglylgxdo fkdudfwhulvwlfv1

Irupdoo|/ zh frqvlghu d srsxodwlrq zlwk krxvhkrog k fkdudfwhulvhg e| d orfdwlrq

m> d w|sh v 0 khuh hwkqlflw| 0 dqg d yhfwru ri fkdudfwhulvwlfv {��1 Zh dvvxph wkdw erwk

m dqg v duh �{hg iru doo lqglylgxdov/ zlwk fkdudfwhulvwlfv srwhqwldoo| ydu|lqj dfurvv

lqglylgxdov/ w|sh dqg orfdwlrq431 Rxu srlqw ri ghsduwxuh lv wkh vwdqgdug Ehfnhuldq

xwlolw| ixqfwlrq + Ehfnhu +4<;4,/ Zloolv +4<:6,, iru krxvhkrog k

X� @ X+q�> t�> }�>{�> ,> +4,

zkhuh X� ghqrwhv wkh xwlolw| ixqfwlrq ri krxvhkrog k> q� uhsuhvhqwv wkh qxpehu

ri fkloguhq/ t� lv wkh txdolw| shu fklog ru wkh krxvhkrog lqyhvwphqw shu fklog/ }�
lv doo vrxufhv ri vdwlvidfwlrq wr wkh kxvedqg dqg zlih rwkhu wkdq wkrvh dulvlqj iurp

fkloguhq/ dqg {� ghqrwhv wkh yhfwru ri vrflr0ghprjudsklf fkdudfwhulvwlfv zklfk d�hfw

suhihuhqfhv1 E| lqfoxglqj wkh vwrfkdvwlf whup %� zh doorz iru lpshuihfw lqirupdwlrq

rq wkh sduw ri wkh dqdo|vw1/ zkhuh %� @ �r . �� . ��1

Wkh surgxfwlrq ixqfwlrq ri fklog vhuylfhv f�> d surgxfw ri wkh qxpehu ri fkloguhq

q� dqg wkh txdolw| shu fklog t�> zh zulwh dv

43Qrwh wkdw dw wklv mxqfwxuh zh ohdyh � dv vlpso| ghqrwlqj d jurxs ri krxvhkrogv zkrvh ihuwlolw|

ehkdylrxu dqg2ru fkdudfwhulvwlfv duh uhohydqw iru wkh ihuwlolw| ghflvlrq ri krxvhkrog ��



45

f� @ q�t� @ i+wS> {S,= +5,

Lq +5, fklog vhuylfhv duh dvvxphg wr eh d ixqfwlrq ri wkh wrwdo dprxqw ri wlph sduhqwv

ghyrwh wr fkloguhq/ wS> dqg wkh wrwdo dprxqw ri jrrgv jS wkdw wkh| ghyrwh wr wkhp

gxulqj wkhlu olihwlphv1 Zh zulwh wkh exgjhw frqvwudlqw dv

L� @ q�t��S . q�s
?
� . t�s

^
� . }��5>

zkhuh L� ghqrwhv krxvhkrog lqfrph +h{kdxvwhg rq q�> t� dqg }�,/ �S lv wkh vkdgrz

sulfh ri fklog vhuylfhv/ dqg �5 lv d yhfwru ri vkdgrz sulfhv iru doo rwkhu frpprglwlhv1

s?� lv wkh �{hg sulfh dsso|lqj wr wkh frpsrqhqw ri fklog frvwv lqghshqghqw ri wkh

ohyho ri t� fkrvhq/ dqg s
^
� lv wkh �{hg sulfh dsso|lqj wr wkh frpsrqhqw ri fklog frvwv

lqghshqghqw ri wkh ohyho ri q�1

Li zh h{whqg wkh deryh dwrplvwlf xwlolw| prgho wr lqfrusrudwh d wkhru| ri vrfldo

lqwhudfwlrqv zh zulwh

X� @ X+q�> t�> }�>{�,>V
�+q�>q

�
3�,> V

r+q�>q
r
3�,> %�,> +6,

1 Lq +6, q� uhsuhvhqwv dq lqglylgxdo h�hfw rq xwlolw| ri wkh qxpehu ri fkloguhq eruq wr

idplo| k= V�+q�>q
�
3�, uhsuhvhqwv d vrfldo xwlolw| whup iru orfdwlrq m/ jlyhq e| vrph

xqnqrzq ixqfwlrq ri wkh qxpehu ri fkloguhq fkrlfhv pdgh e| doo rwkhu phpehuv

ri orfdwlrq m> q
�

3� @ +q
�
�cq

�
2
> ===> q

�

�3�> q
�

�n�> ===> q
�
��

,/ zkhuh P� ghqrwhv wkh qxpehu

ri lqglylgxdov lq orfdwlrq m= Vr+q�>q
r
3�, uhsuhvhqwv d vrfldo xwlolw| whup iru w|sh v/

qdpho| wkh lpsdfw ri vrph ixqfwlrq ri wkh qxpehu ri fkloguhq fkrlfhv pdgh e| doo

rwkhu phpehuv ri w|sh v> zkhuh qr
3� @ +qr

�cq
r
2> ===> q

r
�3�> q

r
�n�> ===> q

r
�r

,1

Uhzulwlqj +6, dv dgglwlyh lq lqglylgxdo dqg vrfldo xwlolw| whupv/ zh kdyh

X� @ X��+q�> t�> }�>{�, . V
�+q�>q

�
3�, . V

r+q�>q
3r, . %�> +7,

zkhuh X��+=, ghqrwhv wkh lqglylgxdo frpsrqhqw ri xwlolw|1 Gl�huhqwldwlqj wkh Ehfnh0

uldq �uvw0rughu frqglwlrqv zlwk uhvshfw wr vrfldo lqwhudfwlrqv |lhogv wkh vhfrqg0rughu

frqglwlrqv

�
�
�, @ C

2
V
�+q�>q

�
3�,@Cq�Cq

�
, A 3> +8,

�
r
�, @ C

2
V
r+q�>q

r
3�,@Cq�Cq

r
� A 3= +9,

Lq h{dplqlqj wkh irup ri +9, dqg +8, zh gh�qh vwudwhjlf frpsohphqwdulw| dv

uhsuhvhqwlqj wkh lqfuhdvlqj pdujlqdo xwlolw| ri krxvhkrog k dv d gluhfw uhvxow ri wkh

ihuwlolw| fkrlfhv ri doo rwkhu krxvhkrogv lq wkh jurxs1 Wkh suhflvh irup ri lqwhudfwlrq

zloo reylrxvo| ghshqg rq wkh ixqfwlrqv V� dqg Vr= Wzr irupv ri vrfldo xwlolw| duh

frqvlvwhqw zlwk wrwdolvwlf dqg frqvwdqw vwudwhjlf frpsohphqwdulw| +VF,1 Irfxvvlqj

rq VF rshudwlqj dw wkh ohyho ri wkh yloodjh foxvwhu/ wkhvh pd| eh zulwwhq dv

V�+q�> q
�
3�, @ �q�q3� +:,

V2+q�> q
�
3�, @

��

5
+q� � q

�
3�,

2> +;,
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zkhuh +:,uhsuhvhqwv d sursruwlrqdwh vslooryhu irup ri vrfldo xwlolw|/ dqg +;, uhsuhvhqwv

vrfldo xwlolw| dv d phdvxuh ri frqiruplvp1 Vlqfh +;, fdq eh uhzulwwhq dv

�q�q
�
� �

M

5
+q2� . +q

�
3�,

2,>

wkhq
C2V�+=,

Cq�Cq
�
3�

@
C2V2+=,

Cq�Cq
�
3�

>

dqg wkhuh lv dq htxlydohqfh ri qrqfrrshudwlyh htxloleulxp xqghu sursruwlrqdwh vsloohuv

dqg frqiruplw| h�hfwv lq fdvhv zkhuh wkh dqdo|vw frqvlghuv wkh fkrlfh ryhu zkhwkhu

wr kdyh fkloguhq/ dv lq d elqdu| glvfuhwh fkrlfh prgho1 +vhh Sursrvlwlrq : lq Eurfn

dqg Gxuodxi +5334,, Krzhyhu/ jlyhq frxqw gdwd rq wkh qxpehu ri fkloguhq hyhu eruq/

vxfk wkdw q� @ 3> 4> 5==== wkhq CV+=,@Cq� lv jlyhq e| �+q
�
3� � q�,=

Li ehkdylqj olnh rwkhuv frqihuv dgglwlrqdo vwdwxv rq d krxvhkrog +Ehuqkhlp +4<<7,,

djhqwv pd| ghvluh wr frqirup1 Wkhuh pd| dovr eh d frpshoolqj uhdvrq wr frqirup li

vxfk vwdwxv lq wkh frppxqlw| ehduv hfrqrplf ehqh�wv/ h1j1 lq wkh doorfdwlrq ri orfdo

uhvrxufhv1 Lw lv dovr olnho| wkdw hwkqlf jurxsv srvvhvv orvv ixqfwlrqv zklfk gl�hu0

hqwldoo| shqdolvh ehkdylrxuv zklfk duh gl�huhqw iurp wkh qrup1 Uhsuhvhqwlqj erwk

vrfldo xwlolw| whupv dv phdvxuhv ri qrq0frqiruplvp/ zh wkhq zulwh

V�+q�>q
�
3�, @ Hi

[
,M�

�
�
�,+q

�
� � q

�
, ,
2j +<,

Vr+q�>q
r
3�, @ Hi

[
,Mr

�r
�,+q

r
� � qr

, ,
2j= +43,

Lq +<, ��
�, uhsuhvhqwv d phdvxuh ri wkh glvxwlolw| dffuxlqj wr k iurp ghyldwlqj iurp

wkh ehkdylrxu ri o> V�+=, ehlqj wkh wrwdo glvxwlolw| ryhu doo sdluv lq orfdwlrq m= Iru

�
�
�, A 3 ;k 9@ o 5 m wkhuh lv dq lqfhqwlyh wr frqirup1

Li zh duh zloolqj wr dvvxph wkdw vrfldo xwlolw| h{klelwv vwudwhjlf frpsohphqwdu0

lwlhv wkdw duh wrwdolvwlf dqg frqvwdqw +vhh Frrshu +4<;;,,/ wkhq zh pd| lpsrvh d

qxpehu ri uhvwulfwlrqv441 Wkh uhvwulfwlrq �
�
�, @ ��@5+P� � 4, lv frqvlvwhqw zlwk d

prgho ri xqlirup orfdo lqwhudfwlrq/ zlwk htxdo zhljkwv dvvljqhg wr doo phpehuv ri

orfdwlrq m45= Zh qrwh wkdw dowkrxjk vxfk d uhvwulfwlrq pd| eh wkhruhwlfdoo| gl!fxow

wr mxvwli|/ lw lv/ lq jhqhudo/ qrw srvvleoh wr lghqwli| vhsdudwh phdvxuhv ��
�, li wkhuh

lv qr lqirupdwlrq dv wr wkh uhodwlyh orfdwlrq ri doo k> o zlwklq hdfk orfdwlrq1 Idfhg

zlwk vxfk olplwhg lqirupdwlrq wklv uhvwulfwlrq lv uhtxluhg zkhq wkhru| lv frqiurqwhg

zlwk gdwd/ dqg iroorzv iurp dv dvvxpswlrq wkdw/ lq wkh fdvh ri w|sh/ doo lqglylgxdov

duh htxdoo| lq xhqwldo zlwk uhvshfw wr ihuwlolw| ghflvlrqv> dqg/ lq wkh fdvh ri vsdwldoo|

gh�qhg foxvwhu/ doo lqglylgxdov duh orfdwhg dw wkh fhqwurlg1 +43, fdswxuhv wkh glvxwlo0

lw| iurp ghyldwlqj iurp ehkdylrxu edvhg xsrq w|sh1 Djdlq wkh uhvwulfwlrq �r
�, @ �r

lv frqvlvwhqw zlwk d prgho ri vrfldo lqwhudfwlrq zlwk xqlirupo| orfdo h�hfwv1 Qrwh

44Qrwh= ehorz zh h{dplqh wklv gh�qlwlrq pruh forvho| zkhq zh frqvlghu orfdo dqg joredo lqwhu0

dfwlrq h�hfwv1

0
45E| vhwwlqj V�

�,
' V*2E

S
�
�� 3 �� zh dvvljq htxdo zhljkwv ryhu doo orfdwlrqv1
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dovr wkdw jlyhq wkh h{lvwhqfh ri d qxpehu ri hwkqlf jurxsv/ lw pd| eh srvvleoh wr

prwlydwh wkh h{lvwhqfh ri gl�huhqw pdjqlwxgh ri vwudwhjlf frpsohphqwdulwlhv dfurvv

iru jurxsv1

Zh qrwh wkdw +7, doorzv d glvwlqfwlrq ehwzhhq orfdo lqwhudfwlrqv/ zkhuhe| lqgl0

ylgxdo ehkdylrxu lv lq xhqfhg e| wkh ghflvlrqv ri d uhodwlyho| vpdoo qxpehu ri zhoo

gh�qhg qhljkerxuv> dqg joredo lqwhudfwlrqv lq wkh vhqvh wkdw lqglylgxdo ehkdylrxu

pd| dovr eh ghwhuplqhg e| wkh ghflvlrqv ri d odujhu/ pruh jhrjudsklfdoo| gl�xvh hwk0

qlf jurxs146 Wklv vshfl�fdwlrq/ lqfoxglqj wzr vrfldo xwlolw| whupv/ doorzv iru pxowlsoh

vrfldo lqwhudfwlrqv 0 wkh srvvlelolw| wkdw vrfldo lqwhudfwlrq lv erwk orfdolvhg dw gl�hu0

hqw ohyhov/ zlwklq d vshfl�f orfdwlrq/ dqg pruh gl�xvh dfurvv d odujhu/ jhrjudsklfdoo|

gl�xvh vxe0srsxodwlrqv fodvvl�hg e| w|sh1 Lq wkh frqwh{w ri wklv vwxg| vxfk d iru0

pxodwlrq doorzv xv wr h{dplqh zkhwkhu diwhu frqwuroolqj iru vrfldo lqwhudfwlrq h�hfwv

dffuxlqj wkurxjk jhrjudsklfdo sur{lplw|/ wkhuh lv d uhvlgxdo h�hfw gxh wr wkh ghvluh

wr frqirup wr d vhw ri ehkdylrxuv dvfulehg e| hwkqlflw|1 Dv d fruroodu| ri wklv/ vxfk

dq dssurdfk doorzv xv wr ghwhuplqh zkhwkhu wkhuh lv d orfdo +jhrjudsklf, h{suhvvlrq

ri hwkqlflw| lq whupv ri lqwhudfwlrq h�hfwv1

8 Pxowlsoh Ohyhov ri Vrfldo Lqwhudfwlrq

Wkh irfxv ri wklv vwxg| lv wkh lghqwl�fdwlrq ri vwuxfwxudo irupv ri ghshqghqfh rshu0

dwlqj dfurvv lqglylgxdov lq wkh frqwh{w ri ihuwlolw| ehkdylrxu/ dv d uhvxow ri ydulrxv

irupv ri vrfldo lqwhudfwlrq1 Lq wklv uhjdug zh pdnh wkh iroorzlqj revhuydwlrqv1 Iluvw/

zh dgplw xqfhuwdlqw| dv wr zkdw frqvwlwxwhv dq dssursuldwh uhihuhqfh jurxs/ lq

wkdw zlwklq wkh gdwd wkhuh lv qr lqirupdwlrq zklfk srlqwv wr wkh h{lvwhqfh ri vshfl�f

jurxsv ri lqglylgxdov zklfk uhsuhvhqw d qhwzrun zlwklq zklfk vrfldo lqwhudfwlrq wdnhv

sodfh1 Krzhyhu/ xvlqj d qxpehu ri dqwkursrorjlfdo vrxufhv zh kdyh lghqwl�hg wkdw

zlwklq uxudo srsxodwlrqv lq Nhq|d/ idplolhv duh jurxshg pdlqo| lq krphvwhdgv wkdw

duh orfdwhg lq uhodwlyho| vpdoo foxvwhuv/ dqg wklv jurxs irupv wkh edvlv ri frppxqlw|

lqwhudfwlrq1 Lq dgglwlrq zh kdyh lqirupdwlrq zklfk doorzv xv wr glvwlqjxlvk ehwzhhq

foxvwhuv zklfk/ iru fhuwdlq hwkqlf jurxsv/ duh frpsulvhg ri krxvhkrogv zklfk duh

eorrg uhodwhg/ zlwk reylrxv udpl�fdwlrqv iru lqwhudfwlrq147

Vhfrqg/ dowkrxjk frpphqwdwruv vxfk dv Pdqvnl +5333, dqg Eurfn dqg Gxuodxi

+5333, duh fduhixo wr srlqw rxw wkh frqglwlrqv xqghu zklfk vwuxfwxudo irupv ri gh0

shqghqfh pd| eh vhsdudwhg iurp uhvlgxdo +fruuhodwhg, ghshqghqfh/ zh dovr kljkoljkw

wkh lpsruwdqfh ri gl�huhqw h{suhvvlrqv ri vwuxfwxudo ghshqghqfh1 Dowkrxjk lq wkh

pdmrulw| ri hpslulfdo dssolfdwlrqv zklfk lqfoxgh vrfldo lqwhudfwlrqv/ d vlqjoh prgh

ri vrfldo lqwhudfwlrq lv dvvxphg/ iroorzlqj wkh w|srorj| vxjjhvwhg e| Jodhvhu dqg

Vfkhlqnpdq +4<<<, +lq frqmxqfwlrq zlwk wkh qrwlrq ri orfdo dqg joredo lqwhudfwlrq,

zh frqvlghu d prgho zklfk lqfoxghv pxowlsoh h{suhvvlrqv ri vrfldo lqwhudfwlrq1

46 Lq uhihuulqj wr d orfdo lqwhudfwlrq lqglylgxdov kdyh lqfhqwlyhv wr frqirup wr wkh ehkdylrxu ri d

vpdoo qxpehu ri dssursuldwho| gh�qhg qhljkerxuv1 Lq frqwudvw d joredo lqwhudfwlrq uhihuv wr d vlwx0

dwlrq zkhuh lqglylgxdov idfh lqfhqwlyhv wr frqirup ehkdylrxu wr wkh phdq +zhljkwhg ru xqzhljkwhg,

ri d frpprq uhihuhqfh jurxs1
47 Lq rwkhu frqwh{w{ wkh orfxv ri lqwhudfwlrq pljkw frqvlvw ri d zhoo0gh�qhg vhw ri krxvhkrogv zkr

olyh zlwklq d jlyhq jhrjudsklfdo vsdfh vxfk dv d vwuhhw +vhh/ iru h{dpsoh/ Jxlqqdqh/ Prhkolqj/ dqg

R*Judgd +5334d,,1
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Zh dujxh wkdw li wkh dvvxpswlrq ri d vlqjoh prgh ri lqwhudfwlrq lv huurqhrxvo|

pdgh/ wkhq lw lv srvvleoh wr duulyh dw lqfruuhfw lqihuhqfhv dv wr wkh suhflvh phfkdqlvp

ri vrfldo lqwhudfwlrq1 Wkxv/ dowkrxjk lw lv ri frxuvh qhfhvvdu| wr dghtxdwho| frqwuro

iru wkh h�hfwv ri d frpprq hqylurqphqw ehiruh pdnlqj lqihuhqfh rq wkh h{lvwhqfh

ri d vrfldo lqwhudfwlrq h�hfw/ lw lv vlploduo| lpsruwdqw wr hqvxuh wkdw/ frqglwlrqdo rq

vxfk frqwurov ehlqj pdgh/ dq revhuyhg irup ri lqwhudfwlrq/ lv qrw/ dw ohdvw lq sduw/

ghwhuplqhg e| wkh h�hfwv ri dq rplwwhg irup ri lqwhudfwlrq1

814 Vrfldo Ohduqlqj dqg Vrfldo Lq xhqfh

Wkh prgho ri uhsurgxfwlyh h{whuqdolwlhv rxwolqhg deryh vxjjhvwv wkdw h{whuqdolwlhv

fdxvhg e| pxowlsoh vrfldo lqwhudfwlrqv zlwklq frppxqlwlhv frxog ohdg wr pxowlsoh

htxloleuld/ lq zklfk d frppxqlw| frxog ehfrph vwxfn lq d vxe0rswlpdo exw vhoi0

vxvwdlqlqj prgh ri ehkdylrxu1 Krzhyhu/ lq vhhnlqj wr glvhqwdqjoh lqglylgxdo h�hfwv

iurp wkh ydulrxv pdqlihvwdwlrqv ri phdq jurxs h�hfwv lw lv qhfhvvdu| wr jr eh|rqg wkh

udwkhu xqlqirupdwlyh qrphqfodwxuh ri vrfldo lqwhudfwlrq/ dqg xqghuvwdqg wkh suhflvh

phfkdqlvpv zklfk wudqvodwh djjuhjdwh ihuwlolw| ehkdylrxu lqwr dq h�hfw rshudwlqj dw

wkh ohyho ri lqglylgxdo ghflvlrq pdnlqj1

Lq xvlqj wklv iudphzrun wr dqdo|vh furvv0vhfwlrq g|qdplfv zh frqvlghu wzr glv0

wlqfw surfhvvhv e| zklfk vrfldo lqwhudfwlrqv lq xhqfh ihuwlolw|148 Iluvw/ wkurxjk zkdw

zh ghqrwh dv d surfhvv vrfldo ohduqlqj/
49 zklfk zh xvh lq wkh vdph vhqvh dv Hoolvrq

dqg Ixqghqehuj +4<<6,/ qdpho| zkhuh ihuwlolw| ghflvlrqv duh ghwhuplqhg/ lq sduw/ e|

wkh dffxpxodwhg h{shulhqfhv ri rwkhuv olylqj orfdoo|1 Iru h{dpsoh/ zh pljkw frq0

vlghu wkh suredelolw| ri erwk h{srvxuh wr qhz whfkqrorj|/ dqg vxevhtxhqw dgrswlrq/

dv sduwldoo| ghwhuplqhg e| jhrjudsklf sur{lplw|/ uhsuhvhqwlqj vxfk dq h�hfw xvlqj

vsdwldo foxvwhuv ri olnh lqglylgxdov4: +vhh Prqwjrphu|/ Nlurv/ Dj|hpdq/ Fdvwhuolqh/

Djorelwvh/ dqg Khzhww +5334,/ s1 7,1 Vhfrqg/ vrfldo lq xhqfh/ Jodhvhu*v vwljpd

lqwhudfwlrq/ uhodwhv wr wkh frqvwudlqwv rq ghflvlrq0pdnlqj lpsduwhg e| lqvwlwxwlrqv/

hwkqlf dqg2ru srolwlfdo jurxsv1 Zh eholhyh wkh glvwlqfwlrq ehwzhhq orfdo dqg joredo

lqwhudfwlrq lv xvhixo lq xqghuvwdqglqj wkh surfhvvhv ri vrfldo ohduqlqj dqg lq xhqfh1

D orfdo lqwhudfwlrq rffxuv lq uhodwlyho| vpdoo jurxsv frqvlvwlqj ri lqglylgxdov wkdw

pd| nqrz hdfk rwkhu dqg duh deoh wr revhuyh lqglylgxdo ihuwlolw| rxwfrphv1 Iru

h{dpsoh/ lq wkh fdvh ri wkh Nlnx|x zh pljkw h{shfw wkh h{whqw ri vxfk lqwhudfwlrq

wr eh rq dyhudjh kljkhu jlyhq wkdw foxvwhuv ri krxvhkrogv duh jhqhudoo| frpsulvhg

ri jurxsv ri lqglylgxdov zklfk duh uhodwhg e| eorrg dqg pduuldjh +wkh pedul,1 Lq

vxfk d vlwxdwlrq rqh pljkw h{shfw wr �qg d vwurqjhu qrupdwlyh lq xhqfh uhodwlyh wr

foxvwhuv frpsulvhg ri krxvhkrogv/ dv lq wkh fdvh ri wkh Ndohqmlq/ zklfk olyh pdlqo|

lq krphvwhdgv wkdw duh lqglylgxdo idplo| edvhg1 Lq frqwudvw/ joredo lqwhudfwlrqv/ rf0

fxuulqj dprqjvw jhrjudsklfdoo| glvshuvhg hwkqlf jurxsv/ wdnh wkh irup ri doohjldqfhv

wr jurxs qrupv zlwk wkh h{lvwhqfh ri vdqfwlrqv iru fhuwdlq w|shv ri ehkdylrxu1 Wkh

48Fulwlfdo khuh lv wkh vhsdudwlrq ri dq lqvwdqw h{srvxuh wr d phvvdjh dqg d vxevhtxhqw fkdqjh lq

ehkdylrxu1 Vhh Erqjdduwv dqg Zdwnlqv +4<<9,
49Jodhvhu*v ohduqlqj lqwhudfwlrq
4:Ghprjudsklf vwxglhv wkdw irfxv rq xuedq srsxodwlrqv kdyh xvhg phdvxuhv ri xuedqlvdwlrq/

vwuhhw0ohyho dqg qhljkerxukrrg h�hfwv zloo eh vljql�fdqw iru ihuwlolw| +Jxlqqdqh/ Prhkolqj/ dqg

R*Judgd +5334e,,
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txhvwlrq ri zklfk lqwhudfwlrq suhgrplqdwhv wr lq xhqfh ihuwlolw|/ lv lpsruwdqw1

Lq wkh frqwh{w ri ihuwlolw| zh hpskdvlv wkh uroh ri wkuhh phwulfv1 Iluvw/ wkh

phwulf hwkqlflw| srvwxodwhv wkdw wkh vwdwxv ri zrphq/ dqg dwwlwxghv wrzdugv fkloguhq/

pd| gl�hu vxevwdqwldoo| dfurvv hwkqlf jurxsv/ zlwk gl�huhqwldo hydoxdwlrq ri wkh

sv|fkrorjlfdo frvwv dqg ehqh�wv ri ehdulqj fkloguhq1 Jlyhq wkdw wkh Nlnx|x h{klelw

wkh juhdwhvw vhqvh ri hwkqlf lghqwlw|/ wklv vxjjhvwv wkdw lqglylgxdov ghsduwlqj iurp d

vhw ri jurxs qrupv pd| ihho d kljkhu ohyho ri vdqfwlrq/ uhodwlyh wr phpehuv ri dqrwkhu

jurxs1 Iru wkhvh uhdvrqv/ hwkqlf jurxsv duh hvshfldoo| olnho| wr dgrsw dqg pdlqwdlq

gl�huhqw sudfwlfhv wr wkrvh ri rwkhu jurxsv14; Vhfrqg/ zh kdyh qrwhg wkdw lq wkh fdvh

ri Nhq|d/ vlwxdwhg ehwzhhq wkh lqglylgxdo/ wkh krxvhkrog dqg wkh hwkqlf jurxs/ duh

uhodwlyho| vpdoo foxvwhuv zlwklq zklfk sk|vlfdo sur{lplw| glfwdwhv wkdw lqglylgxdov

gluhfwo| revhuyh dqg ehdu wkh frvwv ri wkh ghflvlrqv ri rwkhuv1 Wkh wklug ohyho ri

lqwhudfwlrq/ zlwklq wkh krxvhkrog/ frqvlvwv ri/ iru h{dpsoh/ wkh lq xhqfh ri h{whqghg

idplo| rq frqwudfhswlyh xswdnh dqg ihuwlolw|1 Lq vwxglhv ri Vrxwk Dvld +Kdmqdo +4<;5,/

L|hu +5335,, wkh krxvhkrog zklfk gh�qhv wkh orfxv ri lqwhudfwlrq fdq eh yhu| zlgho|

gh�qhg/ lqfoxglqj qrw rqo| wkh lpphgldwh idplo|/ exw grphvwlf vhuydqwv/ glvwdqw

uhodwlyhv dqg vr iruwk1 Lq frqwudvw/ wkh krxvhkrog lq Nhq|d frqvwlwxwhv d zhoo0gh�qhg

dqg �{hg xqlw ri dqdo|vlv1

Dv dq h{dpsoh/ frqvlghu wkh fdvh ri vrfldo lqwhudfwlrq dqg frqwudfhswlyh xvh1

D surfhvv ri lqwhudfwlrq wkurxjk vrfldo ohduqlqj hpskdvlvhv wkdw zrphq vkduh h{0

shulhqfhv rq wkh h�hfwlyhqhvv ri d qhz frqwudfhswlrq whfkqrorj|/ zlwk juhdwhu xvh

uhvxowlqj lq ehwwhu lqirupdwlrq dqg uhgxfhg frvw ri xvh1 Lq frqwudvw dq lqwhudfwlrq

wkurxjk vrfldo lq xhqfh kljkoljkwv wkh h�hfwv ri xvh e| rwkhu frppxqlw| ru hwkqlf

jurxs phpehuv lq vljqdoolqj wkh dffhswdqfh dqg odfn ri vdqfwlrqv dwwdfkhg wr lwv

xvh1

815 Wkh Furvv0Vhfwlrq G|qdplfv ri Dgmxvwphqw

Lqfrpsohwh 11

9 Hfrqrphwulf Lqihuhqfh rq Vrfldo Lqwhudfwlrq

Lq frqwudvw wr ydulrxv ghshqghqfh phwulfv zklfk fkdudfwhul}h wlph vhulhv prghov/ wkh

dvvxpswlrq ri lqghshqghqfh dfurvv revhuydwlrqdo xqlwv irupv wkh edvlv ri sdudphwhu

lghqwl�fdwlrq lq d eurdg fodvv ri furvv0vhfwlrqdo prghov1 Dsshdolqj wr wklv w|sh ri

lghqwl�fdwlrq lv qrw dssursuldwh zkhq wkhuh h{lvwv qdwxudo jurxslqjv ri revhuydwlrqv

lq wkh gdwd1 Dv Krqruh +5335, qrwhv/ wkhuh duh dw ohdvw wzr uhdvrqv zk| vxfk

d jurxslqj lv lqwhuhvwlqj1 Iluvw/ wkh idloxuh wr dffrxqw iru wkh jurxs vwuxfwxuh fdq

uhvxow lq lqh!flhqw hvwlpdwlrq/ hvshfldoo| zkhq hvwlpdwhg frh!flhqwv duh ghwhuplqhg

e| ehwzhhq0jurxs yduldwlrq4<1 Il{hg dqg udqgrp h�hfwv prghov uhsuhvhqw phwkrgv

wr dffrxqw iru rplwwhg jurxs0vshfl�f khwhurjhqhlw|1 Krzhyhu/ lw lv lpsruwdqw wr

hpskdvlvh wkdw xqwlo uhfhqwo| jurxs0ohyho yduldeohv kdyh/ lq jhqhudo/ ehhq hpsor|hg dv

4;Wkhuh kdv ehhq d juhdw ghdo ri uhvhdufk rq wkh h�hfwv rq ihuwlolw| ri uholjlrq dqg hwkqlf jurxs

phpehuvkls +Jhooqhu +4<;4,> Vdqghu +4<<8,> L|hu +5335,,1
4<Vhh Prxowrq +4<;9,/ Fkdpehuodlq +4<;5, dqg Pxqgodn +4<;5,1
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d frqwuro iru wkh h�hfwv ri vlplodu hqylurqphqwv/ zlwk lqihuhqfh jhqhudoo| frqgxfwhg

rq wkh lpsdfw ri lqglylgxdo fkdudfwhulvwlfv rq ihuwlolw| rxwfrphv1 Lq wklv frqwh{w wkh

vlwxdwlrq lv uhyhuvhg lq wkh vhqvh wkdw rqh ri wkh sulqflsdo remhfwlyhv lv wr h{dplqh

wkh h{whqw wr zklfk ehwzhhq jurxs h�hfwv duh ghwhuplqdqwv ri ihuwlolw|/ diwhu wkh

qhfhvvdu| frqwurov iru zlwklq jurxs +fruuhodwhg, h�hfwv1

Wkh vhfrqg udwlrqdoh iru h{dplqlqj jurxs h�hfwv/ dqg wkh uhdvrq iru wkh uhyhuvdo/

lv wkdw wkh uhodwlrqvkls ehwzhhq revhuydwlrqv lq wkh vdph jurxsv pljkw eh ri lqwhuhvw

lq lwvhoi1 Lq dgglwlrq/ udwkhu wkdq vlpso| hqvxulqj wkdw wkhuh duh hqrxjk lqglylgxdo

frqwurov lq rughu wr pdnh lqihuhqfh rq jurxs h�hfwv/ zh vhhn wr gl�huhqwldwh ehwzhhq

wkh ydulrxv pdqlihvwdwlrqv ri vxfk h�hfwv/ iroorzlqj wkh zrun ri Pdqvnl +4<<6, 1111

Zh qrwh wkdw lq d qxpehu ri hpslulfdo vwxglhv ri ihuwlolw|/ ghprjudskhuv kdyh riwhq

xvhg pxowlohyho +yduldqfh frpsrqhqwv, whfkqltxhv wr frqwuro iru xqrevhuyhg khwhur0

jhqhlw| dw wkh ohyho ri d jurxs ri lqglylgxdov1 Wkh ixqgdphqwdo fkdudfwhulvwlf zklfk

gl�huhqwldwhv wklv phwkrgrorj| iurp rxu dssurdfk lv wkdw zh dvvljq/ wkhruhwlfdoo|

dv zhoo dv hpslulfdoo|/ d pruh surplqhqw uroh wr wkh phfkdqlvpv e| zklfk vrfldo

lqwhudfwlrqv d�hfw ihuwlolw| ehkdylrxu1

Wkh prgho ri uhsurgxfwlyh h{whuqdolwlhv rxwolqhg lq Vhfwlrq 6 vxjjhvwv d klhu0

dufklfdo vwuxfwxuh xqghuo|lqj lqglylgxdo ghflvlrq pdnlqj1 Qdpho|/ zh revhuyh wkh

glvwulexwlrq ri lqglylgxdo ghflvlrqv rq ihuwlolw| fkrlfh/ zkhuh lqglylgxdov uhvlgh zlwklq

krxvhkrogv/ duh phpehuv ri hwkqlf jurxsv/ dqg krxvhkrogv foxvwhu zlwklq qhljkerxu0

krrgv1 Vxevhtxhqwo| zh dffrxqw iru wzr ghsduwxuhv iurp l1l1g0edvhg lghqwl�fdwlrq lq

d furvv0vhfwlrq1 Iluvw/ lqglylgxdov ehorqjlqj wr wkh vdph hwkqlf jurxs duh olnho| wr eh

lq xhqfhg e| djjuhjdwh ehkdylrxu zlwklq wkh jurxs/ frpprq fxowxudo qrupv53/ dqg

vkduh fkdudfwhulvwlfv wkdw uhvxow iurp wkh revhuydqfh ri wkhvh qrupv1 Wklv lq wxuq

d�hfwv wkhlu ihuwlolw| ehkdylrxu1 Vhfrqg/ lq qhljkerxukrrg foxvwhu zkhuh krxvhkrogv

olyh lq forvh sur{lplw|/ wkhlu ihuwlolw| ehkdylrxu lv dovr olnho| wr eh lq xhqfhg e| lq0

whudfwlrqv wkdw rffxu dfurvv krxvhkrogv/ hvshfldoo| zkhuh krxvhkrogv foxvwhu edvhg

xsrq nlqvkls1

Ehorz zh frqvlghu d qxpehu ri fulwlfdo lvvxhv wkdw zh qhhg wr dgguhvv zkhq

vhhnlqj wr pdnh lqihuhqfh rq wkh uroh ri vrfldo lqwhudfwlrqv rq ihuwlolw| ghflvlrqv1

Wkhvh duh= wkh jhqhudo sureohp ri lghqwl�fdwlrq/ vsxulrxv lqihuhqfh/ lghqwli|lqj pruh

wkdq rqh fkdqqho ri lqwhudfwlrq/ dqg frqgxfwlqj lqihuhqfh zlwk d vlqjoh furvv0vhfwlrq

914 Wkh Lghqwl�fdwlrq Sureohp

Wkh revhuyhg gdwd frqvlvwv ri +F> {> }, zkhuh F lv vfdodu rxwfrph phdvxulqj fklo0

guhq hyhu eruq +FHE,/ { lv d fdwhjrulfdo yduldeoh lghqwli|lqj hwkqlf jurxs/ } lv d

n� 4 yhfwru ri fkdudfwhulvwlfv uhfrughg dw wkh ohyho ri wkh lqglylgxdo/ lqfoxglqj hgx0

fdwlrqdo dwwdlqphqw/ djh/ dqg lqfrph1 x ghqrwhv d yhfwru ri xqrevhuyhg lqglylgxdo

fkdudfwhulvwlfv1 D olqhdu prgho ri FHE zklfk frqvlghuv gl�huhqw pdqlihvwdwlrqv ri

vrfldo lqwhudfwlrq lv zulwwhq dv

F @ �. �H+Fm{, .H+}m{,�� . }
�� . x> +44,

53Iru h{dpsoh/ fxowxudo qrupv pljkw lq sduw ghwhuplqh wkh lpsruwdqfh sodfhg e| gl�huhqw hwkqlf

jurxsv rq kdylqj fkloguhq/ ru rq wuledo dqg olqhdjh frqvlghudwlrqv1
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zkhuh � dqg � duh xqnqrzq vfdodu sdudphwhuv/ dqg � dqg � duh/ uhvshfwlyho|/ n� 4

dqg o � 4 sdudphwhu yhfwruv/ zlwk o � n1 H+xm{> }, @ {��=

Wkh frqglwlrqdo phdq ri F jlyhq +{>}, pd| eh zulwwhq dv

H+Fm{>}, @ �. �H+Fm{, .H+}m{,�� . {
�
� . }

��= +45,

Hqgrjhqrxv h�hfwv rq lqglylgxdo ihuwlolw| rxwfrphv/ lq wkh vhqvh wkdw wkh phdq

fkloguhq hyhu eruq +FHE, e| hwkqlf jurxs lv d ghwhuplqdqw ri lqglylgxdo FHE54 duh

suhvhqw iru � 9@ 3= Iru � 9@3 zh revhuyh d frqwh{wxdo h�hfw zkhuhe| FHE ydulhv zlwk

H+}m{,> wkh phdq fkdudfwhulvwlfv e| hwkqlflw|1 Irfxvvlqj xsrq d vlqjoh hohphqw ri

}/ vd| }� ghqrwlqj hgxfdwlrq ohyho/ zh duh lqwhuhvwhg lq fdswxulqj wkh h�hfw ri pruh

kljko|0hgxfdwhg zrphq lq d srsxodwlrq rq ihuwlolw| ghflvlrqv diwhu frqwuroolqj iru

wkh ohyho ri hgxfdwlrq ri wkh lqglylgxdo155 Zh zrxog h{shfw wkdw frqglwlrqdo xsrq

hwkqlflw|/ FHE zrxog eh orzhu iru pruh kljko| hgxfdwhg zrphq wkdq rwkhuv/ vxfk

wkdw �� ? 31 Lq dgglwlrq/ wkh fkdudfwhulvwlfv ri wkhvh pruh kljko| hgxfdwhg zrphq

pd| �owhu wkurxjk wr lq xhqfh FHE vxfk wkdw �� ? 3 rufkhvwudwlqj d wudqvlwlrq lq

ihuwlolw|1

Fruuhodwhg h�hfwv rshudwh wkurxjk � dqg uh hfw wkh suhvhqfh ri frpprq xqre0

vhuydeoh fkdudfwhulvwlfv= wkhvh pd| udqjh iurp idfwruv vxfk dv wkh lq xhqfh ri wkh

orfdo uholjlrxv fohuj| dqg2ru wuledo fxvwrpv/ wr zrphq*v shufhswlrqv derxw wkh frvwv

dqg ehqh�wv ri fklogehdulqj/ ru wr wkh dgydqwdjhv ri rewdlqlqj dq hgxfdwlrq lq wklv

vrflhw|1 ^Wr wkh h{whqw wkdw wkhvh duh qrw slfnhg xs e| hwkqlflw|`1

Dv lw vwdqgv +45, lv qrw hvwlpdeoh jlyhq wkh hqgrjhqrxv uhjuhvvru H+Fm{,= Lq

rughu wr rewdlq dq h{suhvvlrq iru H+Fm{, zh pdujlqdolvh erwk vlghv ri +45, zlwk

uhvshfw wr }> jlylqj

H+Fm{, @ �. �H+Fm{, .H+}m{,�� . {
�
� .H+}m{,��= +46,

Iru � 9@ 4 zh pd| uhzulwh +46, dv

H+Fm{, @ �@+4� �, .H+}m{,�+� . �,@+4� �, . {
�
�@+4� �,= +47,

Wkh jhqhvlv ri wkh lghqwl�fdwlrq sureohp ghulyhv iurp wkh vlpsoh revhuydwlrq wkdw lq

+44, zh vshfli| d prgho iru fkloguhq hyhu eruq zklfk lv olqhdu lq d phdq hqgrjhqrxv

h�hfw/ H+Fm{,> dqg d phdq h{rjhqrxv h�hfw/ H+}m{,= Lw wkhuhiruh iroorzv wkdw wkh

uhgxfhg irup uhsuhvhqwdwlrq ri wkh frqglwlrqdo phdq H+Fm{, zloo eh d ixqfwlrq ri

H+}m{,= Wklv lv reylrxvo| fhqwudo wr wkh txhvwlrq ri lghqwl�fdwlrq/ qdpho| zh vwduw

zlwk wkh lqwhqwlrq ri glvhqwdqjolqj d phdq jurxs +hwkqlf, h�hfw/ lq whupv ri wkh wkuhh

frpsrqhqwv H+Fm{,> H+}m{,> dqg H+xm{> },/ dqg revhuyh wkdw/ qrw vxusulvlqjo|/ wkh

uhgxfhg irup H+Fm{, lv d ixqfwlrq ri H+}m{,=

Wkh revhuydwlrq wkdw wkh phdq hqgrjhqrxv h�hfw lv d ixqfwlrq ri wkh phdq

h{rjhqrxv h�hfw lv ri frxuvh zkroo| lq nhhslqj zlwk wkh wkhruhwlfdo suhglfwlrqv ri

�frqwdjlrq� wkhru| +dv lq Gdvjxswd +5333,,1 Uhwxuqlqj wr rxu h{dpsoh ri hgxfdwhg

zrphq/ wklv wkhru| zrxog dujxh wkdw lq wkh wudqvlwlrq wr orz ihuwlolw|/ lqfuhdvlqj

qxpehuv ri hgxfdwhg zrphq lq d vrflhw| duh wkh rqhv zkr dfw dv *wudglwlrq0euhdnhuv*

54Udwkhu wkdq vlpso| uh hfwlqj lqglylgxdo dfwlrqv1
55
Hfrorjlfdo idoodf|1
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ehfdxvh wkh| surpsw vrflhwlhv wr pryh iurp d kljk0ihuwlolw| htxloleulxp wr d orz0

ihuwlolw| rqh1 Lq wkh frqwh{w ri ihuwlolw| ehkdylrxu lq Nhq|d wklv zrxog vxjjhvw wkdw

ihuwlolw| ghflvlrqv e| ohvv0hgxfdwhg zrphq ehorqjlqj wr d sduwlfxodu hwkqlf jurxs

+dqg2ru olylqj lq d fhuwdlq uhjlrq,/ zrxog eh lq xhqfhg e| pruh kljko|0hgxfdwhg

zrphq ehorqjlqj wr wkh vdph hwkqlf jurxs +dqg2ru olylqj lq wkh vdph uhjlrq,1

Wr ghwhuplqh h{dfwo| zkdw lv lghqwl�hg zh lqvhuw +47, lqwr +45, jlylqj

H+Fm{>}, @ �@+4� �, .H+}m{,�^+� . ��,@+4� �,` . {��@+4� �, . }
�
�= +48,

AIurp +48, zh vhh wkdw wkh frpsrvlwh sdudphwhuv �@+4��,> +�.��,@+4��,> �@+4�
�,> wrjhwkhu zlwk � duh lghqwl�hg frqglwlrqdo xsrq wkh uhjuhvvruv ^4> H+Fm{,> {>}`
ehlqj olqhduo| lqghshqghqw lq wkh srsxodwlrq1

Wkhuh duh d qxpehu ri zd|v wr flufxpyhqw wkh lghqwl�fdwlrq sureohp1 Zlwklq d

olqhdu iudphzrun wkh vlpsohvw |hw suredeo| wkh prvw uhvwulfwlyh phwkrg/ lv wr lpsrvh

}hur uhvwulfwlrqv1 Iru h{dpsoh/ Eurfn dqg Gxuodxi +5333, dfklhyh lghqwl�fdwlrq e|

orfdwlqj dq lqglylgxdo ohyho yduldeoh zkrvh jurxs ohyho dyhudjh fdq eh uxohg rxw

d sulrul dv d frqwh{wxdo h�hfw561 H{sdqg rq wklv lq rxu fdvh1 D pruh jhqhudo

dssurdfk/ dqg wkh rqh xvhg lq wklv vwxg|/ lv wr dsso| d olqn ixqfwlrq wr wkh frqglwlrqdo

h{shfwdwlrq H+Fm{> },= Qdpho|/ lqvwhdg ri dvvxplqj wkdw wklv h{shfwdwlrq lv olqhdu

zh zulwh

H+Fm{>}, @ I +�. �H+Fm{, .H+}m{,�� . {�� . }
��,> +49,

zkhuh I +=, lv d qrqolqhdu prqrwrqlf wudqvirupdwlrq zklfk pdsv wkh frqglwlrqdo

phdq iurp ? wr wkh xqlw lqwhuydo1 Wklv pdsslqj dfklhyhv wzr wklqjv1 Iluvw/ wkh

pdujlqdo h�hfwv duh qrz qrw wkh hvwlpdwhg sdudphwhuv1 Iru h{dpsoh/ wkh pdujlqdo

h�hfw ri dq lqfuhdvh lq jurxs ohyho ihuwlolw|

CI +=,

CH+Fm{,
@ !+H+Fm{@�,,�@�>

ghshqgv rq wkh ohyho ri phdq ihuwlolw|1 Zh pljkw h{shfw wkdw dw erwk kljk dqg

orz ohyhov ri H+Fm{, wklv h�hfw zloo eh vpdoo/ zlwk wkh h�hfw ri vrfldo lqwhudfwlrq

kljkhvw iru plg ohyho ydoxhv1 Dv dq h{dpsoh/ frqvlghu wkh fdvh ri d elqdu| glvfuhwh

fkrlfh prgho/ zkhuh iru d jlyhq jurxs ri krxvhkrogv/ H+Fm{, lv forvh wr rqh1 Lq

wklv lqvwdqfh wkh pdujlqdo h�hfw ri d vpdoo lqfuhdvh lq dyhudjh ihuwlolw| zloo eh vpdoo

vlqfh wkrvh uhpdlqlqj zrphq zlwkrxw fkloguhq duh xqolnho| wr uhvsrqg wr wkh ihuwlolw|

ehkdylrxu ri rwkhuv lq wkh jurxs1 Lq �jxuh - zh suhvhqw wklv uhodwlrqvkls lq wkh irup

ri d uhdfwlrq fxuyh1 E| frqvlghulqj wkh lqwhuvhfwlrq ri wkh 78f olqh dqg wkh ixqfwlrq

I +, @ Su+F� @ 4m}> {, dqg H+Fm{,> zh vhh wkdw xqolnh wkh olqhdu prgho/ wkh xvh

ri d olqn ixqfwlrq doorzv iru pxowlsoh htxloleuld1> dqg uhodwhg/ wkh pdjqlwxgh ri dq|

fkdqjh lq wkh ihuwlolw| ohyho ri wkh uhihuhqfh jurxs zloo ghshqg rq wkh ohyho ri dyhudjh

ihuwlolw|1

Wkh lqwurgxfwlrq ri wkh olqn ixqfwlrq zloo dovr vhuyh wr holplqdwh/ h{fhsw lq sdwkr0

orjlfdo fdvh/ Pdqvnl*v uh hfwlrq sureohp1 Dowkrxjk wkh revhuydwlrq wkdw wkh lqwur0

gxfwlrq ri d qrq0olqhdu wudqvirupdwlrq idflolwdwhv wkh lghqwl�fdwlrq ri dq rwkhuzlvh

56
Qrwh wkdw wkh h{lvwhqfh ri vxfk yduldeohv zloo lqfuhdvh wkh suhflvlrq ri wkh hvwlpdwhv lq d qrqolqhdu

vhwwlqj1
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xqlghqwl�hg prgho lv qrw qhz57/ lw lv qrwhzruwk| wkdw e| lqwurgxflqj I +,> zh qhhg
qrw zulwh wkh uhgxfhg irup ri +46, dv +47,1 Iru h{dpsoh/ zlwk I +, hlwkhu wkh orjlvwlf
ru vwdqgdug qrupdo fxpxodwlyh glvwulexwlrq ixqfwlrq/ wkh sureohp lv wudqviruphg wr

rqh ri h{sodlqlqj wkh suredelolw| ri kdylqj dw ohdvw rqh fklog1

915 Hpslulfdo Lghqwl�fdwlrq= Vsxulrxv Lqihuhqfh rq Vrfldo Lqwhudf0
wlrq

Wkh �qglqj ri d vwdwlvwlfdoo| vljql�fdqw lqwhudfwlrq h�hfw dwwulexwhg wr rqh ru pruh

pdqlihvwdwlrqv ri jurxs +djjuhjdwh, ehkdylrxu/ pd| eh d uhvxow ri dq xqghuvshfl�0

fdwlrq dw wkh ohyho ri wkh lqglylgxdo xqlw158 Wkh fulwlfdo lvvxh khuh lv zkhwkhu wkh

phdq ydoxhv ri wkh lqglylgxdo fkdudfwhulvwlfv +frqvwuxfwhg ryhu dssursuldwho| gh�qhg

jurxsv, duh hqgrjhqrxv wr xqrevhuyhg lqglylgxdo fkdudfwhulvwlfv1 D fruroodu| ri wklv

lv wkh txhvwlrq ri krz urexvw duh dq| hvwlpdwhg jurxs h�hfwv wr gl�huhqw ohyhov ri

frqwuro iru zlwklq jurxs yduldwlrq +Qrwh= h{sdqg uhodwlyh wr pdnlqj lqihuhqfh rq

pruh wkdq rqh jurxs h�hfw/ dqg wkhuhiruh gl�huhqw pdqlihvwdwlrqv ri xqghuvshfl�fd0

wlrq1 111Iru h{dpsoh/ wkh �qglqj ri d vljql�fdqw djjuhjdwh +h{rjhqrxv, foxvwhu h�hfw

dwwulexwdeoh wr wkh phdq hgxfdwlrq ri lqglylgxdov/ pljkw eh vsxulrxv li dq lqglylgxdo

fkdudfwhulvwlf zklfk lv erwk fruuhodwhg zlwk wklv dyhudjh dqg d ghwhuplqdqw iru ihu0

wlolw| lv rplwwhg1 Vlploduo| xqrevhuyhg dwwulexwhv ri wkh foxvwhu pd| dovr frqirxqg

lq xhqfh rq wkh vljql�fdqfh ri lqwhudfwlrqv159

Jlqwkhu/ Kdyhupdq/ dqg Zroih +5333, lq h{dplqlqj wkh urexvwqhvv ri lqihuhqfh

rq wkh h�hfw ri qhljkerxukrg fkdudfwhulvwlfv rq gl�huhqw phdvxuhv ri fkloguhq*v dw0

wdlqphqw/ h{solflwo| frqvlghu wkh urexvwqhvv ri lqihuhqfh dwwulexwdeoh wr jurxs h�hfwv1

Wkh irfxv ri wkhlu dqdo|vlv lv wkh yduldwlrq lq erwk pdjqlwxgh dqg vljql�fdqfh ri

qhljkerxukrrg h�hfwv dfurvv d qxpehu ri prgho vshfl�fdwlrqv/ gl�huhqwldwhg e| gli0

ihulqj ghjuhhv ri frqwuro iru idplo| fkdudfwhulvwlfv1 Rqh qrwhzruwk| �qglqj lv wkdw

wkh forvhu wkh qhljkerxukrrg fkdudfwhulvwlf wr wkh rxwfrph phdvxuh wkh pruh urexvw

lv dq| lqihuhqfh rq wklv h�hfw wr ydu|lqj frqwurov iru idplo| fkdudfwhulvwlfv5:1 Qrz

pdnh glvwlqfwlrq ehwzhhq hqgrjhqrxv dqg frqwh{wxdo h�hfwv1 Pruh vshfl�fdoo| wkh

dxwkruv �qg wkdw d vljql�fdqw qhljkerxukrrg h�hfw lv revhuyhg dv wkh vhw ri idplo|

fkdudfwhulvwlfv lv uhgxfhg1

D sureohp ri hqgrjhqrxv jurxs irupdwlrq +vhoi0vhohfwlrq, lv dovr d srwhqwldo

frqirxqglqj h�hfw1 Frqvlghu wkh fdvh zkhuh Q lqglylgxdov ghvfulehg e| d yhfwru {

ri fkdudfwhulvwlfv duh glvwulexwhg ryhu M ? Q jurxsv1 Dq lqyhvwljdwru vhhnv wr pdnh

lqihuhqfh rq wkh h�hfw ri rqh ru pruh jurxs ohyho yduldeohv rq ihuwlolw| ghflvlrqv1 Lq

frqvlghulqj wkh srvvlelolw| ri qrq0udqgrp vhohfwlrq lqwr wkh M jurxsv zh �uvw zulwh

57Iru h{dpsoh/ Khfnpdq*v vhohfwlrq prgho1

58Kdxvhu+ , uhihuv wr wklv dv d �frqwh{wxdo idoodf|�1
59Dv dq h{dpsoh/ Mdodq dqg Udydoolrq +4<<:, lghqwli| srvlwlyh h{whuqdolwlhv dulvlqj iurp dyhudjh

zhdowk1 Krzhyhu/ wkh fulwlfdo lvvxh lv wkdw lq orfdwlqj dq djjuhjdwh h�hfw lw lv qhfhvvdu| wr hqvxuh

wkdw vxfk dq h�hfw lv qrw d sur{| iru rplwwhg qrq0jhrjudsklf yduldeohv1 Qdpho|/ dq djjuhjdwh

jhrjudsklf h�hfw pljkw eh vsxulrxv li d krxvhkrog dwwulexwh zklfk lv erwk fruuhodwhg zlwk dyhudjh

zhdowk +l1h1 hgxfdwlrq, dqg d ghwhuplqdqw iru jurzwk lv rplwwhg1
5:D frqfhuq iru wklv sureohp prwlydwhv wkh dssurdfk dgrswhg e| Jxlqqdqh/ Prhkolqj/ dqg

R*Judgd +5334e,
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{ @ {t ^ {?r zkhuh {r @ {r� ^ {r2 +{?r, ghqrwhv wkh vhw ri fkdudfwhulvwlfv zklfk

duh lpsruwdqw +luuhohydqw, iru vhohfwlrq1 Wkh sduwlwlrq rq {r uh hfwv wkh glvwlqfwlrq

ehwzhhq vhohfwlqj fkdudfwhulvwlfv wkdw duh dovr ghwhuplqdqwv +uhgxqgdqw, iru ihuwlolw|

ghflvlrqv1 Lq vxfk d fdvh dwwulexwlqj d vwdwlvwlfdoo| vljql�fdqw frqwh{wxdo h�hfw wr d

surfhvv ri vrfldo lqwhudfwlrq lv qrw srvvleoh xqohvv doo ydoxhv ri {r� duh frqwuroohg iru1

Iru h{dpsoh/ li lqglylgxdov vruw wkhpvhoyhv edvhg xsrq dq xqrevhuyhg fkdudfwhulvwlf

{R 5 {r�/ zklfk lv dovr d ghwhuplqdqw ri ihuwlolw|/ wkhq dq| vxevhtxhqw jurxs h�hfw

zkhuh wkh jurxs lv dw ohdvw sduwldoo| vsdwldoo| gh�qhg/ pd| eh dfwlqj dv d sur{| iru

wklv xqrevhuyhg h�hfw +vhh Julpolfk +1,,1

Qrz h{sdqg glvfxvvlrq lq whupv ri pxowlsoh ohyhov ri vrfldo lqwhudfwlrq/ dqg wkhuh0

iruh srwhqwldo iru vhohfwlrq eldvhv dw wkhvh gl�huhqw ohyhov1 Lw lv lpsruwdqw wr xqghu0

vwdqg khuh wkdw lqglylgxdov gr qrw vhoi0vhohfw lqwr wkhvh jurxslqjv1 Wkh| gr qrw vhoi0

vhohfw dw wkh ohyho ri wkh krxvhkrog1 Dw wkh ohyho ri wkh foxvwhu wkhuh lv vhoi0vhohfwlrq

lqvridu dv lqglylgxdov orfdwh lq d foxvwhu gxh wr wkhlu hwkqlflw|/ dqg hwkqlflw| lv lp0

sruwdqw iru ihuwlolw|1 Exw zh fdq frqwuro iru wklv e| dovr frqglwlrqlqj rxu dqdo|vlv rq

hwkqlflw|1

916 Lppxwdelolw| dqg Rughulqj +lqfrpsohwh,

Wkh glvfxvvlrq ri pxowlsoh w|shv ri vrfldo lqwhudfwlrq lq vhfwlrq 8/ frqfhuqv/ lq d pruh

jhqhudo vhqvh/ wkh lvvxh ri wkh dssursuldwh rughulqj zlwklq d furvv0vhfwlrq1 Qdpho|/

dowkrxjk wkh irup ri rughulqj lq d wlph vhulhv lv erwk vlqjxodu5; dqg lppxwdeoh/

zlwklq d furvv0vhfwlrq wkhuh pd| h{lvw pruh wkdq rqh rughulqj/ dqg lq dgglwlrq/ wkh

uhodwlyh lpsruwdqfh ri wkhvh rughulqjv ryhu wlph1 Lq wklv vwxg| zh kdyh hqwhuwdlqhg

wkuhh srvvleoh rughulqjv= +l, ghshqghqfh h{lvwv zlwklq wkh krxvhkrog>5< +ll, ghshq0

ghqfh h{lvwv dfurvv lqglylgxdov wkdw uhvlgh lq d foxvwhu ri krxvhkrogv> dqg +lll, wkdw

ghshqghqfh h{lvwv dfurvv lqglylgxdov zlwklq wkh vdph hwkqlf jurxs1 Lq wklv frqwh{w

wkh lvvxh ri lppxwdelolw| frqfhuqv wkh idfw wkdw zlwk d vlqjoh revhuydwlrq shu lq0

glylgxdo zh duh vwulfwo| qrw deoh wr pdnh lqihuhqfh dv wr wkh shupdqhqfh ri dq|

lqwhudfwlrq h�hfwv1 Krzhyhu/ dowkrxjk vlplodu sureohpv ri lqihuhqfh edvhg rq d vlq0

joh furvv0vhfwlrq uhodwh wr zkhwkhu ru qrw dq hvwlpdwhg lqglylgxdo h�hfw uhsuhvhqwv d

vwhdg| vwdwh uhodwlrqvkls/ ru vrph irup ri wudqvlwlrq/ lw lv srvvleoh wr dujxh wkdw= lq

wkh fdvh ri vrfldo lqwhudfwlrq h�hfwv gxh wr ihuwlolw| ehkdylrxu/ wkh uhohydqfh ri wkh

wkuhh rughulqjv/ krxvhkrog/ wkh foxvwhu/ dqg wkh hwkqlf jurxs/ lv xqolnho| wr fkdqjh>

dqg wkdw dq| revhuyhg djjuhjdwh h�hfwv duh xqolnho| wr eh fkdqjh ryhu wlph shulrgv

ri �yh wr whq |hduv +B,

: QrqOlqhdu Prghov ri Ihuwlolw| Ehkdylrxu

Dowkrxjk ghsduwxuhv iurp wkh olqhdu prgho duh qxphurxv/ hfrqrplf wkhru| lv/ lq

jhqhudo/ uhodwlyho| lpsrwhqw lq lqiruplqj fkrlfh dv wr wkh prvw dssursuldwh qrq0

5;
Zlwk ri frxuvh d odujh qxpehu ri gl�huhqw surfhvvhv xvhg wr uhsuhvhqw ghshqghqfh dfurvv d vhw

ri wlph rughuhg revhuydwlrqv1
5<
Qrwh wkdw jlyhq zh gr qrw revhuyh d vhsdudwh vhw ri revhuydwlrqv iru hdfk lqglylgxdo zlwklq

d krxvhkrog/ dqg lqvwhdg revhuyh d frpsdudeoh vhw ri krxvhkrog dwwulexwhv +l1h1 qxpehu ri rwkhu

zlyhv/ vl}h ri krxvhkrog,/ 1111
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olqhdu irup1 Krzhyhu/ lq wklv sduwlfxodu frqwh{w zh pd| qduurz wkh vhw ri rswlrqv

wr wkh iroorzlqj= pxowlsoh lqgh{ prghov fkrlfh prghov> vlqjoh lqgh{ prghov vxfk dv

rughuhg uhvsrqvh> dqg vlqjoh lqgh{ prghov xvlqj d frxqw prgho1 Dowkrxjk doo prghov

lqfrusrudwh suredelolw| prghov zlwk pdvvhv ri suredelolw| dw qrq0qhjdwlyh lqwhjhu

ydoxhv/ wkh Srlvvrq prgho/ lq lpsrvhv ohvv vwuxfwxuh wkdq wkh ruglqdo uhvsrqvh prgho/

dqg wkhuhiruh uhsuhvhqwv d qdwxudo vwduwlqj srlqw1

Wkh Srlvvrq glvwulexwlrq iru wkh qxpehu ri fkloguhq hyhu eruq | @ 3> 4> 5> === / dqg
iru lqwhqvlw| sdudphwhu �> lv jlyhq e|

Su^\ @ |` @
h3>�+

|$
> | @ 3> 4> 5> ===

Wkh sulqflsdo sureohp zlwk wklv vshfl�fdwlrq ghulyhv iurp dq htxlglvshuvlrq glvshu0

vlrq fkdudfwhulvwlf vxfk wkdw H^\ ` @ Y du^\ ` @ �= Dv d uhvxow/ lq fhuwdlq lqvwdqfhv

wklv uhvwulfwlrq zloo uhvxow lq d plvvshfl�fdwlrq1 Iru h{dpsoh/ lq pdq| frxqw sur0

fhvvhv wkh yduldqfh riwhq h{fhhgv wkh phdq +ryhuglvshuvlrq,/ dv d uhvxow ri wkh h{fhvv

}hurv sureohp1 Rqh pdqlihvwdwlrq ri wklv lv wkdw d Srlvvrq ghqvlw| suhglfwv wkh

suredelolw| ri d }hur frxqw wr eh frqvlghudeo| ohvv wkdq revhuyhg1 Lq wkh sduwlfxodu

frqwh{w ri prghoolqj wkh qxpehu ri fkloguhq hyhu eruq wr d zrpdq/ dq h{fhvv }hurv

sureohp pd|/ lq sduw/ ruljlqdwh dv d uhvxow ri zrphq lq wkh vdpsoh zkr fdqqrw kdyh

fkloguhq/ dqg iru zkrp wkhuh duh qr uholdeoh lqglfdwruv ri wkh lqihuwloh vwdwh1

Lq rughu wr flufxpyhqw wkhvh uhvwulfwlrqv d fodvv ri }hur0lq dwhg prghov kdyh

ehhq sursrvhg/ zkhuh wkh yhuqdfxodu lq dwlrq lv xvhg wr ghqrwh wkh idfw wkdw wkh

suredelolw| pdvv dw }hur h{fhhgv wkdw doorzhg xqghu d vwdqgdug sdudphwulf idplo|

ri glvwulexwlrqv1 Wklv frxog dsso| wr erwk wkh Srlvvrq dqg wkh Qhjdwlyh Elqrpldo

prgho1 Erwk wkhvh prghov doorz iru h{fhvv }hurv lq frxqw prghov e| dvvxplqj wkdw

wkh srsxodwlrq lv fkdudfwhulvhg e| wzr uhjlphv= d, dq dozd|v }hur uhjlph> dqg e, d

}hur ru qrq0}hur uhjlph1 Wkh jhqhulf irup ri wkhvh prghov lv jlyhq e|

\� �

+
3 zlwk suredelolw| s�

�+��, zlwk suredelolw| 4� s�

,
>

zkhuh� ghqrwhv wkh nhuqho ghqvlw|1 Lq erwk fdvhv d pl{wxuh glvwulexwlrq lv frpsulvhg
ri dq dozd|v }hur uhjlph/ dqg d vrphwlphv }hur/ zlwk uhvshfwlyh suredelolwlhv s

dqg 4 � s1 QE uhsuhvhqwv d qdwxudo h{whqvlrq ri wkh +qhvwhg, Srlvvrq lq wkh vhqvh
ri doorzlqj iru furvv0vhfwlrq khwhurjhqhlw| wkurxjk wkh prghoolqj ri dq lqglylgxdo
xqrevhuyhg h�hfw/ vd| '�> wkh �uvw wzr prphqwv ri wkh QE prgho duh H^\ ` @ � dqg
Y du+\ , @ �+4 .��,> zkhuh � lv ydu+'�,B Vxevhtxhqwo| zh vlpso| suhvhqw wkh ]hur
Lq dwhg Qhjdwlyh Elqrpldo +]LQE, prgho1

Wkh frqglwlrqdo dqg xqfrqglwlrqdo sgi iru wkh qrq0ghjhqhudwh frpsrqhqw ri wkh
]LQE prgho lv jlyhq e|

i+|�m'�, @ h3>�
��+��'�,

+�@|�$

i+|�, @
"U
f

^h3>�
��+��'�,

+�@|�$`j+'�,g'� +4:,

Iru frqyhqlhqfh/ qdpho| wr hqvxuh d forvhg irup h{suhvvlrq iru +4:,/ d jdppd glvwul0
exwlrq lv fkrvhq iru '�= Wkh frqglwlrqdo phdq lv qrz jlyhq e| oq �� @ oq�� . oq'�=
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zkhuh zh sdudphwhulvh s� xvlqj d surelw olqn ixqfwlrq11
Lq vxppdu| zh xwlolvh d ]LQE prgho/ zkhuh wkh lq dwlrq vxe0prgho dgguhvvhv

wkh h{fhvv }hurv frpsrqhqw> wkh qhjdwlyh elqrpldo frpsrqhqw doorzv iru h{fhvv glv0
shuvlrq deryh dqg eh|rqg h{fhvv }hurv1 Wkh prgho dovr lqfrusrudwhv vwdqgdug huuruv
wkdw duh dgmxvwhg iru d ghsduwxuh iurp llg huuruv gxh wr wkh d udqgrp frpsrqhqw dw
wkh ohyho ri wkh foxvwhu1

; Gdwd dqg fkdudfwhulvwlfv ri GKV vxuyh|

Uh hfwlqj wkh srsxodwlrq euhdngrzq lq wkh frxqwu| dv d zkroh/ rxu vdpsoh/ wdnhq
iurp wkh Nhq|dq Ghprjudsklf dqg Khdowk Vxuyh| +NGKV,63/ kdv gdwd rq wkh Ndohq0
mlq/ wkh Nlnx|x/ Oxk|d/ Oxr/ Ndped/ Nlvll/ Plmlnhqgd2Vzdklol dqg Phux2Hpex164

Wkh Nhq|d GKV dgrswhg d wzr0vwdjh vwudwl�hg vdpsolqj dssurdfk wkdw vhohfwhg
krxvhkrogv orfdwhg zlwklq sulpdu| vdpsolqj xqlwv +SVX, ru vdpsolqj foxvwhuv1 D
vdpsoh ri krxvhkrogv duh wkhq vhohfwhg zlwklq hdfk SVX651 Wkhvh foxvwhuv duh lghq0
wlfdo wr wkh frpsohwh hqxphudwlrq ri vdpsoh foxvwhuv zklfk wrrn sodfh dv sduw ri wkh
4<:: Qdwlrqdo Ghprjudsklf Vxuyh|1 Wkh vdpsoh srlqwv wkhpvhoyhv duh lghqwlfdo wr
wkrvh fkrvhq lq wkh vdpsolqj iudph pdlqwdlqhg e| wkh Nhq|dq Fhqwudo Exuhdx ri
Vwdwlvwlfv1 Lq wkh 68 ri Nhq|d*v 75 glvwulfwv wkdw zhuh lqfoxghg lq wkh vxuyh|/ wkhuh
zhuh 869 foxvwhu olvwv frpslohg 0 777 uxudo foxvwhuv dqg <5 xuedq foxvwhuv/ ri zklfk
863 zhuh qrq0hpsw| foxvwhuv661 Wkhuh zdv dovr dq lpsolflw vwudwl�fdwlrq lqwurgxfhg
e| rughulqj wkh foxvwhuv jhrjudsklfdoo| zlwklq d klhudufk| ri dgplqlvwudwlyh xqlwv lq
rughu wr lghqwli| wkhlu orfdwlrq zlwklq wkh glvwulfw dqg surylqfh +GKV dqg Pdfur
Lqwhuqdwlrqdo/ 4<<<= 4:<04;5,1 D frpsohwh olvw ri doo krxvhkrogv lq hdfk foxvwhu zdv
uhfrughg ehwzhhq Qryhpehu 4<<: dqg Iheuxdu| 4<<;1 Iurp wkh uhpdlqlqj 863 foxv0
whuv/ d v|vwhpdwlf vdpsoh zdv gudzq ri/ rq dyhudjh/ 55 krxvhkrogv lq xuedq foxvwhuv
dqg 4: krxvhkrogv lq uxudo foxvwhuv1 Wklv iruphg d wrwdo ri <798 krxvhkrogv1 Lq wkhvh
krxvhkrogv/ doo zrphq djh 4807< zhuh wdujhwhg iru lqwhuylhz1 Uhvsrqvh udwhv ydu0
lhg e| surylqfh iurp dssur{lpdwho| ;;( wr <<( +iru pruh ghwdlov vhh NGKV/ 4<<;
s14;3,1 Lq wkh gdwd xvhg lq wkh suhvhqw vwxg| krzhyhu zh frqvlghu lqglylgxdo0ohyho
gdwd rqo| iru wkh :;33 zrphq zkr glg uhvsrqg1

63Wkh vxuyh| frqwdlqv lqwhuylhz gdwd iru :;33 zrphq djhg 4807< dqg lqfoxghv erwk hyhu0pduulhg
dqg qhyhu0pduulhg zrphq1 Lw frqwdlqv zrphq iurp doo ri Nhq|d*v odujh hwkqlf jurxsv dqg fryhuv d

zlgh jhrjudsklfdo duhd/ rplwwlqj rqo| wkh duhdv ri h{wuhpho| orz srsxodwlrq ghqvlw| lq wkh Qruwk1
Jhrjudsklfdoo|1 Nhq|d lv glylghg lqwr : surylqfhv zklfk duh ixuwkhu vxeglylghg lqwr 7: glvwulfwv1
Wkh Nhq|d GKV fryhuhg 75 ri Nhq|d*v glvwulfwv> 68 zhuh vdpsohg/ : zhuh qrw1 4: glvwulfwv zhuh

ryhuvdpsohg1
64Rxu vwxg| h{foxghv wkh Pddvdl/ d sdvwrudo jurxs olylqj lq wkh Nhq|dq Uliw Ydooh|/ dqg rwkhu

wulehv vxfk dv wkh Jdood dqg Vrpdolv/ zkr olyh lq wkh qruwk0hdvw1
65Wklv w|sh ri foxvwhu0edvhg vdpsolqj lv jhqhudoo| edvhg rq wkh h{lvwhqfh ri d odujh qxpehu ri

foxvwhuv/ dqg wkdw zlwklq hdfk foxvwhu wkhuh duh d uhodwlyho| vpdoo qxpehu ri xqlwv 0 khuh revhuydwlrqv1
669 ri wkh foxvwhuv frxog qrw eh lqfoxghg lq wkh vxuyh| gxh wr lqdffhvvlelolw| +GKV dqg Pdfur

Lqwhuqdwlrqdo 4<<<= 4;3,1
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Lq dgglwlrq wr wkh jhrjudsklfdo vwudwl�fdwlrq ri gdwd e| foxvwhu dqg krxvhkrog/

lw lv dovr srvvleoh wr vwudwli| wkhvh gdwd e| hwkqlflw|1 Dv dovr glvfxvvhg lq vhfwlrq 5/

wkh pdmru Nhq|dq hwkqlf jurxsv +fryhulqj ;;( ri wkh srsxodwlrq, duh Nlnx|x/ Oxr/

Oxk|d/ Ndped/ Ndohqmlq/ Nlvll dqg Plmlnhqgd2Vzdklol1 Wkh Nlnx|x lv wkh odujhvw/

zlwk 4:1<( ri wkh srsxodwlrq/ zkloh Plmlnhqgd2Vzdklol lv wkh vpdoohvw/ zlwk 813(1

Wkh uhsuhvhqwdwlrq ri hdfk jurxs lq wkh vdpsoh lv vlplodu wr lwv uhsuhvhqwdwlrq lq wkh

zkroh srsxodwlrq1 Wdeoh 6 ghslfwv wkh wrwdo qxpehu ri fdvhv xqghu vwxg| jurxshg

dffruglqj wr uhjlrq dqg hwkqlflw|1 Wkh odujhvw qxpehu ri zrphq lqfoxghg lq wkh

vdpsoh olyh lq wkh Uliw Ydooh| uhjlrq/ zkloh wkh vpdoohvw qxpehu ri zrphq vdpsohg

olyh lq Qdlurel1 Wkh qdwxuh ri wkh vdpsoh lv wkhuhiruh sduwlfxoduo| xvhixo iru dqdo|vlqj

ehkdylrxu lq uxudo Nhq|d Orrnlqj dw wkh glvwulexwlrq e| hwkqlf jurxs/ wkh odujhvw

vdpsoh zdv gudzq iurp wkh Ndohqmlq jurxs/ zkloh wkh vpdoohvw zdv gudzq iurp wkh

Phux2Hpex jurxs671

Dffruglqj wr wkh GKV gdwd/ d uxudo zrpdq kdv rq dyhudjh derxw 815 fkloguhq

frpsduhg wr ihuwlolw| dprqj xuedq zrphq dw 614 fkloguhq1 1 Ihuwlolw| gl�huhqwldov

e| wkh ohyho ri hgxfdwlrq vkrz wkdw loolwhudwh zrphq ehdu rq dyhudjh 81; fkloguhq

frpsduhg wr 618 fkloguhq iru zrphq zlwk vhfrqgdu| vfkrro hgxfdwlrq +GKV 4<<;/ s1

{yll,1 Wr zkdw h{whqw grhv wkh vdpsoh uhyhdo ghprjudsklf gl�huhqfhv ehwzhhq hwkqlf

jurxsvB Iru zrphq djhg 7307</ wkh phdq FHE ydulhv iurp 81<4 iru Nlnx|x wr :189

iru Oxr1 Wkh gl�huhqfhv lq ihuwlolw| e| hwkqlf jurxs duh fohduo| yhu| odujh/ dqg duh

hylghqw zkhwkhu zh duh h{dplqlqj dfwxdo frpsohwhg ihuwlolw| +FHE,/ lghdo qxpehu

ri fkloguhq ghvluhg/ ru xqzdqwhg ihuwlolw|1 Wdeoh 8 vkrzv wkh phdq FHE jurxshg e|

uhjlrq dqg e| hwkqlflw| iru ydulrxv djh frkruwv lq wkh vdpsoh1 FHE ydulhv iurp d

orz ri 41: lq Qdlurel2Fhqwudo wr d kljk ri 616 lq Q|dq}d1 Wklv sdwwhuq lv dovr vhhq

e| uhjlrq iru gl�hulqj djh frkruwv1 Wkh Nlnx|x/ Ndohqmlq/ Oxk|d dqg wkh Oxr iroorz

vlplodu sdwwhuqv iru doo djh jurxsv1 Iru h{dpsoh/ FHE lv orz dprqj wkh Nlnx|x +lq

wkh Qdlurel uhjlrq,/ dqg kljk dprqjvw wkh Oxr +lq wkh Q|dq}d uhjlrq,1

Wkhuh duh wkuhh0txduwhuv ri zrphq dqg phq lq wkh vdpsoh hlwkhu zkr zdqw wr

olplw eluwkv ru wr vsdfh wkhp1Wdeoh � � vkrzv wkh vwdwhg lghdo qxpehu ri fkloguhq

ghvluhg e| zrphq lq wkh vdpsoh1 Wklv lv orzhvw lq Qdlurel2Fhqwudo frpsduhg wr

Q|dq}d/ zhvwhuq dqg frdvw uhjlrqv1 Lw ydulhv iurp d orz ri 51<8 wr d kljk ri 7169 lq

Frdvw1 Wklv sdwwhuq lv dovr vhhq e| uhjlrq iru gl�hulqj djh frkruwv/ h{fhsw iru wkh

Frdvw uhjlrq +glvfxvvhg ehorz,1 Doo hwkqlf jurxsv ghslfw uhodwlyho| vlplodu ehkdylrxu

h{fhsw iru Plml2Vzdklol +lq wkh Frdvw, zkr ghslfw yhu| kljk lghdo qxpehuv/ dqg wkh

Nlnx|x zkr duh yhu| orz1

Wdeoh � �ghslfwv xqzdqwhg ihuwlolw| lq wkh vdpsoh phdvxuhg dv wkh wrwdo qxpehu

ri FHE ohvv wkh lghdo qxpehu ri fkloguhq ghvluhg iru zrphq djhg 7307< |hduv zkr

kdyh odujho| frpsohwhg wkhlu ihuwlolw|1 Wklv lv orzhvw lq wkh Fhqwudo uhjlrq +0318, dqg

kljkhvw lq wkh Frdvw uhjlrq +041:,1 Lq doo uhjlrqv/ zrphq duh kdylqj juhdwhu qxpehuv

ri fkloguhq wkdq wkh| ghvluh/ h{fhsw dprqj zrphq lq wkh Frdvw uhjlrq zkhuh lw lv

wkh uhyhuvh1 Doo hwkqlf jurxsv duh kdylqj juhdwhu qxpehuv ri fkloguhq wkdq wkh|

ghvluh/ h{fhsw dprqj Plml2Vzdklol/ zkhuh lw lv wkh uhyhuvh1 Iru wkh djh jurxs 7307</

67 Lw lv lpsruwdqw wr xqghuvwdqg khuh wkdw lqglylgxdov gr qrw vhoi0vhohfw lqwr wkhvh jurxslqjv1 Wkh|

gr qrw vhoi0vhohfw dw wkh ohyho ri wkh krxvhkrog1 Dw wkh ohyho ri wkh foxvwhu wkhuh lv vhohfwlrq lqvridu dv
lqglylgxdov orfdwh lq d foxvwhu gxh wr wkhlu hwkqlflw|/ krzhyhu wklv lv h{rjhqrxv wr ihuwlolw| ehkdylrxu1
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xqzdqwhg ihuwlolw| ydulhv iurp 314 lq wkh Frdvw uhjlrq wr 517 lq wkh Hdvwhuq uhjlrq1

Wkh GKV gdwd vkrz wkdw nqrzohgjh ri idplo| sodqqlqj lq Nhq|d lv yhu| kljk=

<;( ri zrphq dqg <<( ri phq zhuh deoh wr qdph dw ohdvw rqh prghuq phwkrg

ri frqwudfhswlrq1 Wkhuh duh 6<( ri zrphq zkr xvh frqwudfhswlrq dqg wkh prvw

zlgho| xvhg phwkrgv duh frqwudfhswlyh lqmhfwdeohv/ wkh sloo/ ihpdoh vwhulolvdwlrq dqg

shulrglf devwlqhqfh1 Frqwudfhswlyh xvh grhv krzhyhu ydu| juhdwo| e| uhjlrq= zkloh

wkhuh duh 94( ri zrphq lq wkh Fhqwudo surylqfh zkr xvh frqwudfhswlrq/ rqo| 55( ri

zrphq lq wkh Frdvw surylqfh gr vr olnhzlvh1 Rqo| 56( ri zrphq zlwk qr hgxfdwlrq

xvh frqwudfhswlrq frpsduhg wr 8:( ri zrphq zlwk vhfrqgdu| hgxfdwlrq1 Erwk

jryhuqphqw dqg sulydwh phglfdo vrxufhv surylgh dffhvv wr frqwudfhswlyhv1

;14 Fkdqqhov ri Phvvdjh Wudqvplvvlrq= Jurxs dqg Yduldeoh Vhohf0
wlrq

Lq oljkw ri wkh fkdudfwhulvwlfv ri wkh hwkqlf jurxsv/ zh srvwxodwh wkdw vrfldo lqwhudf0

wlrqv rffxu dw pxowlsoh ohyhov 0 dw wkh ohyho ri wkh foxvwhu/ wkh krxvhkrog dqg dfurvv

hwkqlflw|1 Wkh nh| fkdqqhov ri phvvdjh wudqvplvvlrq dw wkh foxvwhu0ohyho zrxog eh

wkrvh rffdvlrqhg e| ohduqlqj h�hfwv dw wkh foxvwhu0ohyho/ zklfk/ jlyhq wkh gl�huhqwldo

sdwwhuq ri foxvwhulqj e| h{whqghg idplolhv/ lv olnho| wr gl�hu dfurvv hwkqlf jurxsv Iru

h{dpsoh/ wkh fxuuhqw ohyho ri FHE pd| eh lq xhqfhg e| klvwru| ru sdvw ihuwlolw| eh0

kdylrxu1 Fxuuhqw FHE pd| dovr eh lq xhqfhg e| h{shfwdwlrqv derxw FHE1 Wkh duhd

ri uhvlghqfh � h1j1 wkh ulgjh pd| eh d srvvleoh lq xhqfh1 Wkh gl�xvlrq ri frqwudfhs0

wlyh whfkqrorj| zklfk wkrxjk xqlirup dfurvv wkh foxvwhu/ pd| eh dqrwkhu srvvleoh

lq xhqfh1 Lq wklv fdvh/ dffhvv wr wkh phgld +iru h{dpsoh udglr phvvdjhv derxw orzhu

ihuwlolw| rq wkh Yrlfh ri Nhq|d, uhsuhvhqwv dq dgglwlrqdo srwhqwldo lq xhqfh FHE1

Krzhyhu/ ihuwlolw| dw wklv ohyho lv dovr ghshqghqw xsrq dffhvv wr hohfwulflw| dqg zdwhu

rq wkh dvvxpswlrq wkdw li wkh| duh edgo| surylghg/ FHE zloo eh juhdwhu jlyhq wkh

h{lvwhqfh ri d gluhfw ihuwlolw| prwlyh iru fkloguhq wr khos zlwk wkhvh zdwhu dqg ixho

froohfwlrq wdvnv1

Dw wkh krxvhkrog0ohyho/ wkh fkdqqhov ri phvvdjh wudqvplvvlrq duh glyhuvh1 Krxvh0

krog vwuxfwxuh lv uhohydqw= ryhu 63( ri krxvhkrogv lq wkh vdpsoh zhuh wkrvh lq zklfk

wkhuh zdv pruh wkdq rqh zlih1 Sro|j|q| fdq kdyh wzr h�hfwv rq ihuwlolw| zklfk

pd| zrun lq rssrvlwh gluhfwlrqv= �uvw/ lw pljkw udlvh FHE gxh wr wkh juhdwhu khos

d�rughg zlwk fklog0fduh1 Dowhuqdwlyho|/ lw pd| uhgxfh ihuwlolw| dv lqirupdwlrq derxw

frqwudfhswlrq pd| eh pruh glvfxvvhg dprqj fr0uhvlghqwv lq wkh krxvhkrog1 Erwk

djh0judglqj dqg klhudufk| zrxog whqg wr pdnh krxvhkrogv pruh sdwulolqhdo zlwk wkh

frqvhtxhqfhv iru orzhu ihpdoh dxwrqrp| lpso|lqj juhdwhu FHE1 Li idplo| sodqqlqj

zdv glvfxvvhg zlwk qhljkerxu dqg iulhqgv/ wkh lq xhqfh rq ihuwlolw| zloo eh juhdw/

dqg riwhq pruh lpsruwdqw wkdq wkh lq xhqfh ri wkh lpphgldwh idplo|1 Wkh h{whqghg

idplo| pd| dovr lq xhqfh FHE e| khoslqj zlwk fklog0fduh1 Krzhyhu/ lw lv lpsruwdqw

wkdw wklv vhw ri srwhqwldo lqwhudfwlrqv qhhg wr eh frxqwhqdqfhg e| rwkhu krxvhkrog0

ohyho dwwulexwhv iru h{dpsoh/ urrpv iru vohhslqj/ urri txdolw| dqg  rru txdolw| zklfk

fdq eh xvhg dv lqglfdwruv ri lqfrph/ wkh suhvhqfh ri frqvxphu gxudeohv vxfk dv df0

fhvv wr udglr/ WY/ whohskrqh/ dqg elf|foh zklfk kdyh lpsolfdwlrqv iru erwk lqfrph/

iru zdwhu froohfwlrq wlphv/ dqg iru phgld dffhvv1

Lq mxvwli|lqj wkh vhohfwlrq ri wkh ]LQE dv d prgho ri ihuwlolw| ehkdylrxu zh qrz
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frqvlghu wkh vhohfwlrq ri wkh ydulrxv jurxsv dv wkh phfkdqlvp iru phgldwlqj pxowlsoh

vrfldo lqwhudfwlrqv/ dqg iru hdfk jurxs/ wkh vshfl�f irup ri wkh hqgrjhqrxv dqg

h{rjhqrxv h�hfwv681 Wkh jurxs h�hfwv lqfoxghg lq wkh prgho duh dwwulexwhg wr wkh

krxvhkrog/ wr wkh hwkqlf jurxs/ dqg wr wkh yloodjh foxvwhu1

Lqglylgxdo0ohyho H�hfwv

Wkh fkrlfh ri yduldeohv wr frqwuro iru lqglylgxdo ohyho h�hfwv lv lq nhhslqj zlwk d

orqj olqhdjh ri hfrqrplf prghov ri ihuwlolw| ghflvlrqv1 Wkhvh yduldeohv duh djh ri wkh

zrpdq phdvxuhg lq |hduv dqg dq djh0vtxduhg yduldeoh dffrxqwlqj wkh qrq0olqhdulw|

dvvrfldwhg zlwk djh0uhodwhg yduldeohv1 Wklv frqwurov iru roghu zrphq kdylqj/ rq

dyhudjh/ pruh fkloguhq wkdq |rxqjhu rqhv1 Wkh hgxfdwlrq ri wkh zrpdq lv lqfoxghg

dqg phdvxuhg dv wkh kljkhvw ohyho ri hgxfdwlrq dwwdlqhg/ vhsdudwlqj rxw sulpdu|/

vhfrqgdu|/ dqg kljkhu hgxfdwlrq h�hfwv1 Wkh lq xhqfh ri wkh phgld zdv phdvxuhg

dv zkhwkhu wkh zrpdq olvwhqhg wr wkh udglr dw ohdvw rqfh d zhhn1 Wklv yduldeoh zdv

lqfoxghg rq wkh dvvxpswlrq wkdw juhdwhu lqirupdwlrq derxw frqwudfhswlyh whfkqrorj|

zrxog eh dydlodeoh wr wkh zrpdq li vkh olvwhqhg wr wkh udglr/ dv phvvdjhv derxw

wklv duh urxwlqho| eurdgfdvw rq wkh qdwlrqdo udglr fkdqqho/ wkh *Yrlfh ri Nhq|d*

lq Hqjolvk/ Vzdklol dqg wkh yhuqdfxoduv1 D elqdu| yduldeoh uhfrughg krz orqj wkh

zrpdq kdg olyhg lq wkh frppxqlw|1 Li vkh kdg olyhg lq wkh vdph frppxqlw| vlqfh

4<<6 wkhq wklv yduldeoh wrrn wkh ydoxh 3> li vkh kdg uhfrughg lq wkh lqwhulp shulrg

dqg kdg wkhuhiruh olyhg lq dw ohdvw wzr frppxqlwlhv/ wkhq wklv yduldeoh wrrn wkh ydoxh

41 Wklv yduldeoh zdv lqfoxghg rq wkh dvvxpswlrq wkdw li d zrpdq kdv uhvlghg lq wkh

frppxqlw| iru d orqjhu shulrg/ wkhq vkh zdv pruh olnho| wr kdyh iruphg vwurqjhu

qhwzrunv lq wkh foxvwhu/ zklfk lq wxuq pd| lq xhqfh khu ihuwlolw| ehkdylrxu1

Krxvhkrog0ohyho H�hfwv= phdq h�hfwv

D qxpehu ri phdq0ohyho h�hfwv zhuh fuhdwhg dw wkh ohyho ri wkh krxvhkrog1 Rqh

phdvxuh ri lqwhudfwlrq lv d phdvxuh ri sro|j|q|= wkhuh zhuh 63( ri krxvhkrogv zkr

kdg pruh wkdq rqh zlih olylqj lq wkh krxvhkrog1 Lw lv h{shfwhg wkdw krxvhkrogv zklfk

kdg pruh wkdq rqh zlih zrxog kdyh orzhu ihuwlolw| gxh wr khos surylghg zlwk fklog0

fduh1 Lq dgglwlrq d phdq ohyho yduldeoh phdvxuhg zkhwkhu ru qrw idplo| sodqqlqj

kdg ehhq glvfxvvhg zlwk iulhqgv dqg qhljkerxuv1 Wklv irup ri lqwhudfwlrq lv lpsru0

wdqw/ iru h{dpsoh/ li d zrpdq zdv olnho| wr glvfxvv idplo| sodqqlqj zlwk iulhqgv dqg

qhljkerxuv/ khuh ghflvlrq0pdnlqj lv pruh olnho| wr eh lq xhqfhg e| wkhp1 Iru h{dp0

soh/ rwkhu ghprjudsklf vwxglhv ri srru vrflhwlhv kdyh irxqg wkdw wklv uroh sod|hg e|

iulhqgv dqg qhljkerxuv lv lpsruwdqw iru hlwkhu orzhulqj ru udlvlqj ihuwlolw| +vhh/ iru

h{dpsoh/ L|hu +5335,,1 Wkh qxpehu ri xvxdo uhvlghqwv lq wkh krxvhkrog/ zkhuh xvxdo

uhvlghqwv h{foxghv wkh qxpehu ri fkloguhq0hyhu0eruq wr zrphq/ zdv dovr lqfoxghg dv

d phdq h�hfw1 Wkh udwlrqdoh iru wkh lqfoxvlrq ri wklv yduldwh lv wkdw li rwkhu krxvhkrog

phpehuv khos zlwk fklog fduh/ wkhq wklv frqvlghudeo| dowhuv wkh ehqh�wv dqg frvwv ri

fklog ehdulqj wr sduhqwv1 Zkhuh nlq khos zlwk fduh/ ru lqghhg dv zlwk rwkhu Diulfdq

vrflhwlhv zkhuh *irvwhudjh* lv frpprq/ rwkhu uhvlghqwv kdyh dq lpsruwdqw ehdulqj

rq d zrpdq*v wrwdo ihuwlolw|1 Krxvhkrog0ohyho h�hfwv iru wkh wkuhh ohyhov ri kljkhvw

hgxfdwlrq dwwdlqhg 0 sulpdu|/ vhfrqgdu| dqg kljkhu hgxfdwlrq 0 zhuh dovr lqfoxghg

lq wkh prgho1

68Qrwh= wkhuh duh hpslulfdo uhdvrqv zk| zh pljkw zdqw wr volfh wkh gdwd e| uhjlrq1 Lw lv pdlqo| gxh

wr jryhuqphqw srolf| lq Nhq|d zklfk kdv wdujhwhg pduulhg zrphq ri uhsurgxfwlyh djh lq uhjlrqv1
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Krxvhkrog0ohyho H�hfwv= Frqwurov

D qxpehu ri krxvhkrog ohyho yduldeohv zhuh lqfoxghg wr frqwuro iru lqfrph dqg

rwkhu fkdudfwhulvwlfv1 Rqh qrwdeoh sureohp khuh xv wkdw lq wkh GKV qr gluhfw txhv0

wlrqv rq lqfrph zhuh dvnhg ri vxuyh| uhvsrqghqwv1 Xwlolvlqj d qxpehu ri txhvwlrqv

dvnhg derxw krxvhkrog txdolw|/ dffhvv wr lqiudvwuxfwxuh/ dqg wkh rzqhuvkls ri frq0

vxphu gxudeohv/ lw zdv srvvleoh wr frqvwuxfw d qxpehu ri lqglfdwruv zklfk frqwuro

iru wkh hfrqrplf vwdwxv ri krxvhkrogv1 Iluvw/ wkh txdolw| ri erwk wkh  rrulqj ri wkh

krph dqg wkh txdolw| ri wkh urri zhuh xvhg lq wkh prgho1 Wkh txdolw| ri urri frq0

vwuxfwlrq zdv phdvxuhg rq wkh iroorzlqj +lqfuhdvlqj txdolw|, vfdoh= lurq +pdedwl,/

wlohv/ judvv ru wkdwfk/ dqg rwkhu pdwhuldo1 Wkh txdolw| ri wkh  rru zdv phdvxuhg

xvlqj +ghfuhdvlqj txdolw|, vfdoh= pxg/ gxqj ru vdqg/ zrrg sodqnv/ wlohv ru srolvkhg

zrrg/ dqg fhphqw1 Rwkhu lqglfdwruv ri wkh txdolw| ri krxvlqj lqiudvwuxfwxuh zhuh

zkhwkhu ru qrw lw kdg d wrlohw/ dqg wkh qxpehu ri urrpv iru vohhslqj1

Wkh vwdwxv ri wkh krxvhkrog pd| dovr eh sur{lhg e| rzqhuvkls ri frqvxphu

gxudeohv1 Vxfk lwhpv surylgh d uhodwlyho| jrrg phdvxuh ri lqfrph jlyhq wkdw wkh

sxufkdvh ri frqvxphu gxudeohv lv qrw vxemhfw wr vkruw0uxq yduldelolw|/ dqg dv vxfk lv

pruh uhsuhvhqwdwlyh ri wkh orqjhu0whup vwdwxv ri wkh krxvhkrog1 Wkh yduldeohv wkdw

zhuh xvhg duh zkhwkhu ru qrw wkh krxvhkrog rzqv d udglr/ d whohylvlrq/ d whohskrqh/

dqg d elf|foh1 Qrwh krzhyhu/ wkdw rzqhuvkls ri d udglr dqg d whohylvlrq frxog dovr

eh vhhq dv lqglfdwlyh ri wkh krxvhkrog*v dffhvv wr wkh pdvv phgld1 Rzqhuvkls ri d

elf|foh lv lpsruwdqw iru dffhvv wr ixho dqg zdwhu169

Foxvwhu0ohyho phdq h�hfwv

Lq rughu wr fdswxuh vrfldo lqwhudfwlrqv dw wkh ohyho ri wkh foxvwhu/ d qxpehu ri phdq

foxvwhu yduldeohv zhuh fuhdwhg1 Wkhvh yduldeohv uhsuhvhqw hqgrjhqrxv dqg h{rjhqrxv

h�hfwv/ dv zhoo dv frqwurov iru wkh dwwulexwhv ri wkh foxvwhu1 Phdq fkloguhq hyhu eruq

e| foxvwhu zdv lqfoxghg dv d phdvxuh ri hqgrjhqrxv h�hfwv/ dqg zdv dovr lqwhudfwhg

zlwk dq hwkqlf gxpp| wr doorz iru lqwhudfwlrqv wr gl�hu dfurvv hwkqlf jurxsv1 D

qxpehu ri phdvxuhv zhuh dovr fuhdwhg wr fdswxuh h{rjhqrxv h�hfwv1 Phdq0ohyho

foxvwhu h�hfwv iru hgxfdwlrq phdvxuhg xs wr wkh kljkhvw ohyho ri hgxfdwlrq dwwdlqhg

+sulpdu|/ vhfrqgdu| dqg kljkhu, zhuh frqvwuxfwhg1 Iru wkh qxpehu ri xvxdo uhvlghqwv

phdq0ohyho foxvwhu h�hfwv iru zkhwkhu ru qrw idplo| sodqqlqj zdv glvfxvvhg zlwk

rwkhuv vxfk dv qhljkerxuv dqg iulhqgv zdv lqfoxghg lq wkh prgho1

Foxvwhu0ohyho phdq dwwulexwhv

Wkh frqvwuxfwlrq ri phdvxuhv ri foxvwhu dwwulexwhv/ dv rssrvhg wr fkdudfwhulvwlfv

ri foxvwhu phpehuv lv fulwlfdo li zh duh wr uhgxfh wkh olnhoolkrrg ri vsxulrxv lqihuhqfh1

+Jlyh h{dpsoh khuh 0 vhh Jlqwkhu,1 Iru h{dpsoh/ edvhg xsrq wkh zrun ri Gdvjxswd

+4<<6,/ ehwwhu dffhvv wr zdwhu dqg ixho uhgxfhv wkh ghpdqg iru fklog oderxu wr froohfw

wkhp/ dqg wkdw wklv lv wxuq uhgxfhv wkh ghpdqg iru fkloguhq/ dqg khqfh wkh ihuwlolw|

udwh +L|hu +5335,> Djjduzdod/ Qhwdq|dkx/ dqg Urpdqr +5334,,1 Lq Nhq|d lq 4<:6/

rqo| 48( ri wkh srsxodwlrq lq uxudo duhdv zdv vhuyhg e| slshg zdwhu srlqwv vr wkhuh

zdv frqvlghudeoh wlph vshqw e| idplolhv wudqvsruwlqj gulqnlqj zdwhu1 Pruhryhu/ dq|

gulqnlqjz zdwhu froohfwhg iurp ulyhuv ru srqgv zdv dovr xqwuhdwhg1 Dowkrxjk wklv

vlwxdwlrq kdv fkdqjhg frqvlghudeo| lq uhfhqw ghfdghv zlwk wkh surprwlrq ri vhoi0

69Iru h{dpsoh/ rwkhu ghprjudsklf vwxglhv kdyh irxqg wkdw rqzhuvkls ri d elf|foh frqvlghudeo|
uhgxfhv wkh wlph vshqw froohfwlqj zdwhu iru d krxvhkrogv* gdlo| uhtxluhphqwv +L|hu 5335,1
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khos jurxsv lq uxudo duhdv wr surylgh dffhvv wr srwdeoh zdwhu/ lq rughu wr wdnh wkh

h�hfw ri vxfk edvlf lqiudvwuxfwxuh dffhvv lqwr dffrxqw/ phdq0ohyho foxvwhu h�hfwv zhuh

fuhdwhg iru dffhvv wr ixho dqg zdwhu1 Dffhvv wr ixho dw wkh foxvwhu ohyho zdv phdvxuhg

e| d phdq0ohyho h�hfw iru dffhvv wr hohfwulflw|1 Dffhvv wr zdwhu lqiudvwuxfwxuh dw

wkh foxvwhu0ohyho zdv phdvxuhg e| wkuhh yduldeohv= +l, zkhwkhu dffhvv wr zdwhu zdv

orfdwhg lq wkh uhvlghqfh +hlwkhu slshg lqwr wkh uhvlghqfh ru d zhoo zdv orfdwhg lq

wkh uhvlghqfh,> +ll, zkhwkhu dffhvv wr zdwhu zdv rewdlqhg iurp d sxeolfo|0surylghg

vrxufh/ hlwkhu d sxeolf wds ru d sxeolf zhoo> +lll, zkhwkhu zdwhu zdv rewdlqhg e|

froohfwlqj lw iurp d ulyhu/ vwuhdp/ srqg ru odnh> dqg +ly, zkhwkhu udlqzdwhu zdv

uholhg xsrq dv wkh fklhi vrxufh ri zdwhu1 Dqrwkhu foxvwhu0ohyho dwwulexwh lqfoxghg

zdv zkhwkhu ru qrw d udglr zdv olvwhqhg wr dw ohdvw rqfh d zhhn1

< Uhvxowv6:

Wkh uhvxowv ri wkh }hur0lq dwhg qhjdwlyh elqrpldo prgho duh vkrzq lq Wdeoh 431 Wkh

ghshqghqw yduldeoh lq wkh prgho lv wkdw wrwdo qxpehu ri fkloguhq hyhu eruq +FHE,1

Zh qrwh wkdw dowkrxjk wkh prgho frqwdlqv d odujh qxpehu ri yduldeohv edvhg xsrq

foxvwhu djjuhjdwhv/ vwdqgdug huuruv duh fdofxodwhg xvlqj wkh Kxehu +4<9:, phwkrg wr

dgmxvw iru dq| uhvlgxdo lqwud0foxvwhu fruuhodwlrq1

Surylqfh0ohyho yduldeohv

Doo vl{ ri wkh surylqfh ohyho yduldeohv zhuh vljql�fdqw dw wkh 8( ohyho/ dqg h{huwhg

d qhjdwlyh h�hfw rq FHE/ uhodwlyh wr wkh edvh fdwhjru|/ wkh *zhvwhuq* surylqfh1 Wkh

frh!flhqwv udqjhg lq ydoxh iurp 3138 lq wkh Uliw Ydooh| wr 3147 lq Qdlurel1 Wklv

vxjjhvwv wkdw wkh eurdg uhjlrq lq zklfk shrsoh olyh vhhpv wr pdwwhu iru ihuwlolw|1 Exw

jlyhq wkdw wkh vl}h ri wkh surylqfh lv yhu| odujh/ lw lv gl!fxow wr gudz lqwhusuhwdwlyh

frqfoxvlrqv iurp wkhvh yduldeohv1

Foxvwhu0ohyho phdq h�hfwv

Dv glvfxvvhg lq vhfwlrq :14/ wkh foxvwhu�ohyho yduldeohv duh glylghg lqwr foxvwhu0

ohyho vrfldo lqwhudfwlrq whupv/ dqg yduldeohv phdvxulqj wkh h�hfw ri foxvwhu0ohyho

dwwulexwhv1 Zh �uvw frqvlghu wkh h�hfwv ri wkh foxvwhu0ohyho vrfldo lqwhudfwlrq whupv1

Wkh hqgrjhqrxv h�hfwv iru hdfk ri wkh hwkqlf jurxsv/ dv phdvxuhg e| wkh gl�huhqfh

ehwzhhq phdq FHE iru d sduwlfxodu hwkqlflw| dqg lqglylgxdo FHE6; duh doo lqvljqli0

lfdqw1 Wkh phdq jurxs hgxfdwlrqdo ohyho h�hfw dwwdlqhg e| hdfk hwkqlf jurxs zdv

vljql�fdqw iru d qxpehu ri hwkqlf jurxsv1 Iru h{dpsoh/ dw wkh 43( ohyho/ wkh phdq

hgxfdwlrq h�hfwv zhuh lpsruwdqw iru wkh Ndohqmlq dqg wkh Ndped1 Iru Nhq|d dv

d zkroh/ wkh Ndohqmlq kdyh/ rq dyhudjh orzhu udwhv ri vfkrrolqj dwwdlqphqw/ hyhq

wkrxjk wkh dyhudjh udwhv ri hgxfdwlrq dprqj wkhp lq wkh vdpsoh duh vlplodu wr

rwkhu jurxsv vxfk dv wkh Ndped1 \hw wkhvh ohyhov duh vwloo ehorz wkh Nlnx|x/ iru

h{dpsoh1 Wklv pljkw vxjjhvw wkdw jurxsv zklfk kdyh orzhu ohyhov ri hgxfdwlrq/ rq

dyhudjh/ duh dovr pruh olnho| wr eh lq xhqfhg e| vrfldo lqwhudfwlrqv ghulyhg iurp wkh

6:Qrwh wkdw dfwxdo uhsruwhg frh!flhqwv lq Wdeoh 43/ qrw ehlqj pdujlqdo h�hfwv/ fdqqrw eh xvhg

wr uhsruw wkh dfwxdo h�hfw rq wkh qxpehu ri fkloguhq hyhu eruq1 Vxfk hvwlpdwhv zloo eh surylghg lq

wkh qh{w uhylvlrq/ dqg zloo uhsodfh wkh -1
6;Wklv lv frqvlvwhqw zlwk dq xqghuo|lqj uhsuhvhqwdwlrq ri wkh vrfldo xwlolw| ixqfwlrq dv frqiruplvw1

Vhh Ehuqkhlp +4<<7,1
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ehwwhu0hgxfdwhg phpehuv ri wkhlu hwkqlf jurxsv1

Foxvwhu0ohyho dwwulexwhv

D qxpehu ri foxvwhu0ohyho dwwulexwhv zhuh yhu| vljql�fdqw1 Iru h{dpsoh/ li wkh

foxvwhu kdg dffhvv wr wkh pdvv phgld/ phdvxuhg e| phdq dffhvv wr udglrv/ wkhq

wklv h{huwhg d qhjdwlyh h�hfw rq ihuwlolw|= wkh olnholkrrg ri kdylqj dq h{wud fklog

zdv uhgxfhg e| derxw - fkloguhq1 Lq dgglwlrq hohfwulflw| dffhvv lq wkh foxvwhu kdg d

qhjdwlyh lpsdfw rq ihuwlolw|1 Lqiudvwuxfwxuh yduldeohv/zlwk uhvshfw wr zdwhu uhvrxufhv/

zhuh dovr yhu| vljql�fdqw1 Uhodwlyh wr ghshqglqj rq udlqzdwhu/ li wkh foxvwhu kdg

dffhvv wr d ulyhu/ srqg ru vwuhdp ihuwlolw| zdv orzhu/ rq dyhudjh/ e| - fklog1 Li wkh

foxvwhu kdg dffhvv wr slshg zdwhu/ wklv uhgxfhg ihuwlolw| e| rq dyhudjh - fklog> dqg

li wkh foxvwhu kdg dffhvv wr zdwhu iurp d sxeolf vrxufh vxfk dv d sxeolf zhoo/ wkhq

wklv dovr uhgxfhg ihuwlolw| e| derxw - fkloguhq6<1 Wkhvh �qglqjv rq ixho dqg zdwhu

lqiudvwuxfwxuh duh h{wuhpho| vljql�fdqw lq wkdw wkh| vxjjhvw wkdw ehwwhu dffhvv wr

ixho dqg zdwhu lqiudvwuxfwxuh dw wkh ohyho ri wkh foxvwhu duh lpsruwdqw iru ihuwlolw|

uhgxfwlrq lq wklv vrflhw|1

Krxvhkrog0ohyho phdq h�hfwv

Dw wkh ohyho ri wkh krxvhkrog d qxpehu ri vrfldo lqwhudfwlrq h�hfwv zhuh vljqli0

lfdqw1 Wkh vl}h ri wkh h{whqghg idplo| h{whuwhg d qhjdwlyh lq xhqfh rq ihuwlolw|1

Wklv h�hfw lv lqfrqvlvwhqw zlwk h{shfwdwlrqv wkdw wkh h{whqghg idplo| zrxog h{huw

d srvlwlyh lpsdfw rq dffrxqw ri wkh khos wkdw wkh| dovr d�rug zlwk fklog fduh1 Lq

wkh vdpsoh wkhuh zhuh qhduo| 63( ri krxvhkrogv lq zklfk wkhuh zdv pruh wkdq rqh

zlih uhvlghqw1 Krxvhkrogv zklfk kdg pruh wkdq rqh zlih uhvlghqw zhuh olnho| wr h{0

shulhqfh orzhu ihuwlolw|1 Dw �uvw jodqfh/ wklv �qglqj pljkw eh vxusulvlqj jlyhq wkdw

zh zrxog h{shfw wkdw krxvhkrogv lq zklfk sro|j|q| zdv sudfwlfhg duh olnho| wr eh

krxvhkrogv lq zklfk wkhuh lv dgglwlrqdo khos zlwk fklog0fduh1 Exw lw frxog htxdoo| eh

wkh fdvh wkdw wkhvh duh dovr krxvhkrogv lq zklfk idplo| sodqqlqj lv ehwwhu glvfxvvhg/

ru lq zklfk vhfrqg pduuldjhv zhuh xqghuwdnhq e| phq gxh wr wkh odfn ri surjhq|

iurp wkh �uvw pduuldjh1 Dowkrxjk zh kdyh qr zd| ri whvwlqj zklfk ri wkhvh h{sodqd0

wlrqv dffrxqw iru wklv �qglqj/ wklv sduwlfxodu �qglqj lv qrw lqfrqvlvwhqw zlwk rwkhu

vwxglhv ri sro|j|q| dqg ihuwlolw| zklfk kdyh vkrzq wkdw sro|j|qrxv pduuldjhv duh

qrw dozd|v pruh ihuwloh wkdq prqrjdprxv rqhv +Rehuph|hu +4<<5,,1

Glvfxvvlrq ri idplo| sodqqlqj zlwk iulhqgv dqg qhljkerxuv ghfuhdvhg ihuwlolw|

dprqj wkh Nhq|dq zrphq lq wkh vdpsoh/ rq dyhudjh e| derxw - fkloguhq1 Wklv

�qglqj lv frqvlvwhqw zlwk pruh uhfhqw hylghqfh lq wkh ghprjudsklf olwhudwxuh rq

rwkhu vrflhwlhv vxfk dv Lqgld/ zklfk vxjjhvwv wkdw wkh uroh ri rwkhuv fruhvlghqw lq wkh

krxvhkrog pljkw kdyh surirxqg frqvhtxhqfhv iru ghprjudsklf ehkdylrxu> dqg wkdw

zrphq lq ghyhorslqj vrflhwlhv pd| dfwlyho| glvfxvv frqwudfhswlrq/ wkhuhe| hqfrxu0

djlqj rwkhuv wr xvh lw dqg orzhu ihuwlolw| +L|hu +5335,,1

Krxvhkrog0ohyho dwwulexwhv

Krxvhkrog0ohyho vrfldo h�hfwv qhhg wr eh phgldwhg e| wkh h�hfw ri wkh krxvhkrog0

ohyho dwwulexwhv1 Dv glvfxvvhg lq vhfwlrq :14/ d qxpehu ri krxvhkrog0ohyho dwwulexwhv

duh xvhg dv frqwurov1 Lq jhqhudo zh zrxog h{shfw wkdw lqfrph zrxog eh qhjdwlyho|

fruuhodwhg zlwk ihuwlolw|/ dqg wklv k|srwkhvlv zdv eruqh rxw e| lqfrph lqglfdwruv xvhg

lq wkh prgho1 Iru h{dpsoh/ li wkh zrpdq ehorqjhg wr d krxvhkrog zklfk kdg dq lurq

6<Uhodwlyh wr foxvwhuv lq zklfk udlqzdwhu zdv uholhg xsrq wr surylgh edvlf zdwhu qhhgv1
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urri ru d wlohg urri +uhodwlyh wr wkh edvh ri vwudz ru wkdwfk,/ wkhq wkh zrpdq kdg/

rq dyhudjh/ orzhu ihuwlolw|1 Wklv �qglqj lv xqvxusulvlqj dv urr�qj txdolw| lv d vwurqj

lqglfdwru ri lqfrph lq d uxudo krxvhkrog1 Qrqh ri wkh  rru txdolw| yduldeohv zhuh/

krzhyhu/ vljql�fdqw1 Dffhvv wr d wrlohw idflolw|/ dqrwkhu lqglfdwru ri lqfrph/ zdv dovr

vljql�fdqw1 Wzr yduldeohv lqfoxghg lq wkh prgho zklfk frxog eh frqvwuxhg erwk dv

lqfrph lqglfdwruv dqg dv frqwurov iru phgld dffhvv= udglr dqg whohylvlrq rzqhuvkls1

Dv h{shfwhg/ udglr rzqhuvkls h{huwhg d qhjdwlyh lpsdfw rq ihuwlolw|/ vxjjhvwlqj wkdw

phvvdjhv wudqvplwwhg e| wkh Yrlfh ri Nhq|d zhuh h�hfwlyh/ dowkrxjk wklv yduldeoh zdv

rqo| vljql�fdqw dw wkh 43( ohyho1 Rzqhuvkls ri d whohskrqh lqfuhdvhg ihuwlolw| dqg

wklv vhhpv xqxvxdo1 Dqrwkhu lqfrph lqglfdwru 0 urrpv iru vohhslqj 0 dovr ghslfwhg

qhjdwlyh h�hfwv rq ihuwlolw|/ dv pljkw eh h{shfwhg1

Lqglylgxdo0ohyho h�hfwv

Wkh djh ri wkh zrpdq ghslfwhg wkh h{shfwhg uhodwlrqvkls zlwk ihuwlolw|= roghu

zrphq/ rq dyhudjh/ kdyh kljkhu ihuwlolw| wkdq |rxqjhu zrphq1 Sulpdu| hgxfdwlrq

h{huwhg d srvlwlyh h�hfw rq ihuwlolw| frqvlvwhqw zlwk rwkhu vwxglhv wkdw d ihz |hduv ri

hgxfdwlrq phuho| zhdnhqv h{lvwlqj wderrv +vxfk dv qrw sudfwlvlqj devwlqhqfh xsrq

dwwdlqlqj judqgprwkhu vwdwxv,/ dqg wkdw wklv dffrxqwv iru dq lqlwldo lqfuhdvh ihuwlolw|1

Qxphurxv ghprjudsklf vwxglhv rq wklv lvvxh/ dujxh wkdw lw lv rqo| vhfrqgdu| dqg

kljkhu hgxfdwlrq wkdw uhgxfhv ihuwlolw|1 Krzhyhu dw wkh lqglylgxdo ohyho/ wkh rwkhu

hgxfdwlrq yduldeohv zhuh qrw vljql�fdqw/ suredeo| rq dffrxqw ri wkh idfw wkdw wkh

h�hfw ri hgxfdwlrq lv fdswxuhg lq wkh vrfldo lqwhudfwlrq whupv dw wkh foxvwhu ohyho1 Wkh

vrfldo lqwhudfwlrq whupv iru fkloguhq hyhu eruq e| hwkqlf jurxs/ djdlq phdvxuhg edvhg

xsrq dq xqghuo|lqj frqiruplvw vrfldo xwlolw| ixqfwlrq zdv kljko| vljql�fdqw iru doo

wkh hwkqlf jurxsv1 Rqh sduwlfxoduo| vwulnlqj uhvxow lv wkh revhuydwlrq wkdw dowkrxjk

iru doo hwkqlf jurxsv zlwk wkh h{fhswlrq ri wkh Nlnl|x/ wkh hvwlpdwhg hqgrjhqrxv

h�hfwv zhuh lq wkh udqjh 314;903155</ iru wkh Nlnl|x/ wklv h�hfw zdv frqvlghudeo|

juhdwhu +31647,1 Lq h{dplqlqj Wdeoh 5 zh qrwh wkdw lq uhodwlyh whupv wkh Nlnl|x

kdyh d kljko| hyroyhg vhqvh ri hwkqlf lghqwlw|/ dqg wkdw iru wklv jurxs/ krxvhkrogv

duh jhqhudoo| frpsulvhg ri jurxsv ri lqglylgxdov zklfk duh uhodwhg e| eorrg dqg

pduuldjh +wkh pedul,1 Dv d uhvxow rqh pljkw h{shfw d juhdwhu whqghqf| iru ihuwlolw|

ghflvlrqv wr uh hfw hwkqlf jurxs qrupv1

Diwhu h{wudfwlqj wkdw frpsrqhqw ri yduldwlrq lq FHE gxh wr wkh h�hfw ri phdq

hwkqlf jurxs ihuwlolw| ehkdylrxu/ dq hwkqlf jurxs gxpp| yduldeoh zdv lqfoxghg wr

fdswxuh d frpsrvlwh ri xqrevhuyhg hwkqlf dwwulexwhv= dq hwkqlflw| h�hfw/ uhodwlyh wr

wkh Oxr 0 wkh edvh fdwhjru| 0 zdv vljql�fdqw iru prvw jurxsv1 Wkh rqo| h{fhswlrq zdv

wkh Phux2Hpex jurxs zklfk vkrzhg d srvlwlyh h�hfw rq ihuwlolw|1 Rqh h{sodqdwlrq

iru wklv h�hfw ri ehlqj Phux2Hpex lv wkdw wklv jurxs olyh lq wkh Qruwk dqg Hdvw

ri Nhq|d/ dqg / ghslfw pruh wudglwlrqdo qrupv derxw pduuldjh dqg ihuwlolw|1 Iru doo

rwkhu jurxsv krzhyhu/ wkh h�hfw ri hwkqlflw| zdv wr orzhu FHE1 D gxpp| yduldeoh

wkdw frqwuroohg iru xuedq dqg uxudo uhvlghqfh vkrzhg wkdw FHE zdv orzhu/ rq dyhudjh/

li wkh zrpdq olyhg lq dq xuedq duhd1

Wkh lq dwlrq vxe0prgho +xvhg wr hvwlpdwh wkh suredelolw| wkdw d zrpdq kdv

}hur fkloguhq gxh wr ehlqj lqihuwloh,/ zdv hvwlpdwhg xvlqj wzr suhglfwruv1 Iluvw/

zh xvhg d fxw0r� djh ri wkluw| hljkw +djhFrqvwudlqw,/ wr fdswxuh wkh h�hfwv ri djh/

dqg lq dgglwlrq/ wkh dqvzhu wr wkh txhvwlrq ri lghdo idplo| vl}h= Wkh yduldeoh
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LghdoIVb}hur vfruhv rqh li d zrpdq uhvsrqgv zlwk }hur wr wkh txhvwlrq/ Zkdw lv

|rxu lghdo idplo| vl}h= Wkh qxoo k|srwkhvlv wkdw doo wkh sdudphwhuv lq zhuh mrlqwo|

htxdo wr }hur zdv �upo| uhmhfwhg1

43 Frqfoxvlrq dqg srolf| uhohydqfh ri uhvhdufk

Erwk hfrqrplvwv dqg ghprjudskhuv duh lqwhuhvwhg lq dqdo|vlqj wkh fdxvhv ehklqg

kljk ihuwlolw| hvshfldoo| lq vrph ghyhorslqj vrflhwlhv lq zklfk ihuwlolw| udwhv duh frq0

vlghudeo| lq h{fhvv ri uhsodfhphqw ohyho1 Lq wkh ghedwh derxw zkhwkhu lw lv lqgl0

ylgxdo hfrqrplf flufxpvwdqfhv wkdw lq xhqfhv ihuwlolw| ehkdylrxu/ ru zkhwkhu wkhuh

duh idfwruv zlwklq wkh zlghu vrflhw| wkdw kdyh lpsolfdwlrqv iru ihuwlolw|/ wkh uroh ri

vrfldo lqwhudfwlrqv kdv ehhq revhuyhg wr pdwwhu1Wklv sdshu kdv dovr h{dplqhg wkh

lpsruwdqfh ri vrfldo lqwhudfwlrqv/ lq wkh frqwh{w ri ihuwlolw| ehkdylrxu lq Nhq|d exw

kdv vwuhvvhg wkh lpsruwdqfh ri wkh pxowlsolflw| ri vrfldo lqwhudfwlrqv iru ihuwlolw|

edkdylrxu lq Nhq|d1

Vwudwhjlf frpsohphqwdulwlhv lq ihuwlolw| ghflvlrqv lpsolhv wkdw d frxsoh*v ihuwlolw|

ghflvlrqv pd| eh ghshqghqw rq wkh dfwlrqv ri rwkhuv lq wkh ylflqlw| ru lq wkh vrfl0

hw| pruh zlgho|1Wkh phfkdqlvpv wkurxjk zklfk wkhvh frpsohphqwdulwlhv rffxu duh

wkurxjk vwudwhjlf lqwhudfwlrqv1 Lq wklv sdshu zh dujxh wkdw lw lv srvvleo| wr lghqwli|

wkh fkdqqhov wkurxjk zklfk wkhvh lqwhudfwlrqv rffxu/ dqg wkdw wkh| duh soxudo udwkhu

wkdq vlqjxodu lq qdwxuh1 Zh dujxh wkdw wkhvh fkdqqhov rshudwh dw wkh krxvhkrog/

foxvwhu dqg hwkqlf ohyho1 Wklv lv dq lpsruwdqw �qglqj ri wkh uhvhdufk ehfdxvh lw

vxjjhvwv wkdw e| lghqwli|lqj wkh pxowlsolflw| ri wkhvh fkdqqhov/ zh kdyh d ehwwhu ed0

vlv xsrq zklfk wr dwwhpsw wr lq xhqfh srolf|1 Pruh vljql�fdqwo|/ wkh h{lvwhqfh ri

pxowlsoh fkdqqhov ri vrfldo lqwhudfwlrq lpso| wkdw dq dqdo|vw dwwhpswlqj wr lvrodwh

wkhvh sdwkzd|v/ qhhgv wr eh fdxwlrxv derxw wkh srvvlelolw| ri huurqhrxv lqihuhqfh1

Wkh nh| frqfoxvlrq ri wkh sdshu lv wkdw lq rughu wr lq xhqfh ihuwlolw| lq Nhq|d/

zh qhhg wr eh dzduh ri wkh lpsruwdqfh ri erwk orfdo dqg joredo lqwhudfwlrqv lq wkh

irup ri hwkqlflw| dqg jhrjudsk|1 Wkh nh| �qglqj lv wkdw rqfh wkh lq xhqfh ri d

*joredo* irup ri lqwhudfwlrq 0 hwkqlflw| 0 lv lqfoxghg/ wkh lq xhqfh ri d pruh *orfdo*

irup ri lqwhudfwlrq 0 jhrjudsklfdo foxvwhuv 0 ehfrphv lqvljql�fdqw1 Wklv lpsolhv wkdw

zh qhhg wr eh fdxwlrxv zkhq vshfli|lqj wkh fkdqqhov ri vrfldo lqwhudfwlrq dqg lq

gudzlqj lqihuhqfhv iurp wkhp1

Iurp d srolf| shuvshfwlyh/ wkh dqdo|vlv frqgxfwhg khuh vxjjhvwv wkdw lq Nhq|d/

zh zloo qhhg wr wdujhw wkh ghpdqg iru fkloguhq yld lq xhqflqj shrsoh*v ghvluhv derxw

ihuwlolw|1 Iru h{dpsoh/ hgxfdwlqj zrphq lv lpsruwdqw dv kljkhu hgxfdwhg zrphq

ghslfw orzhu ihuwlolw|1 Rq wkh rwkhu kdqg/ wkh uroh ri wkh phgld wkurxjk surprwlqj

nqrzohgjh derxw idplo| sodqqlqj lv fulwlfdo lq rughu wr lq xhqfh clghdv* derxw orzhu

ihuwlolw| qrupv1 Hfrqrplf fkdudfwhulvwlfv duh lpsruwdqw/ dqg phdvxuhv ri lqfrph duh

vljql�fdqw ghwhuplqdqwv ri ihuwlolw|1 Li kljk ihuwlolw| lv d frqvhtxhqfh ri wkh ghpdqg

iru fklog oderxu wr froohfw zdwhu dqg ixho lqiudvwuxfwxuh/ wkhq wdujhwlqj dffhvv wr

slshg zdwhu lq wkh krph dqg hohfwulflw| lv fulwlfdo1 Exw lw lv lpsruwdqw dovr wr

uhfrjqlvh wkdw hfrqrplf fkdudfwhulvwlfv lqwhudfw zlwk qrupv vr wkdw/ iru h{dpsoh/

udlvlqj hgxfdwlrq ohyhov iru zrphq ri doo hwkqlflwlhv zloo eh vljql�fdqw iru ihuwlolw|

ghfolqhv1
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Hwkqlflw| lv vljql�fdqw iru ihuwlolw| wr wkh h{whqw wkdw qrupv ri ehkdylrxu dprqj

phpehuv ri wkh vdph hwkqlf jurxs/ pd| frlqflgh1 Wklv lpsolhv wkdw hwkqlf jurxs

ohdghuv fdq eh wdujhwhg wr lq xhqfh qrupv1 Jhrjudsk| lq wkh irup ri orfdolvhg foxv0

whu lqwhudfwlrqv/ lv dq lpsruwdqw nlqg ri vrfldo lqwhudfwlrq wkdw lq xhqfhv ihuwlolw|

ehkdylrxu lq Nhq|d/ exw rqo| zkhq hwkqlflw| lv rplwwhg iurp wkh prgho1 Zkhq zh

frqwuro iru hwkqlflw|/ wkh orfdo h�hfw glvdsshduv1 Wkh nh| phvvdjh wkdw hphujhv iurp

wklv vwxg| wkhuhiruh lv wkdw vlqfh ihuwlolw| lq wklv vdpsoh lv lq xhqfhg erwk e| *orfdo*

lqwhudfwlrqv dqg e| *joredo* qrupv/ iurp d srolf| shuvshfwlyh/ d vshfl�fdoo| wdujhwhg

lqwhuyhqwlrq lq dq duhd ri kljk ihuwlolw|/ ru wrzdugv vshfl�f jurxsv lq vrflhw|/ du0

jxdeo| zloo eh pruh h�hfwlyh wkdq d*rqh vl}h �wv doo* dssurdfk wr srsxodwlrq srolf|1

Wkhuhiruh/ erwk wkhruhwlfdoo| dqg hpslulfdoo|/ li zh duh lqwhuhvwhg lq uhgxflqj ihuwlo0

lw| lq srru vrflhwlhv vxfk dv Nhq|d/ ru lqghhg gudzlqj ohvvrqv iru rwkhu ghyhorslqj

vrflhwlhv pruh zlgho|/ zh wklqn lw dssrvlwh wr vrxqg d zrug ri fdxwlrq= Vrfldo lq0

whudfwlrqv pdwwhu/ exw pxowlsoh lqwhudfwlrqv pdwwhu hyhq pruh1 Idloxuh wr uhfrjqlvh

wkhlu lpsruwdqfh dqg lqwhughshqghqfh zloo ohdg rqo| wr plvvshfl�fdwlrqv/ dqg pruh

zruu|lqjo| iru srsxodwlrq srolf| lq srru vrflhwlhv/ wkh sureohp ri vsxulrxv lqihuhqfh1

Uhihuhqfhv

+4<:3,= Srsxodwlrq Fhqvxv 4<9<Uhsxeolf ri Nhq|d/ Yro1 4/ Qdlurel1

Djjduzdod/ U1/ V1 Qhwdq|dkx/ dqg F1 Urpdqr +5334,= �Dffhvv wr Qdwxudo

Uhvrxufhv dqg wkh Ihuwlolw| Ghflvlrq ri Zrphq= Wkh Fdvh ri Vrxwk Diulfd1/�

Hqylurqphqw dqg Ghyhorsphqw Hfrqrplfv/ 9/ 53<�5691

Dmd|l/ D1/ dqg M1 Nhnryroh +4<<;,= �Nhq|d*v Srsxodwlrq Srolf| iurp Dsdwk| wr

H�hfwlyhqhvv/� lq Gr Srsxodwlrq Srolflhv PdwwhuB Ihuwlolw| dqg Srolwlfv lq Hj|sw/

Lqgld/ Nhq|d dqg Ph{lfr/ hg1 e| D1 Mdlq1 Qhz \run= Srsxodwlrq Frxqflo1

Edvx/ D1 P1 +5335,= �Zk| Grhv Hgxfdwlrq Ohdg wr Orzhu Ihuwlolw|/� Kduydug

Fhqwuh iru Srsxodwlrq dqg Ghyhorsphqw Vwxglhv Zrunlqj Sdshu Vhulhv/ 45+8,1

Ehfnhu/ J1 V1 +4<;4,= D Wuhdwlvh rq wkh Idplo|1 Kduydug Xqlyhuvlw| Suhvv/ Fdp0

eulgjh/ PD/ XVD1

Ehfnhu/ J1 V1/ dqg N1 P1 Pxusk| +5333,= Vrfldo Hfrqrplfv= Pdunhw Ehkdy0

lru lq d Vrfldo Hqylurqphqw1 Wkh Ehonqds Suhvv ri Kduydug Xqlyhuvlw| Suhvv/

Fdpeulgjh/ P1D1 XVD1

Ehuj0Vfkorvvhu/ G1 +4<;7,= �Wudglwlrq dqg Fkdqjh lq Nhq|d/� Lqwhuqdwlrqdo

Jhjhqzduw Edqg 6/ Sdghueruq= Ihuqlqdqg Vfkrqlqjk1

Ehuqkhlp/ E1 G1 +4<<7,= �D Wkhru| ri Frqiruplw|/� Mrxuqdo ri Srolwlfdo Hfrqrp|/

435+7,/ ;74�::1

Erqjdduwv/ M1/ dqg V1 F1 Zdwnlqv +4<<9,= �Vrfldo Lqwhudfwlrqv dqg Frqwhpsr0

udu| Ihuwlolw| Wudqvlwlrqv/� Srsxodwlrq dqg Ghyhorsphqw Uhylhz/ 55+7,/ 96<�9;51
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Eurfn/ Z1/ dqg V1 Gxuodxi +5333,= �Lqwhudfwlrqv Edvhg Prghov/� lq Kdqgerrn

ri Hfrqrphwulfv/ hg1 e| M1 Khfnpdq/ dqg H1 Ohduqhu/ qr1 81 Qruwk Kroodqg Suhvv/

Dpvwhugdp1

Eurfn/ Z1 D1/ dqg V1 Q1 Gxuodxi +5334,= �Glvfuhwh Fkrlfh zlwk Vrfldo Lqwhu0

dfwlrqv/� Uhylhz ri Hfrqrplf Vwxglhv/ 9;/ 568�5931

Frdoh/ D1 M1/ dqg V1 F1 Zdwnlqv +hgv1, +4<;9,= Wkh Ghfolqh ri Ihuwlolw| lq

HxurshSulqfhwrq1 Sulqfhwrq Xqlyhuvlw| Suhvv1

Frrshu/ M1 +4<;;,= �Frruglqdwlqj Frruglqdwlrq Idloxuhv lq Nh|qhvldq Prghov/�

Wkh Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 436+6,/ 774�7961

Gdvjxswd/ S1 +4<<6,= �Sryhuw|/ Uhvrxufhv dqg Ihuwlolw|= Wkh Krxvhkrog dv d Uh0

surgxfwlyh Sduwqhuvkls/� lq Dowhuqdwlyhv wr Fdslwdolvp/ hg1 e| D1 E1 Dwnlqvrq/

ss1 53:�5761 Vw1 Pduwlq*v Suhvv/ Qhz \run1

Gdvjxswd/ S1 +5333,= �Srsxodwlrq dqg Uhvrxufhv= Dq H{sorudwlrq ri Uhsurgxfwlyh

dqg Hqylurqphqwdo H{whuqdolwlhv/� Srsxodwlrq dqg ghyhorsphqw uhylhz/ 59/ 976�

9;<1

Gh Zlogh/ M1 F1 +4<9:,= H{shulhqfhv zlwk Djulfxowxudo Ghyhorsphqw lq Wurslfdo

Diulfd/ yro1 LL= Wkh Fdvh Vwxglhv1 Mrkq Krsnlqv Suhvv/ Edowlpruh1

Gxuodxi/ V1/ dqg M1 Zdonhu +4<<;,= �Vrfldo Lqwhudfwlrqv dqg Ihuwlolw| Wudqvl0

wlrqv/� Plphr/ Xqlyhuvlw| ri Zlvfrqvlq dw Pdglvrq1

Hjhur/ E1/ dqg P1 Kdppudvnmrog +hgv1, +4<<7,= Xqghuvwdqglqj Uhsurgxfwlyh

Fkdqjh= Nhq|d/ Wdplo Qdgx/ Sxqmde/ Frvwd UlfdOxqg1 Oxqg Xqlyhuvlw| Suhvv1

Hoolvrq/ J1/ dqg G1 Ixqghqehuj +4<<6,= �Uxohv ri Wkxpe iru Vrfldo Ohduqlqj/�

Mrxuqdo ri Srolwlfdo Hfrqrp|/ 434+7,1

Ihghulfl/ Q1/ N1 R1 Pdvrq/ dqg V1 Vrjqhu +hgv1, +4<<6,= Zrphq*v Srvlwlrq

dqg Ghprjudsklf FkdqjhR{irug1 Foduhqgrq Suhvv1

Jhooqhu/ H1 +4<;4,= Pxvolp Vrflhw|1 Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh/ XN1

Jlqwkhu/ G1/ U1 Kdyhupdq/ dqg E1 Zroih +5333,= �Qhljkerukrrg Dwwulexwhv

dv Ghwhuplqdqwv ri Fkloguhq*v Rxwfrphv= Krz Urexvw duh UhodwlrqvklsvB/� Wkh

Mrxuqdo ri Kxpdq Uhvrxufhv/ [[[Y+7,1

Jodhvhu/ H1 O1/ dqg M1 D1 Vfkhlqnpdq +4<<<,= �Phdvxulqj Vrfldo Lqwhudfwlrqv/�

Zrunlqj Sdshu/ Kduydug Xqlyhuvlw|1

Jxlqqdqh/ W1 Z1/ F1 Prhkolqj/ dqg F1 R*Judgd +5334d,= �Ihuwlolw| lq Vrxwk

Gxeolq d Fhqwxu| Djr= D Iluvw Orrn/� \doh Xqlyhuvlw| Hfrqrplf Jurzwk Fhqwuh

Glvfxvvlrq Sdshu Qr1 ;6;1

+5334e,= �Ihuwlolw| lq Vrxwk Gxeolq d Fhqwxu| Djr= D Iluvw Orrn/� \doh

Xqlyhuvlw| Hfrqrplf Jurzwk Fhqwuh Gvlfxvvlrq Sdshu Qr1 ;6;1
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Kdmqdo/ M1 +4<;5,= �Wzr Nlqgv ri Suhlqgxvwuldo Krxvhkrog V|vwhp/� Srsxodwlrq

dqg Ghyhorsphqw Uhylhz/ ;+6,/ 77<�<71

Kdqn/ N1 +5334,= �Uhjlrqdo Vrfldo Frqwh{wv dqg Lqglylgxdo Ihuwlolw| Ghflvlrqv= D

Pxowlohyho Dqdo|vlv ri Iluvw dqg Vhfrqg Eluwkv lq Zhvwhuq Jhupdq|/� PSLGU

Zrunlqj Sdshu Qr1 533403481

Krqruh/ E1 H1 +5335,= �Qrqolqhdu Prghov zlwk Sdqho Gdwd/� plphr/ Sulqfhwrq

Xqlyhuvlw|1

L|hu/ V1 +5335,= Ghprjudsk| dqg Uholjlrq lq Lqgld1 R{irug Xqlyhuvlw| Suhvv/ Ghokl1

L|hu/ V1 +5335,= �Uholjlrq dqg wkh Ghflvlrq wr Xvh Frqwudfhswlrq lq Lqgld/� Mrxuqdo

iru Wkh Vflhqwl�f Vwxg| ri Uholjlrq/ 74+7,/ :44�:551

Mdodq/ V1/ dqgP1 Udydoolrq +4<<:,= �Vsdwldo Sryhuw| Wudsv/� Zruog Edqn Srolf|

Uhvhdufk Zrunlqj Sdshu Qr1 4;951

Nhq|dwwd/ M1 +4<94,= Idflqj Prxqw Nhq|d1 Vhfnhu dqg Zduexuj/ Orqgrq/ +�uvw

sxeolvkhg 4<6;,1

+4<99,= P| Shrsoh ri Nlnx|x1 R{irug Xqlyhuvlw| Suhvv/ Qdlurel1

Nrkohu/ K1 S1 +5334,= Ihuwlolw| dqg Vrfldo Lqwhudfwlrq= Dq Hfrqrplf Shuvshfwlyh1

R{irug Xqlyhuvlw| Suhvv/ R{irug1

Oh|v/ F1 +4<:7,= Xqghughyhorsphqw lq Nhq|d 0 Wkh Srolwlfdo Hfrqrp| ri Qhr0

Frorqldolvp1 Xqlyhuvlw| ri Fdoliruqld Suhvv/ Ehunhoh|1

Pdqvnl/ F1 I1 +4<<6,= �Lghqwl�fdwlrq ri Hqgrjhqrxv Vrfldo H�hfwv= Wkh Uh hfwlrq

Sureohp/� Uhylhz ri Hfrqrplf Vwxglhv/ 93+6,/ 864�751

+5333,= �Hfrqrplf Dqdo|vlv ri Vrfldo Lqwhudfwlrqv/� Mrxuqdo ri Hfrqrplf

Shuvshfwlyhv/ 47+6,/ 448�691

Pdqvnl/ F1 I1/ dqg M1 Pd|vkdu +5335,= �Sulydwh dqg Vrfldo Lqfhqwlyhv iru Ihuwlo0

lw|= Lvudhol Sx}}ohv/� Zrunlqj Sdshu ;<;7/ Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk1

Phfn/ P1 +4<:4,= �Sureohpv dqg Survshfwv ri Vrfldo Vhuylfhv lq Nhq|d/� Zhow0

iruxp Yhuodj/ Pxqfkhq/ LIR Lqvwlwxw ixu Zluwvfkdiwviruvfkxqj Pxqfkhq Diulnd0

vwxglhq 9<1

Plggohwrq/ M1/ dqg J1 Nhuvkdz +4<98,= Wkh Nlnx|x dqg Ndped ri Nhq|d=

Wkh Fhqwudo Wulehv ri wkh Qruwk0Hvdwhuq Edqwx1 Lqwhuqdwlrqdo Diulfdq Lqvwlwxwh/

Orqgrq1

Prqwjrphu|/ P1 U1/ J1 Nlurv/ G1 Dj|hpdq/ M1 E1 Fdvwhuolqh/ S1 Djor0

elwvh/ dqg S1 F1 Khzhww +5334,= �Vrfldo Qhwzrunv dqg Frqwudfhswlyh G|qdp0

lfv lq Vrxwkhuq Jkdqd/� Srsxodwlrq Frxqflo Uhvhdufk Glylvlrq Zrunlqj Sdshu

Qr1 486/ Qhz \run1
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Prujdq/ Z1 W1 Z1/ dqg Q1 P1 Vkdiihu +4<99,= Srsxodwlrq ri Nhq|d/ Ghqvlw|

dqg Glvwulexwlrq1 R{irug Xqlyhuvlw| Suhvv/ Qdlurel1

Prxowrq/ E1 +4<<3,= �Dq Looxvwudwlrq ri d Slwidoo lq Hvwlpdwlqj wkh H�hfwv ri

Djjuhjdwh Yduldeohv rq Plfur Xqlwv/� Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ :5/

667�66;1

Prxowrq/ E1 U1 +4<;9,= �Udqgrp Jurxs H�hfwv dqg wkh Suhflvlrq ri Uhjuhvvlrq

Hvwlpdwhv/� Mrxuqdo ri Hfrqrphwulfv/ 65/ 6;8�6<:1

Qdxfn/ E1 +4<<8,= �Uhjlrqdoh Ploolhxv Yrq Idplolhq lq Ghxwvfkodqg Qdfk ghu

Srolwlvfkhq Yhuhlqljxqj/� lq Idplolh lp Euhqqsxqnw/ Qhxzlg/ hg1 e| E1 Qdxfn/

dqg F1 Rqqhq0Lvhpdqq/ ss1 <4�4541

Rolyhu/ U1/ dqg P1 H1 Jhuydvh +4<96,= Klvwru| ri Hdvw Diulfdfkds1 YL1 R{irug

Xqlyhuvlw| Suhvv/ Orqgrq1

Rplqgh/ V1 K1 +4<9;,= Odqg dqg Srsxodwlrq Pryhphqwv lq Nhq|d1 Khlqhpdqq/

Orqgrq1

Vdqghu/ Z1 +4<<8,= Wkh Fdwkrolf Idplo|1 Zhvwylhz Suhvv/ Erxoghu1

Vulqlydv/ P1 Q1 +4<<7,= Wkh Grplqdqw Fdvwh dqg Rwkhu Hvvd|v1 R{irug Xqlyhuvlw|

Suhvv/ R{irug/ Uhylvhg dqg hqodujhg hglwlrq1

Zhuh/ J1 V1 +4<9:,= D Klvwru| ri wkh Dedox|ld ri Zhvwhuq Nhq|d/ 483304<331 Hdvw

Diulfdq Sxeolvklqj Krxvh/ Qdlurel1

Zloolv/ U1 M1 +4<:6,= �D Qhz Dssurdfk wr wkh Hfrqrplf Vwxg| ri Ihuwlolw| Eh0

kdylrxu/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;4+5 sw 5,/ 47�971
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Wdeoh 4= Wuhqgv lq Nhq|d*v Ghprjudsklf Lqglfdwruv= 4<7;0<;

Lqglfdwru 4<7; 4<95 4<9< 4<:< 4<;< 4<:: 4<<; GPV

Fhqvxv Fhqvxv Fhqvxv Fhqvxv Fhqvxv Fhqvxv Vdpsoh

Srsxodwlrq +ploolrqv, 817 ;19 431< 4914 5417 5< q1d1

Srsxodwlrq jurzwk udwh

+( shu dqqxp, 518 613 616 61; 617W 613 q1d1

Fuxgh eluwk udwh 83 83 83 85 7; 68 6719

Wrwdo ihuwlolw| udwh 913 91; :19 :1< 91: 71; 71:

Fuxgh ghdwk udwh 58 53 4: 47 43 43 q1d1

Lqidqw pruwdolw| udwh 4;7 q1d1 44; 437 99 99 :31:

Fklog pruwdolw| udwh q1d1 54< 4<3 48: 458 43; 43815

Olih h{shfwdqf| +|uv, 68 77 7< 87 8: 88 q1d1

Frqwudfhswlyh suhydodqfh

udwh q1d1 q1d1 q1d1 :13 591< 6< 6<

q1d1 @ qrw dydlodeoh
W

Vrxufh= Frpslohg iurp D|d|l dqg Nhnryroh/ 4<<;/ s1 44:> Qdwlrqdo Frxqflo iru Srsxodwlrq

dqg Ghyhorsphqw +QFSG,/ Fhqwudo Exuhdx ri Vwdwlvwlfv +FE],/ Nhq|d dqg Pdfur

Lqwhuqdwlrqdo +PL,/ 4<<<1
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Wdeoh 5= Fkdudfwh

Ndohqmlq

0 rq dyhudjh/ ohvv hgxfdwhg wkdq rwkhu jurxsv z

0 vpdoohvw xqlw ri whuulwruldo frpsrvlwlrq lv wkh

Ndped

0 kljk olwhudf| dqg duh lqyroyhg lq lqwhu0whuulwru

0 vnloohg fudiwvpdq dqg djulfxowxulvwv

Nlnl|x

0 d kljko| hyroyhg vhqvh ri hwkqlf lghqwlw| dqg w

0 wkh ehvw0hgxfdwhg ri doo jurxsv dqg duh dovr wk

0 idwkhuv kdyh d ohvv grplqdqw uroh iru ghflvlrq0

0 uhodwlrqv ehwzhhq h{whqghg idplo| duh vwurqj>
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Wdeoh 6= Glvwulexwlrq ri wkh Vdpsoh e| Uhjlrq dqg Hwkqlflw|

Uhjlrq

Qdlurel Fhqwudo Frdvw Hdvwhuq Q|*q}d Uliw Y*o| Zhvw*q DOO

Hwkqlflw|

Ndohqmlq 7 4 4 6 8 45:5 63 4649

+413, +314, +314, +316, +317, +9:19, +619, +4;14,

Ndped ;3 : ;7 9:5 5 43 3 ;88

+531:, +31<, +4313, +8:16, +314, +318, +313, +441:,

Nlnx|x 487 :74 67 55 6 5<; 6 4588

+6<1<, +<719, +713, +41<, +315, +481;, +317, +4:15,

Nlvll 46 6 5 5 88< 97 5 978

+617, +317, +315, +315, +731:, +617, +315, +;1<,

Oxk|d 94 43 6: : 85 4:< ::4 444:

+481;, +416, +717, +319, +61;, +<18, +<419, +4816,

Oxr 8; 43 7; 7 :7< 88 68 <8<

+4813, +416, +81:, +316, +8719, +51<, +715, +4615,

Phux2Hpex 49 < 43 793 6 8 3 836

+714, +414, +415, +6<15, +315, +316, +313, +91<,

Plml2Vzd 3 5 95; 5 3 3 4 966

+313, +316, +:717, +315, +313, +313, +314, +;1:,

DOO 6;9 :;6 ;77 44:5 46:6 4;;6 ;75 :5;6

+43313, +43313, +43313, +43313, +43313, +43313, +43313, +43313,
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Wdeoh 7= Glvwulexwlrq ri wkh Vdpsoh e| Uhjlrq dqg Hwkqlflw|

( Uhjlrq DOO

Qdlurel Fhqwudo Frdvw Hdvwhuq Q|*q}d Uliw Y*o| Zhvw*q

Hwkqlflw|

Ndohqmlq 316 314 314 315 317 <91: 516 43313

Ndped <17 31; <1; :;19 315 415 313 43313

Nlnx|x 4516 8<13 51: 41; 315 561: 315 43313

Nlvll 513 318 316 316 ;91: <1< 316 43313

Oxk|d 818 31< 616 319 71: 4913 9<13 43313

Oxr 913 413 813 317 :;14 81: 619 43313

Phux2Hpex 615 41; 513 <418 319 413 313 43313

Plml2Vzd 313 316 <<15 316 313 313 315 43313

DOO 816 431; 4419 4914 4;1< 581< 4419 43313
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Wdeoh 8= FHE e| Uhjlrq dqg Hwkqlflw|

Uhjlrq

Qdlurel Fhqwudo Frdvw Hdvwhuq Q|*q}d Uliw Y*o| Zhvw*q �.
�.�

Hwkqlflw|

Ndohqmlq 41:83 ;1333 <1333 31666 71933 61636 51<66 615<9

Ndped 419;; 61:47 5194< 51;75 51333 61;33 0 51:5<

Nlnx|x 419;5 517<; 41:68 513<4 51333 51<;6 81666 517<4

Nlvll 4163; 4199: 71333 31333 51:49 51958 ;1833 519;:

Oxk|d 41<9: 51433 51468 61333 6186; 61685 615:5 614:9

Oxr 41;95 61433 41<8; 51833 61:78 613<4 61447 6179<

Phux2Hpex 3176; 5199: 41933 51;;3 41666 31;33 0 51:77

Plml2Vzd 0 31833 613:; 41833 0 0 41333 61395

�-
�.�

419<5 51845 51;98 51;5< 61643 61557 615:4 51<;6

�-
�.�

41;66 51738 51;73 51;49 61565 6137; 6149; 0
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Wdeoh 9= FHE e| Uhjlrq dqg Hwkqlflw| iru Ydulrxv Djh Jurxsv

FHE Djh Jurxs +|hduv,

4804< 53057 5805< 63067 6806< 73077 7807< 8308< DOO

Uhjlrq

Qdlurel 3144 31<6 41;4 516; 6184 61<8 8145 717< 419<

Fhqwudo 314: 4136 41<6 615; 716; 8196 9166 81<5 5184

Frdvw 3164 415; 518: 61;: 814: 9167 91:; 9186 51;9

Hdvwhuq 3148 4153 5194 7135 8133 9164 91:8 9184 51;6

Q|dq}d 3157 4179 614< 71<< 81<: :165 :18< :179 6164c

Uliw Ydooh| 315: 416; 6145 7187 81<3 91<8 :1:4 :158 6155

Zhvwhuq 3153 4177 6133 71;5 913< :146 :168 :156 615:

Hwkqlflw|

Ndohqmlq 315: 416< 6169 71<3 9145 :15: :1;3 :17; 6163

Ndped 314: 4154 5195 61<8 71;; 9147 9193 9167 51:6

Nlnx|x 314; 4133 41<6 615: 716; 8193 9167 81<4 517<

Nlvll 313< 4148 51;< 7153 817< 919: :19: 91<< 519<

Oxk|d 3154 4173 51<6 718; 81:3 91<4 :16< :143 614;

Oxr 3169 419: 6144 71;8 9158 :184 :193 :189 617:

Phux2Hpex 3143 4138 5174 6197 71<3 9158 91;7 9185 51:7

Plml2Vzd 3163 4168 51;3 7157 816; 9193 91:: 919; 6139

DOO Uhjlrqv2Hwkqlflwlhv 3155 415< 51:8 7155 8177 9194 :144 91;6 51<;



75

Wdeoh := Phdq Hgxfdwlrq +\hduv, e| Hwkqlflw|

Uhjlrq

Hg1 Ohyho Qdlurel Fhqwudo Frdvw Hdvwhuq Q|*q}d Uliw Y*o| Zhvw*q �.
�.�

Hwkqlflw|

Ndohqmlq 4618 313 :13 :16 :13 918 :13 918

Ndped <15 71< 91< 91: ;18 919 0 91<

Nlnx|x <18 :1< <19 ;1: :1: :17 91: ;14

Nlvll 4318 913 818 4513 91; 91: 913 91<

Oxk|d ;1: 91; ;17 <19 913 913 :14 :13

Oxr ;1: 91: ;15 ;1; 81< 91< ;14 916

Phux2Hpex ;1< ;15 :15 918 4313 ;19 0 919

Plml2Vzd 0 4413 814 713 0 0 913 715

�.( <15 :1; 814 91: 916 919 :14 91:
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Wdeoh ;= FHE dqg Hgxfd

Qdlurel Fhqwudo Frdvw

FHE Hgxf1 FHE Hgxf1 FHE Hgxf1

Hwkqlflw|

Ndohqmlq 41:83 4618 ;1333 313 <1333 :13

Ndped 419;; <15 61:47 71< 5194< 91<

Nlnx|x 419;5 <18 517<; :1< 41:68 <19

Nlvll 4163; 4318 4199: 913 71333 818

Oxk|d 41<9: ;1: 51433 91; 51468 ;17
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Wdeoh <= Lqihuhqfh Whpsodwh

Prghov hvwlpdwhg rq FHEW Prgho 4 Prgho 5 Prgho 6

Surylqfh0ohyho yduldeohv

Qdlurel [ [ [

Fhqwudo [ [ [

Frdvw [ [ [

Hdvwhuq [ [ [

Q|dq}d [ [ [

UliwbYdooh| [ [ [

Foxvwhu0ohyho yduldeohv

Hgxfdwlrq [ [ [

Fkloguhq hyhu eruq +Ndohqmlq, [ [ [

Fkloguhq hyhu eruq +Ndped, [ [ [

Fkloguhq hyhu eruq +Nlnx|x, [ [ [

Fkloguhq hyhu eruq +Nlvll, [ [ [

Fkloguhq hyhu eruq +Phux0hpex, [ [ [

Fkloguhq hyhu eruq +Plmlndqgd0Vzdklol, [ [ [

Fkloguhq hyhu eruq +Oxk|d, [ [ [

phgld dffhvv +udglr, [ [ [

Glvfxvvhg IS zlwk iulhqgv hwf1 [ [ [

hohf1 lq KK [ [ [

zdwhu +qdw1 vrxufh, [ [ [

zdwhu +slshg lqwr KK, [ [ [

zdwhu +sxeolf vrxufh, [ [ [

Krxvhkrog0ohyho yduldeohv

Hgxfdwlrq +sulpdu|, [ [

Hgxfdwlrq +vhfrqgdu|, [ [

Hgxfdwlrq +kljkhu, [ [

Qxpehu ri rwkhu zlyhv [ [

Glvfxvvhg IS zlwk iulhqgv [ [

wrwdo KK vl}h 0 FHE [ [

lurq urri [ [

wlohg urri [ [

rwkhu urriW [ [

zrrg  rru [ [

wlohg  rru [ [

fhphqw  rruh [ [

wrlohw idflolw| [ [

kdv udglr [ [

kdv WY [ [

kdv whohskrqh [ [

kdv elf|foh [ [

urrpv +vohhs, [ [
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Lqihuhqfh Whpsodwh= frqwlqxhg

Prghov hvwlpdwhg rq FHE

Prgho 4 Prgho 5 Prgho 6

Lqglylxdo ohyho yduldeohv

Djh [

Fxuuhqw Djh2 [

Hgxfdwlrq +sulpdu|, [

Hgxfdwlrq +vhfrqgdu|, [

Hgxfdwlrq +kljkhu, [

Olvwhqv wr udglr [

Uhvlghqw vlqfh 4<<6 [

Ndohqmlq [

Ndped [

Nlnx|x [

Nlvll [

Oxk|d [

Phux0hpex [

Plmlndqgd0Vzdklol [

frqvw [

_ edvh @ udlq zdwhu> WEdvh lv wkdwfk> h Edvh lv vdqg2pxg
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Wdeoh 43= Fkloguhq Hyhu Eruq= ]hur0Lq dwhg Qhjdwlyh Elqrpldo

Foxvwhu Ohyho Yduldeohv

Prghov hvwlpdwhg rq FHE Prgho F

Frhi1 Su A m}m
Surylqfh0ohyho yduldeohv

Qdlurel 031474 31333

Fhqwudo 03138: 31395

Frdvw 031467 31333

Hdvwhuq 031439 3133:

Q|dq}d 0313:< 31346

UliwbYdooh| 031386 31355

Foxvwhu0ohyho yduldeohv

fkloguhq hyhu eruq +Ndohqmlq, 031337 31<:7

fkloguhq hyhu eruq +Ndped, 3134:4 31567

fkloguhq hyhu eruq +Nlnx|x, 03135; 3158:

fkloguhq hyhu eruq +Nlvll, 3135< 315:7

fkloguhq hyhu eruq +Phux0hpex, 3133: 31;55

fkloguhq hyhu eruq +Plmlndqgd0Vzdklol, 3133< 319<7

fkloguhq hyhu eruq +Oxk|d, 03134< 31457

fkloguhq hyhu eruq +Oxr, 03133: 319<<

Hgxfdwlrq +Ndohqmlq, 0317;5 3139:

Hgxfdwlrq +Ndped, 04168; 31387

Hgxfdwlrq +Nlnx|x, 3146; 31:<6

Hgxfdwlrq +Nlvll, 031696 318;:

Hgxfdwlrq +Phux0hpex, 318:3 31487

Hgxfdwlrq +Plmlndqgd0Vzdklol, 31533 31<48

Hgxfdwlrq +Oxk|d, 031363 31<48

phgld dffhvvv +udglr, 031567 31333

glvfxvvhg IS zlwk iulhqgv hwf1 031378 31667

hohf1 lq KK 031386 313:7

zdwhu +qdw1 vrxufh, 04148: 31333

zdwhu +slshg lqwr KK, 04138< 31333

zdwhu +sxeolf vrxufh,_ 0414<7 31333



7:

1111frqwlqxhg

Prghov hvwlpdwhg rq FHEW

Frhi1 Su A m}m
Krxvhkrog0ohyho yduldeohv

Qxpehu ri rwkhu zlyhv 031499 31333

Glvfxvvhg IS zlwk iulhqgv hwf1 031377 31333

wrwdo KK vl}h 0 FHE 03178; 31333

lurq urri 03138; 31333

wlohg urri 0313<: 31376

rwkhu urriW 03139: 3169;

zrrg  rru 3134< 31957

wlohg  rru 31543 3199;

fhphqw  rruh 031345 31674

wrlohw idflolw| 031338 31333

kdv udglr 031349 313<<

kdv WY 31337 31;34

kdv whohskrqh 31396 3136;

kdv elf|foh 03134: 31446

urrpv +vohhs, 031343 31355

Lqglylxdo ohyho yduldeohv

Djh 31567 31333

Fxuuhqw djh2 031336 31333

Hgxfdwlrq +sulpdu|, 31385 31333

Hgxfdwlrq +vhfrqgdu|, 03134; 31569

Hgxfdwlrq +kljkhu, 031399 31463

Olvwhqv wr udglr 31339 31539

Uhvlghqw vlqfh 4<<6 31355 31465

Fkloguhq hyhu eruq +Ndohqmlq, 314;9 31333

Fkloguhq hyhu eruq +Ndped, 31536 31333

Fkloguhq hyhu eruq +Nlnx|x, 31647 31334

Fkloguhq hyhu eruq +Nlvll, 314<: 31333

Fkloguhq hyhu eruq +Oxk|d, 3154: 31333

Fkloguhq hyhu eruq +Phux0hpex, 3155< 31333

Fkloguhq hyhu eruq +Plmlndqgd0Vzdklol, 31537 31333

Ndohqmlq 03144; 31334

Ndped 031553 31333

Nlnx|x 03169; 31333

Nlvll 031594 31333

Oxk|d 0314<3 31333

Phux0hpex 315:< 31333

Plmlndqgd0Vzdklol 031495 31334

xuedq 031373 3137:

lghdo qxpehu ri fkloguhq 031335 31677

Lq dwlrq Prgho

Djh Frqvwudlqw 031653 31333

Lghdo IV }hur 031495 31863

Frqvwdqw 04;1377 31333

� @ 6187h03< 31896


