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Devwudfw

Wklv sdshu dqdo|}hv zkhwkhu krxvhkrogv xvh krxvh lqwhuhvw ghgxfwlrqv

wr plqlpl}h idplo| wd{ sd|phqw1 E| dsso|lqj d krxvhkrog prgho lq

zklfk wd{ ghgxfwlrqv duh dvvrfldwhg zlwk d frvw/ zh uhodwh wkh olnholkrrg

ri plqlpl}lqj wkh wd{ sd|phqw wr yduldeohv dvvrfldwhg zlwk wkh exgjhw

frqvwudlqw dqg rwkhu krxvhkrog fkdudfwhulvwlfv1 Wkh uhvxowv vkrz wkdw ;;

shufhqw ri wkh krxvhkrogv iroorz dq rswlpdo +duelwudjh iuhh, dyrlgdqfh

vwudwhj|/ dqg wkh olnholkrrg ri plqlpl}lqj wd{hv lv lq xhqfhg e| lqfrph/

djh dqg krxvh rzqhuvkls h{shulhqfh1

Nh|zrugv= Lqfrph wd{dwlrq/ Wd{ dyrlgdqfh/ Krxvlqj ghgxfwlrqv

MHO fodvvl�fdwlrq= K57> K5<

WD uhvhdufk judqw iurp wkh Vzhglvk Frxqflo iru Uhvhdufk lq wkh Kxpdqlwlhv dqg Vr0

fldo Vflhqfhv +KVIU, lv judwhixoo| dfnqrzohgjhg1 Fruuhvsrqghqfh wr= Pdjqxv Zln0

vwuùp/ Ghsduwphqw ri Hfrqrplfv/ Xphè Xqlyhuvlw|/ VH0<34;: Xphè/ Vzhghq/ hpdlo=

pdjqxv1zlnvwurpChfrq1xpx1vh
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Rqh lpsruwdqw/ dqg riwhq qhjohfwhg/ fkdqqho wkurxjk zklfk wd{hv d�hfw hfr0
qrplf ehkdylru lv wkh srvvlelolw| ri xvlqj gl�huhqw dyrlgdqfh vwudwhjlhv1 Lq
idfw/ vrph hpslulfdo zrun vxjjhvwv wkdw wd{ dyrlgdqfh lv dw ohdvw dv lpsruwdqw
dv wkh h�hfwv ri wd{dwlrq rq uhdo yduldeohv/ vxfk dv oderu vxsso| dqg frqvxps0
wlrq14 Wd{ dyrlgdqfh ehkdylru dovr dsshduv wr lqwhudfw zlwk rwkhu irupv ri
ehkdylrudo uhvsrqvhv wr wd{dwlrq1 Wulhvw +4<<5, h{whqgv wkh wudglwlrqdo oderu
vxsso| prgho wr wkh fdvh zkhuh lqglylgxdov fdq xvh ghgxfwlrqv wr plqlpl}h
wd{ sd|phqwv/ dqg �qgv wkdw wkh h�hfw ri wd{hv rq oderu vxsso| wkurxjk wkh
uhodwlyh sulfh ri ghgxfwleoh frqvxpswlrq h{shqglwxuhv vhhpv wr eh vwurqjhu
wkdq wkh h�hfw ri wd{dwlrq yld wkh qhw zdjh udwh1

D txhvwlrq wkdw ghvhuyhv dwwhqwlrq lv zkr dfwxdoo| xwlol}hv wkh h{lvwlqj srv0
vlelolwlhv wr dyrlg wd{hv/ dqg li lw lv lpsruwdqw wr glvwlqjxlvk dprqj wkrvh zkr
dyrlg wd{hv dqg wkrvh zkr gr qrw1 Lq wkh vlpsohvw prghov ri wd{ dyrlgdqfh/
hyhu| krxvhkrog pdnhv xvh ri wkh srvvlelolwlhv rshq iru dyrlglqj wd{hv1 Lq
uhdolw| vrph idplolhv dyrlg wd{hv pruh wkdq rwkhuv/ lqglfdwlqj wkdw wkhuh duh
lqglylgxdo frpsrqhqwv wr wd{ dyrlgdqfh1 Krzhyhu/ wkh ghwhuplqdqwv fkdudf0
whul}lqj wkhvh frpsrqhqwv duh uduho| glvfxvvhg lq hpslulfdo zrun1

Wkh sxusrvh ri wklv sdshu lv wr vwxg| wkh ghwhuplqdqwv ri rqh irup ri wd{
dyrlgdqfh iru zklfk gdwd lv uhdglo| dydlodeoh> wkh fkrlfh ri lqwhuhvw ghgxfwlrqv
rq krxvh ordqv dprqj frkdelwlqj frxsohv1 Lq dq lqglylgxdoo| edvhg wd{ v|vwhp
zkhuh ghgxfwlrqv duh pdgh djdlqvw ruglqdu| lqfrph/ vxfk dv wkh Vzhglvk lq0
frph wd{ v|vwhp sulru wr 4<<4/ vkliwlqj lqfrph dqg ghgxfwleoh h{shqvhv zlwklq
wkh krxvhkrog surylgh rqh phdqv ri olplwlqj wkh wrwdo wd{ sd|phqw1 Wklv irup
ri wd{ dyrlgdqfh lv uduho| dgguhvvhg lq wkh hpslulfdo olwhudwxuh1 Rqh h{fhswlrq
lv Vwhskhqv dqg Zdug0Edww +5334,1 Wkh| frqvlghu krz idplolhv lq wkh X1N1
uhdoorfdwh dvvhwv zlwklq wkh krxvhkrog iroorzlqj wkh vkliw iurp mrlqw wd{dwlrq
wr lqglylgxdo wd{dwlrq1 Hyhq wkrxjk d odujh sursruwlrq ri wkh krxvhkrogv pd|
qrw kdyh h{sorlwhg wkh srvvlelolw| wr dyrlg wd{hv/ wkhlu uhvxowv lqglfdwh wkdw wkh
X1N1 wd{ uhirup zdv dffrpsdqlhg e| d vljql�fdqw lqwud0krxvhkrog uhdoorfdwlrq

4Iru h{dpsoh/ zkhq vxppdul}lqj wkh h{shulhqfh ri wkh X1V1 Wd{ Uhirup Dfw ri 4<;9/

Vohpurg +4<<3, uhihuv wr dyrlgdqfh uhvsrqvhv dv qxpehu wzr dqg uhdo uhvsrqvhv dv qxpehu

wkuhh lq d wkuhh0wlhu klhudufk| ri ehkdylrudo uhvsrqvhv wr wd{dwlrq1
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ri dvvhwv1
Wkhruhwlfdo prghov xvlqj d vr fdoohg dyrlgdqfh whfkqrorj| w|slfdoo| dvvxph

wkdw wkh frvw ri dyrlglqj wd{hv ghshqgv rq wkh dprxqw ri dyrlgdqfh dqg wkh
lqfrph hduqhg/5 zklfk pd| frqvwlwxwh rqh vhw ri h{sodqdwlrqv iru wd{ dyrlgdqfh
ehkdylru1 Lq dgglwlrq/ wkhuh pd| eh rwkhu idfwruv lpsruwdqw lq h{sodlqlqj zk|
vrph krxvhkrogv gr qrw h{sorlw wkh rssruwxqlw| wr dyrlg wd{hv1 Lw wdnhv wlph
dqg h�ruw wr ohduq krz wkh wd{ v|vwhp zrunv/ dqg lw lv uhdvrqdeoh wkdw wkhuh lv
vxevwdqwldo yduldwlrq lq wkh h�ruw uhtxluhg wr ohduq krz wr dyrlg wd{hv1 Pdnl
+4<<9, suhvhqwv uhvxowv frqvlvwhqw zlwk wkh lghd wkdw krxvhkrogv gl�hu lq wkhlu
�qdqfldo vrsklvwlfdwlrq uhjduglqj wkhlu delolw| wr dyrlg wd{hv1 Wr vrph h{whqw/
wkh gl�huhqfhv lq wd{ dyrlgdqfh ehkdylru iroorzlqj wkh X1V1 wd{ uhirup dsshdu
wr eh gulyhq e| hgxfdwlrqdo dwwdlqphqw dqg krxvhkrog lqfrph1

Lq wklv sdshu zh uhodwh pdoh dqg ihpdoh pdujlqdo wd{ udwhv dqg fodlphg
ghgxfwlrqv rq krxvh lqwhuhvw sd|phqwv/ iru wkh sxusrvh ri glvwlqjxlvklqj eh0
wzhhq wkrvh zkr iroorz dq rswlpdo +duelwudjh iuhh, dyrlgdqfh vwudwhj| dqg
wkrvh zkr gr qrw1 Xvlqj gdwd iurp wkh Vzhglvk KXV0vxuyh|v iurp 4<;7 dqg
4<;9/ wkhvh wzr krxvhkrog jurxsv duh frpsduhg xvlqj d qxpehu ri yduldeohv
uhodwhg wr wkh krxvhkrog phpehuv1 Wkhvh yduldeohv duh dvvxphg wr uh hfw wkh
frvwv dqg ehqh�wv ri wd{ dyrlgdqfh1 Wkh vwxg| vkrxog eh vhhq dv d �uvw dwwhpsw
wr hpslulfdoo| dqdo|}h lqwud0krxvhkrog wd{ dyrlgdqfh ehkdylru1 Wkh suh04<<4
Vzhglvk wd{ v|vwhp lv sduwlfxoduo| lqwhuhvwlqj wr vwxg| ehfdxvh kljk pdujlqdo
wd{ udwhv wrjhwkhu zlwk d frpsoh{ wd{ v|vwhp fuhdwhg vwurqj lqfhqwlyhv iru
lqglylgxdov wr h{sorlw gl�huhqw wd{ dyrlgdqfh vwudwhjlhv1 Wkhuh lv dovr vrph
hylghqfh wkdw wd{ dyrlgdqfh zdv h{whqvlyh/ sduwlfxoduo| dprqj kljk0lqfrph
hduqhuv1 +vhh h1j1/ Pdopìu dqg Shuvvrq/ 4<<7,1 Vlplodu revhuydwlrqv kdyh dovr
ehhq pdgh lq rwkhu frxqwulhv16

Wkh uhvxowv vkrz wkdw ;; shufhqw ri wkh krxvhkrogv plqlpl}h wd{ sd|phqw
dffruglqj wr rxu fulwhulrq1 Wkxv/ wkh srvvlelolwlhv iru wd{ dyrlgdqfh fuhdwhg e|
wkh wd{ v|vwhp dsshdu wr eh xwlol}hg wr d odujh h{whqw1 Zh dovr suhvhqw hylghqfh
frqvlvwhqw zlwk wkh lghd wkdw wd{ dyrlgdqfh pd| eh uhodwhg wr h{shulhqfh lq

5D uhylhz ri h{lvwlqj prghov dv zhoo dv hpslulfdo hylghqfh rq wd{ dyrlgdqfh dqg wd{

hydvlrq lv jlyhq e| Vohpurg dqg \lw}kdnl +5333,1
6Iru h{dpsoh/ lq wkh X1V1 frqwh{w/ Ihogvwhlq +4<<8, vwxglhv wkh h�hfwv ri pdujlqdo wd{

udwhv rq wd{deoh lqfrphv iroorzlqj wkh 4<;9 wd{ uhirup1 Wkh uhvxowv duh frqvlvwhqw zlwk wd{

dyrlgdqfh1
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wkh vhqvh wkdw wkrvh zkr kdyh ehhq krxvh rzqhuv iru d orqj wlph duh pruh
olnho| wr plqlpl}h wd{ sd|phqwv wkdq wkrvh zkr uhfhqwo| erxjkw wkhlu krxvhv1
Ilqdoo|/ yduldeohv dvvrfldwhg zlwk wkh exgjhw frqvwudlqw duh zhdno| uhodwhg wr
wd{ plqlpl}dwlrq1 Wkh sdshu lv rujdql}hg dv iroorzv= Vhfwlrq 5 suhvhqwv d
wkhruhwlfdo iudphzrun zlwk wkh sulph sxusrvh ri gh�qlqj d phdvxuh ri wd{
plqlpl}lqj ehkdylru1 Lq vhfwlrq 6 zh suhvhqw wkh gdwd/ wkh hpslulfdo prgho
dqg wkh uhvxowv1 Vhfwlrq 7 frqwdlq frqfoxvlrqv dqg vxjjhvwlrqv iru ixwxuh zrun1
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Wkh sxusrvh ri wklv vhfwlrq lv wr ghyhors d phwkrg e| zklfk zh fdq phdvxuh
zkhwkhu idplolhv h{sorlw wkh h{lvwlqj srvvlelolwlhv iru dyrlglqj wd{hv e| vkliw0
lqj lqwhuhvw ghgxfwlrqv ehwzhhq wkh krxvhkrog phpehuv1 Ohw x+f> k6> ks >[,

eh wkh idplo|*v xwlolw| ixqfwlrq/ zkhuh vxelqgh{hv p dqg i ghqrwh pdoh dqg
ihpdoh/ f ghqrwhv frqvxpswlrq/ k�/ l @p> i> oderu vxsso|/ dqg [ lv d gxudeoh
frqvxpswlrq jrrg +krxvlqj,1 Zh dvvxph wkdw [ lv jlyhq/ uh hfwlqj wkh dv0
vxpswlrq wkdw wkh krxvlqj ghflvlrq kdv douhdg| ehhq pdgh sulru wr wkh oderu
vxsso| dqg frqvxpswlrq ghflvlrqv1 Wkh exgjhw frqvwudlqw ri wkh krxvhkrog lv
jlyhq e|

f @
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�
^z}

� k� � W� +z
}
� k� � d�U, . |�`�U

zkhuh z}
� lv wkh jurvv zdjh udwh ri l/ |� ghqrwhv lqfrph iurp rwkhu vrxufhv/

dqg U wkh lqwhuhvw sd|phqw rq wkh ghgxfwleoh jrrg [1 Wkh wd{ sd|phqw lv
ghqrwhg e| W�/ dqg d� lv wkh vkduh ri wkh ghgxfwlrqv pdgh e| l +d6. ds @ 4,1

Wkh wd{ v|vwhp lv slhfhzlvh olqhdu1 Wkhuh duh M eudfnhwv lq wkh lqfrph
wd{ v|vwhp1 Ohw � � eh wkh pdujlqdo wd{ udwh dvvrfldwhg zlwk vhjphqw m/ dqg
K� eh wkh xsshu olplw +nlqn srlqw, lq whupv ri krxuv fruuhvsrqglqj wr eudfnhw
m1 Wkh wd{ sd|phqw ri lqglylgxdo l orfdwhg dw vhjphqw m lv jlyhq e| W
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lqwr wkh exgjhw frqvwudlqw |lhogv
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lv wkh yluwxdo lqfrph fruuhvsrqglqj wr vhjphqw m1 Wkh krxvhkrog pd{lpl}hv
xwlolw| e| fkrrvlqj oderu vxssolhv/ frqvxpswlrq/ dqg wkh vkduh ri ghgxfwlrqv
iru hdfk krxvhkrog phpehu1

Wkh frqglwlrqv uh hfwlqj oderu vxsso| dqg frqvxpswlrq duh vwdqgdug/ dqg
zh frqfhqwudwh rq wkh fkrlfh ri krz wr vkduh wkh wrwdo ghgxfwlrqv ehwzhhq wkh
vsrxvhv1 Qrwh wkdw/ dv orqj dv wkh ghgxfwlrqv rqo| d�hfw wkh exgjhw frqvwudlqw
dv uhsuhvhqwhg e| htxdwlrq +4,/ vkliwlqj ri ghgxfwlrqv dprqj wkh krxvhkrog
phpehuv lv rqo| d pdwwhu ri plqlpl}lqj wkh wd{ exughq ri wkh krxvhkrog1

Wkh fkrlfh ri ghgxfwlrq vkduhv fdq hlwkhu uhvxow lq dq lqwhulru vroxwlrq/
zkhuh erwk vsrxvhv pdnh ghgxfwlrqv/ ru d fruqhu vroxwlrq1 Wr fkdudfwhul}h
wkh lqwhulru vroxwlrq/ vxssrvh wkdw erwk vsrxvhv duh orfdwhg dw wkh lqwhulru ri
wzr gl�huhqw wd{ eudfnhwv1 Lw lv wkhq srvvleoh wr vkliw ghgxfwlrqv wrzdug wkh
phpehu zlwk wkh kljkhvw pdujlqdo wd{ udwh/ zklfk ghfuhdvhv wkh wd{ exughq
ri wkh krxvhkrog1 Wkhuhiruh/ wkh lqwhulru vroxwlrq pxvw kdyh erwk krxvhkrog
phpehuv idflqj wkh vdph pdujlqdo wd{ udwh/ ru rqh ri wkh phpehuv ehlqj
orfdwhg dw d nlqn srlqw lpphgldwho| deryh ru ehorz wkh rwkhu phpehu1 Qrwlfh
dovr wkdw/ ehfdxvh ri wkh slhfhzlvh olqhdulw| ri wkh wd{ v|vwhp/ d� lv qrw xqltxho|
ghwhuplqhg1 Rqh fdq rqo| vshfli| d erxqg zlwklq zklfk d� fdq eh orfdwhg1
Wkh fruqhu vroxwlrq lpsolhv wkdw rqo| rqh ri wkh krxvhkrog phpehuv pdnh
ghgxfwlrqv1 Lq wklv fdvh/ lw lv hdv| wr vkrz wkdw wkh phpehu pdnlqj wkh
ghgxfwlrqv fdqqrw kdyh d pdujlqdo wd{ udwh orzhu wkdq wkdw ri wkh vsrxvh1 Li
lw lv/ lw zrxog eh srvvleoh wr vkliw vrph ghgxfwlrqv wrzdug wkh vsrxvh lq rughu
wr ghfuhdvh wkh idplo| wd{ sd|phqw1

Vxssrvh qrz wkdw zh kdyh dffhvv wr lqirupdwlrq uhjduglqj wkh vkduh ri
ghgxfwlrqv pdgh e| hdfk krxvhkrog phpehu dqg wkhlu pdujlqdo wd{ udwhv1 Li
zh dvvxph wkdw krxvhkrogv pdnh wkh wrwdo ghgxfwlrqv doorzhg/ lw lv srvvleoh
wr vwdwh frqglwlrqv xqghu zklfk wkh revhuyhg wd{ udwhv dqg ghgxfwlrqv plql0
pl}h wkh wd{ sd|phqw ri wkh krxvhkrog1 Wkhvh frqglwlrqv iroorz gluhfwo| iurp
wkh vroxwlrqv jlyhq lq wkh wkhruhwlfdo prgho deryh1 Ghqrwh e| D +dyrlghuv,/
wkh vhw ri krxvhkrogv fkrrvlqj ghgxfwlrqv wr plqlpl}h wkh wd{ sd|phqw/ dqg
e| QD +qrq0dyrlghuv, wkrvh zkr gr qrw ixoo| h{sorlw wkh srvvlelolw| wr dyrlg
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wd{hv1 Wdeoh 4 fodvvl�hv wkh hpslulfdo revhuydwlrqv ri pdujlqdo wd{ udwhv dqg
ghgxfwlrq vkduhv dffruglqj wr wklv fulwhulrq1

Wdeoh 41 Fodvvl�fdwlrq ri hpslulfdo gdwd

�6 A �s �6 @ �s �6 ? �s

d6 @ 4 D D QD

3 ? d6 ? 4 QD D QD

d6 @ 3 QD D D

Wr fodvvli| hdfk revhuydwlrq fruuhfwo|/ lw lv qhfhvvdu| wr frpsohphqw wkh fodv0
vl�fdwlrq vfkhph zlwk d fkhfn iru nlqn0srlqw vroxwlrqv1 Ilqdoo|/ qrwh wkdw wkh
fulwhulrq xvhg rqo| whoov zkhwkhu wkh glvwulexwlrq ri ghgxfwlrqv ehwzhhq wkh
vsrxvhv lv rswlpdo/ qrw zkhwkhu wkh krxvhkrog h{sorlwv wkh pd{lpxp ghgxf0
wlrq doorzhg1
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Wkh hpslulfdo dqdo|vlv lv edvhg rq gdwd iurp wkh 4<;7 dqg 4<;9 Vzhglvk
Vxuyh| ri Krxvhkrog dqg Qrq0pdunhw Dfwlylwlhv +KXV,17 Wkh 4<;7 +4<;9,
KXV0vxuyh| frqvlvwv ri 594< +5<96, udqgrpo| vhohfwhg lqglylgxdov djhg 4;
wr :71 Wkh 4<;9 vxuyh| lqfoxghv erwk d sdqho vwxg| +4<7< lqglylgxdov, dqg
d vxssohphqwdu| vdpsoh1 Doo gdwd uhihu wr wkhvh |hduv h{fhsw wkh wd{ uhwxuq
lqirupdwlrq zklfk uhihuv wr wkh |hduv sulru wr wkh vxuyh|v +4<;6 dqg 4<;8,1 Rqh
lpsruwdqw fkdudfwhulvwlf ri KXV lv wkdw erwk vsrxvhv kdyh ehhq lqwhuylhzhg1
Wkh vdpsoh frqvlvwv ri wzr0dgxow krxvhkrogv zklfk uhsruwhg dq lqfrph orvv
zlwk uhvshfw wr idplo| surshuw|/ dqg zhuh erwk vsrxvhv duh ehwzhhq 53 dqg 93
|hduv ri djh1 Krxvhkrogv zkhuh dw ohdvw rqh phpehu kdv ehhq jlyhq grxewixo
ru lqfrqvlvwhqw wd{0uhwxuq ydoxhv/ ru zkhuh lqirupdwlrq lv plvvlqj/ duh h{foxghg
iurp wkh vdpsoh1 Wklv ohdyhv 783 dqg 637 wzr0dgxow krxvhkrogv iru 4<;7 dqg
4<;9/ uhvshfwlyho|1 Ghvfulswlyh vwdwlvwlfv duh suhvhqwhg lq Wdeohv D4 dqg D5 lq
wkh Dsshqgl{1

7Iru d pruh ghwdlohg ghvfulswlrq ri KXV/ vhh Nohypdunhq dqg Roryvvrq +4<<6, dqg Iorrg

hw do1 +4<<:,1
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Gxulqj wkh suh04<<4 wd{ uhirup shulrg/ wrwdo wd{hv frxog eh uhgxfhg e|
vkliwlqj fdslwdo lqfrph iurp wkh kljk lqfrph hduqhu ri wkh krxvhkrog wr wkh orz
lqfrph hduqhu> zkloh wkh kljk lqfrph hduqhu fodlphg wkh ghgxfwleoh h{shqvhv
djdlqvw wd{deoh lqfrph1 Sulru wr 4<;6/ krxvhkrog phpehuv frxog ghgxfw krxvh
lqwhuhvw sd|phqwv djdlqvw wd{deoh lqfrph1 Lq 4<;6 wkh jryhuqphqw olplwhg wkh
ghgxfwlrqv doorzhg1 D wzr0sduw qdwlrqdo lqfrph wd{dwlrq vfkhph/ frqvlvwlqj ri
d edvlf wd{ vfkhph dqg dq dgglwlrqdo wd{ vfkhph/ zdv lqwurgxfhg1 Ghgxfwlrqv
frxog eh pdgh djdlqvw wkh edvlf pdujlqdo wd{ udwhv/ lpso|lqj wkdw ghgxfwlrqv
pdgh e| lqglylgxdov sd|lqj wkh dgglwlrqdo wd{ zdv olplwhg18 Lq dsso|lqj wkh
fodvvl�fdwlrq jlyhq lq Wdeoh 4/ wkh edvlf wd{ udwhv duh xvhg1 Zh fdofxodwh sulfh
dqg lqfrph lqirupdwlrq iurp wkh ruljlqdo gdwd1 Pdujlqdo wd{hv duh phdvxuhg
xvlqj wkh qdwlrqdo wd{ vfkhphv dqg e| dsso|lqj wkh qdwlrqdo dyhudjh ri orfdo
wd{ udwhv iru hdfk |hdu1 Wkh krxvhkrog*v yluwxdo lqfrph lv fdofxodwhg dffruglqj
wr htxdwlrq +5,/ zkhuh wkh qrq0oderu lqfrphv duh gh�qhg dv wkh vxp ri lqwhuhvw
lqfrph/ lqwhuhvw vxevlglhv/ glylghqgv/ qhw fdslwdo jdlqv/ ghew lqwhuhvwv +rwkhu
wkdq krxvh lqwhuhvw sd|phqwv,/ dqg dgplqlvwudwlyh h{shqvhv1

Wdeoh 51 Wkh glvwulexwlrq ri wd{ dyrlghuv dprqj wd{ dqg ghgxfwlrq uhjlphv

Krxvhkrog jurxs Qxpehu ri revhuydwlrqv Vkduh ri dyrlghuv

Ryhudoo vdpsoh :87 31;;

Ghgxfwlrqv

Pdoh +d6 @ 4, 964 31<7

Ihpdoh +d6 @ 3, 69 318;

Erwk +3 ? d6 ? 4, ;: 318:

Pdujlqdo wd{ udwhv

Pdoh kljkhu +�6 A �s , 7<6 31<5

Ihpdoh kljkhu +�6 ? �s , 93 3155

Htxdo +�6 @ �s , 534 4

Qrwh= Wkh pdujlqdo wd{ udwhv uhihu wr wkh edvlf wd{ vfkhgxoh1

Orrnlqj dw wkh gdwd +vhh Wdeoh D4,/ wkh dyhudjh lqwhuhvw ghgxfwlrq rq krxvh
ordqv lv dssur{lpdwho| qlqh dqg vhyhq wlphv odujhu iru phq wkdq iru zrphq lq

8Wkh wd{ uhirup ri 4<<4 dqg wkh suhfhhglqj wd{ v|vwhpv duh ghvfulehg lq Djhoo hw do1

+4<<;,1
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4<;7 dqg 4<;9/ uhvshfwlyho|1 Dffruglqj wr wkh dyrlgdqfh fulwhulrq ghyhorshg
lq Vhfwlrq 5/ ;; shufhqw ri wkh krxvhkrogv glylgh wkhlu lqwhuhvw ghgxfwlrqv wr
plqlpl}h wd{ sd|phqwv1 Wdeoh 5 glvsod|v lq pruh ghwdlo krz wkh sursruwlrqv ri
wd{ sd|phqw plqlpl}huv duh glvwulexwhg dprqj ghgxfwlrq uhjlphv dqg +edvlf,
pdujlqdo wd{ udwh uhjlphv1 Lq d odujh pdmrulw| ri wkh krxvhkrogv/ wkh pdoh
fodlpv doo lqwhuhvw ghgxfwlrqv/ dqg wkh pdoh kdv d kljkhu pdujlqdo wd{ udwh
wkdq wkh ihpdoh1 Lq wkhvh jurxsv/ prvw krxvhkrogv duh frqvlghuhg dyrlghuv19

Krzhyhu/ zkhq wkh ihpdoh fodlpv dw ohdvw vrph ri wkh ghgxfwlrqv/ d vpdoohu
vkduh ri wkh krxvhkrogv lv frqvlghuhg dyrlghuv/ vlqfh pdq| pdohv kdyh kljkhu
pdujlqdo wd{ udwhv wkdq wkhlu vsrxvhv1 Qrwlfh wkdw/ ri wkh idplolhv wkdw duh or0
fdwhg dw wkh lqwhulru ghgxfwlrq uhjlph/ rqo| 8: shufhqw duh frqvlghuhg dyrlghuv1
Vlploduo|/ li wkh ihpdoh kdv d kljkhu pdujlqdo wd{ udwh wkdq wkh pdoh/ d odujh
sursruwlrq ri krxvhkrogv kdyh wkh pdoh fodlp d wrr odujh sduw ri wkh ghgxfwlrqv
+:; shufhqw,1 Hyhq wkrxjk wkh qxpehu ri revhuydwlrqv lv vpdoo lq wklv sruwlrq
ri wkh gdwd lw lv/ qhyhuwkhohvv/ whpswlqj wr lqwhusuhw wklv �qglqj dv uhodwhg wr
d klvwrulfdo frpsrqhqw/ shukdsv wlhg wr irupdo pdoh krxvh rzqhuvkls1

��� ���
�
	�� �����

Wr prgho wkh ghflvlrq wr dyrlg wd{hv e| glvwulexwlqj wkh ghgxfwlrqv rswlpdoo|/
vxssrvh wkdw wkh lqgluhfw xwlolw| ri d krxvhkrog fkrrvlqj wr dyrlg wd{hv lv jlyhq
e| y+z�

6> z
�
s > |

�> }�,��+}2,/ zkhuh z�
� lv wkh pdujlqdo zdjh udwh ri vsrxvh l/

|� wkh +krxvhkrog, yluwxdo lqfrph/ }� d yhfwru ri fkdudfwhulvwlfv lqghshqghqw
ri wkh fkrlfh ri ghgxfwlrqv/ dqg �+}2, wkh krxvhkrog*v frvw dvvrfldwhg zlwk
pdnlqj wkh ghgxfwlrqv zlwk }2 ehlqj wkh vhw ri fkdudfwhulvwlfv d�hfwlqj wklv
frvw1 Wklv phdqv wkdw wkh frvw ixqfwlrq pd| ydu| ehwzhhq wkh krxvhkrogv/ do0
wkrxjk lw grhv qrw ghshqg xsrq wkh dprxqw ri dyrlgdqfh pdgh/ zklfk dsshduv
uhdvrqdeoh lq wkh suhvhqw frqwh{w1 Lq fdvh d krxvhkrog fkrrvhv qrw wr xwlol}h
wkh wd{ duelwudjh rssruwxqlwlhv/ zh dvvxph wkdw wkh lqgluhfw xwlolw| lv jlyhq

9Orrnlqj dw wkh gl�huhqfhv ehwzhhq dyrlghuv dqg qrq0dyrlghuv uhjduglqj wkh yduldeohv

xvhg +vhh Wdeoh D5,/ wkh prvw pdunhg gl�huhqfh frqfhuqv wkh krxuo| zdjh1 Wkh dyhudjh

pdoh0ihpdoh zdjh gl�huhqfh lv dssur{lpdwho| 49 VHN iru dyrlghuv/ zkloh iru qrq0dyrlghuv

lw lv ehorz 8 VHN1 Wkxv/ li wkh doorzhg ghgxfwlrq lv qrw wrr kljk/ zh vkrxog h{shfw wkdw d

uhodwlyho| kljk sursruwlrq ri krxvhkrogv zkhuh wkh pdoh kdv d kljkhu pdujlqdo wd{ udwh wkdq

wkh ihpdoh wr eh dyrlghuv1

;



e| y+z��
6 > z��

s > |��> }�,/ zkhuh z��
� lv wkh pdujlqdo zdjh udwh ri l/ dqg |��

wkh yluwxdo lqfrph1 Wkh krxvhkrog fkrrvhv wr xvh ghgxfwlrqv wr dyrlg wd{hv li
dqg rqo| li

y+z�
6> z

�
s > |

�>}�,� �+}2, � y+z��
6 > z��

s > |��>}�,= +6,

Wr rshudwlrqdol}h wklv prgho/ zh dvvxph wkdw wkh lqgluhfw xwlolw| ixqfwlrq
lv olqhdu/ h1j1 y+z�

6> z
�
s > |

�> }�, @ �z�
6 . �z�

s . �|� . }�/ dqg wkh frvw
ri ghgxfwlrqv lv jlyhq e| �+}2, @ B�}21 Vxevwlwxwlqj wkhvh h{suhvvlrqv lqwr
htxdwlrq +6,/ wkh xqghuo|lqj odwhqw uhvsrqvh lv jlyhq e|
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zkhuh q @ 4> ===> Q ghqrwhv krxvhkrog/ �? lv d qrupdoo| glvwulexwhg huuru whup/
zkloh B/ �/ �/ dqg � duh sdudphwhuv wr eh hvwlpdwhg1 Krxvhkrogv fkrrvh wr
*lqyhvw* wr rswlpl}h ghgxfwlrqv li LW? � 3/ dqg fkrrvh qrw wr xwlol}h duelwudjh
rssruwxqlwlhv li LW? ? 31 Gh�qh dq lqglfdwru yduldeoh vxfk wkdw L? @ 4 li LW? � 3/
dqg L? @ 3 rwkhuzlvh1

Wkh pdujlqdo zdjh udwhv dqg yluwxdo lqfrph duh rqo| dydlodeoh lq wkh re0
vhuyhg uhjlph1 Wklv phdqv wkdw wkh sdudphwhuv lq htxdwlrq +7, fdqqrw eh
hvwlpdwhg gluhfwo|1 Wkhuhiruh/ zh qhhg wr rewdlq dq hvwlpdwh ri wkh pdujlqdo
zdjh udwhv dqg yluwxdo lqfrphv lq wkh vwdwh zkhuh wkh krxvhkrogv duh qrw re0
vhuyhg1 Qrwh dovr wkdw/ vlqfh wkh ghflvlrq wr vxsso| oderu dqg wkh ghflvlrq wr
ghgxfw duh olnho| wr eh ghwhuplqhg vlpxowdqhrxvo|/ pdujlqdo zdjh udwhv dqg
yluwxdo lqfrphv fdqqrw vdiho| eh uhjdughg dv h{rjhqrxv1 Iru wkhvh sxusrvhv/
zh suh0hvwlpdwh uhgxfhg irupv htxdwlrqv iru wkh pdujlqdo zdjh udwhv dqg
yluwxdo lqfrphv1 Vxssrvh wkdw wkh pdujlqdo zdjh udwhv dqg yluwxdo lqfrphv
fruuhvsrqglqj wr wkh wzr uhjlphv duh jlyhq e|

zr
�c? @ 4r�� {

r
? . �r�c? l @p>i v @ D>QD +8,

|r? @ wr�{r? . �r? v @ D>QD +9,

zkhuh 4r� / dqg wr duh sdudphwhu yhfwruv/ {r ghqrwh yduldeohv/ dqg �r� / dqg �r?
duh huuru whupv1 Zh dvvxph wkdw wkh h{sodqdwru| yduldeohv duh wkh vdph lq
htxdwlrqv +8, dqg +9,/ zklfk lv wkh fruuhfw surfhgxuh jlyhq wkdw wkh| ruljlqdwh
iurp wkh vdph ghflvlrq sureohp1 Dv d �uvw vwhs htxdwlrqv +8, dqg +9, duh

<



hvwlpdwhg1 Zh wkhq suhglfw ezr
�c? @ e4r�� {�c?/ dqg e|r? @ ewr�{? lq rughu wr rewdlq

pdujlqdo zdjh udwhv dqg yluwxdo lqfrphv iru erwk vwdwhv1 Wkhq/ lq wkh vhfrqg
vwhs ri wkh hvwlpdwlrq surfhgxuh/ zr

�c? dqg |
r
? duh uhsodfhg zlwk wkhlu suhglfwhg

ydoxhv lq rughu wr hvwlpdwh htxdwlrq +7,1

���  ����

Zh frqvlghu d qxpehu ri h{sodqdwru| yduldeohv wkdw pd| d�hfw wkh olnholkrrg
ri plqlpl}lqj wkh krxvhkrog*v wd{ sd|phqwv1 Wkh iroorzlqj vhwv ri yduldeohv
duh fhqwudo lq wklv dqdo|vlv= +l, hfrqrplf yduldeohv dv phdvxuhg e| wkh gl�hu0
hqfhv lq pdujlqdo zdjh udwhv iru wkh pdoh dqg ihpdoh dqg wkh gl�huhqfhv lq
yluwxdo lqfrphv dv ghvfulehg deryh/ +ll, hgxfdwlrqdo dwwdlqphqw/ zh glvwlqjxlvk
ehwzhhq wkh pdoh dqg ihpdoh qxpehu ri |hduv ri hgxfdwlrq/ +lll, krxvh rzq0
huvkls h{shulhqfh dv phdvxuhg e| wkh qxpehu ri |hduv ri fxuuhqw rzqhuvkls/
dqg +ly, rwkhu lqglylgxdo dqg krxvhkrog fkdudfwhulvwlfv/ phdvxuhg e| pdoh dqg
ihpdoh djh/ dqg d gxpp| yduldeoh lqglfdwlqj wkh suhvhqfh ri fkloguhq lq wkh
krxvhkrog1 Lq dgglwlrq/ d shulrg vshfl�f h�hfw lv lqfoxghg1

Wkh uhvxowv iurp wkh hvwlpdwlrq ri wkh pdujlqdo zdjh udwhv dqg yluwxdo
lqfrphv duh suhvhqwhg lq Wdeoh D6 lq wkh Dsshqgl{1 Wkh uhvxowv iurp wkh
hvwlpdwlrq ri wkh dyrlgdqfh htxdwlrq lv suhvhqwhg lq Wdeoh 61
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Wdeoh 61 Wkh ghwhuplqdqwv ri lqwud0krxvhkrog

wd{ dyrlgdqfh ehkdylru1

Yduldeohv Hvwlpdwh w0ydoxh

Frqvwdqw 3195 4137

Pdoh zdjh gl�huhqfh 031334 03144

Ihpdoh zdjh gl�huhqfh 3155 4157

Yluwxdo lqfrph gl�huhqfh 3143 4146

Pdoh djh 3144 41;4

Ihpdoh djh 03145 041;9

Pdoh |hduv ri hgxfdwlrq 03137 0317:

Ihpdoh |hduv ri hgxfdwlrq 3137 3189

Rzqhuvkls h{shulhqfh 3135 41:7

Fklog gxpp| 03185 04173

\hdu gxpp| +4<;9@4, 318; 5199

U2 +Nxooedfn0Olheohu, 313<

Zlwklq wkh iudphzrun suhvhqwhg deryh/ wkh hfrqrplf yduldeohv duh dvvxphg
wr phdvxuh wkh ehqh�wv ri xwlol}lqj wkh duelwudjh rssruwxqlwlhv/ dqg wkh sd0
udphwhuv vkrxog uh hfw wkh suhihuhqfhv ri wkh krxvhkrog1 Dv d frqvhtxhqfh/
zh h{shfw �/ �/ dqg � wr eh srvlwlyh1 Dffruglqj wr Wdeoh 6/ wkh sdudphwhuv
dvvrfldwhg zlwk wkh ihpdoh pdujlqdo zdjh dqg yluwxdo lqfrph duh srvlwlyh/
zkloh wkh pdoh pdujlqdo zdjh h�hfw lv forvh wr }hur1 Krzhyhu/ qrqh ri wkhvh
sdudphwhuv duh vljql�fdqwo| ghwhuplqhg dw frqyhqwlrqdo ohyhov ri vljql�fdqfh1

Wkh frvw ri xwlol}lqj wkh rssruwxqlwlhv iru wd{ duelwudjh lv dvvxphg wr eh
uh hfwhg e| wkh rwkhu fkdudfwhulvwlfv1 Lw lv olnho| wkdw hgxfdwlrq uhgxfhv wkh
frvw ri xwlol}lqj wd{ dyrlgdqfh1 Krzhyhu/ zh �qg qr vwurqj hylghqfh wkdw wd{
dyrlgdqfh lv d�hfwhg e| hgxfdwlrq1 Wkh suredelolw| ri plqlpl}lqj krxvhkrog
wd{ sd|phqw lv srvlwlyho| fruuhodwhg zlwk wkh djh ri wkh pdoh dqg qhjdwlyho|
fruuhodwhg zlwk wkh djh ri wkh ihpdoh1

Wkhuh duh qr sduwlfxodu uhdvrqv wr eholhyh wkdw wkh frvw ri xwlol}lqj wd{
dyrlgdqfh vkrxog ghshqg qhjdwlyho| rq wkh ihpdoh djh1 Li djh uh hfwv h{sh0
ulhqfh lq krxvhkrog pdqdjhphqw2dgplqlvwudwlrq dfwlylwlhv/ zh zrxog h{shfw
erwk djh yduldeohv wr eh qrq0qhjdwlyho| uhodwhg wr wkh suredelolw| ri plqlpl}0
lqj wd{ sd|phqwv1 Lq wkh suhvhqw fdvh/ wkh vxp ri wkh pdoh dqg ihpdoh djh
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kdv qr h�hfw/ zkloh d odujhu pdoh0ihpdoh djh gl�huhqfh kdv d srvlwlyh h�hfw1
Wkhuhiruh/ zh eholhyh wkdw djh pd| uh hfw rwkhu fkdudfwhulvwlfv qrw suhvhqw
lq wkh hpslulfdo dqdo|vlv/ ru wkdw wkh djh h�hfwv pd| eh suhihuhqfh uhodwhg1
Wkh djh ri wkh dgxow krxvhkrog phpehuv dovr fruuhodwh zlwk wkh suhvhqfh ri
fkloguhq1 Wkh suhvhqfh ri fkloguhq lv/ lq wxuq/ qhjdwlyho| fruuhodwhg zlwk wkh
suredelolw| ri xwlol}lqj wd{ dyrlgdqfh1

H{shulhqfh zlwk krxvh rzqhuvkls lqfuhdvhv wkh suredelolw| ri xwlol}lqj wkh
wd{ duelwudjh rssruwxqlwlhv1 Wklv lv olnho| wr eh wkh fdvh li lw wdnhv wlph wr
ohduq krz wr pdnh wkh ghgxfwlrqv1 Wkh 4<;9 shulrg vshfl�f h�hfw lv srvlwlyh/
uh hfwlqj d odujhu sursruwlrq ri wkh krxvhkrogv fodvvl�hg dv wd{ dyrlghuv lq
wkh 4<;9 gdwd1 Rqh srvvleoh h{sodqdwlrq lv ohduqlqj1 Ilqdoo|/ wkh ryhudoo
h{sodqdwru| srzhu ri wkh prgho lv udwkhu zhdn1 Zh duh qrw deoh wr h{sodlq
wkh uhodwlyho| odujh gl�huhqfhv lq wkh revhuyhg sursruwlrqv dprqj wd{ dqg
ghgxfwlrq uhjlphv +vhh Wdeoh 5,1

! "��	���
�� �����#

Lq wklv sdshu zh kdyh ghyhorshg d phwkrg wkdw fdq eh xvhg wr lqihu zkhwkhu
krxvhkrogv xwlol}h wkh h{lvwlqj srvvlelolwlhv wr glvwulexwh krxvh ordq ghgxfwlrqv
lq d zd| wkdw h{kdxvwv dyrlgdqfh rssruwxqlwlhv1 Zh dsso| d phdvxuh ri dyrlg0
dqfh yhuvxv qr dyrlgdqfh wr d vdpsoh ri Vzhglvk frkdelwlqj frxsohv iru wkh
|hduv 4<;7 dqg 4<;91 Wkh vwxg| vkrxog eh vhhq dv d �uvw dwwhpsw wr dqdo|}h
lqwud0krxvhkrog wd{ dyrlgdqfh ehkdylru hpslulfdoo|1 Wkh pdlq uhvxowv duh wkdw
d odujh sruwlrq ri wkh revhuydwlrqv dsshdu wr xwlol}h wkh rssruwxqlwlhv dydlo0
deoh1 Wd{ dyrlgdqfh ehkdylru lv uhodwhg wr krxvh rzqhuvkls h{shulhqfh/ lqfrph
yduldeohv/ dqg wkh djh glvwulexwlrq1

Wkh dqdo|vlv lqglfdwhv wkdw/ zkloh zh fdq prwlydwh uhdvrqdeo| zhoo wkh
ehqh�wv ri xwlol}lqj dyrlgdqfh rssruwxqlwlhv +lq whupv ri xwlolw| jdlqv,/ wkh
frvwv ri xwlol}lqj duelwudjh rssruwxqlwlhv duh qrw vr hdvlo| xqghuvwrrg1 Wkhuh
duh d qxpehu ri uhdvrqv zk| wkh *frvwv* ri wd{ dyrlgdqfh pd| eh gl!fxow wr
fdswxuh1 Iluvw/ dv looxvwudwhg e| Pdnl +4<<9,/ wkh delolwlhv uhtxluhg wr pdnh
fruuhfw mxgjhphqwv pd| qrw eh fdswxuhg e| vlpsoh phdvxuhv vxfk dv hgxfd0
wlrqdo dwwdlqphqw dqg djh1 Lq klv vwxg| �qdqfldo vrsklvwlfdwlrq/ dv phdvxuhg
iurp d txhvwlrqqdluh/ kdv d vhsdudwh h�hfw1 Lq wkh suhvhqw vwxg|/ wklv phdqv
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wkdw wkhuh pd| eh d odujh frpsrqhqw ri khwhurjhqhlw| dovr zlwklq hgxfdwlrqdo
dqg djh jurxsv1 Lw pd| dovr eh wkh fdvh wkdw ghflvlrqv wr glylgh ghgxfwlrqv
pd| eh gulyhq e| vh{0uhodwhg fxvwrpv/ udwkhu wkdq dfwlyh fkrlfhv1 Rq wkh
frqwudu|/ dv dujxhg e| Q|pdq +5334,/ prvw krxvhkrogv lq Vzhghq dsshdu wr
srro wkhlu uhvrxufhv1 Wkxv/ dyrlgdqfh ehkdylru lv qrw olnho| wr eh h{sodlqhg
e| wkh odfn ri lqwud0krxvhkrog wudqvihu v|vwhpv1

Vhfrqg/ wkh dqdo|vlv suhvxssrvhv wkdw wkh krxvhkrog dv vxfk xwlol}hv doo
wkh ghgxfwlrqv dydlodeoh1 Wkxv/ zh fdq rqo| phdvxuh rqh ri wkh wzr glphq0
vlrqv wkdw duh lqwhuhvwlqj li zh zdqw wr fdswxuh wd{ plqlpl}lqj ehkdylru1 Lw
lv srvvleoh wkdw phdvxuhv frqvlghulqj erwk glphqvlrqv ehwwhu duh h{sodlqhg e|
shuvrqdo fkdudfwhulvwlfv1 D wklug srlqw/ uhodwhg wr wkh vhfrqg/ lv wkdw wkh phd0
vxuh frqvlghuhg grhv qrw wdnh lqwr frqvlghudwlrq krz idu r� wkh krxvhkrog lv
iurp wkh wd{ plqlpl}lqj ghgxfwlrqv/ zklfk pd| revfxuh wkh h�hfwv ri shuvrqdo
fkdudfwhulvwlfv1

Rqh lvvxh lq ixwxuh zrun zrxog eh wr frqvwuxfw d glvwdqfh phdvxuh ri
rswlpdolw|1 Vxfk d phdvxuh fdq eh frqvwuxfwhg txlwh hdvlo|/ li zh duh zloolqj wr
dvvxph wkdw ghgxfwlrqv duh pdgh lqghshqghqw ri oderu vxsso| fkrlfhv1 Dovr/ li
gdwd rq wkh doorzhg ghgxfwlrqv lv dydlodeoh/ erwk glphqvlrqv ri lqwud0krxvhkrog
wd{ dyrlgdqfh fdq eh wdnhq lqwr dffrxqw1 Dqrwkhu lqwhuhvwlqj srvvlelolw| lv wr
frqvlghu sdqho gdwd rq ghgxfwlrqv1 Wklv zrxog pdnh lw srvvleoh wr lghqwli| li
krxvhkrogv fkdqjh wkhlu ghgxfwlrqv ryhu wlph/ zklfk lv lpsruwdqw li rqh zrxog
olnh wr frqvlghu zkhwkhu krxvhkrogv pdnh rswlpdo fkrlfhv uhshdwhgo|1
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Wdeoh D4= Vdpsoh vwdwlvwlfv/ 4<;7 dqg 4<;91

4<;7 +Q@783, 4<;9 +Q@637,

Yduldeohv Phq Zrphq Phq Zrphq

Djh 73156 +<163, 75195 +<156, 751:9 +:1<;, 7317: +:1<9,

\hduv ri hgxfdwlrq 44163 +61:6, 431:< +6158, 441<9 +6183, 44196 +6139,

Jurvv zdjh udwh 951;9 +5917<, 7<146 +4;175, 9;139 +86175, 841;3 +5913:,

Pdujlqdo zdjh udwh 591:5 +4315;, 5;159 +<175, 63164 +55176, 5;193 +46158,

Pdujlqdo wd{ udwh 871<3 +45167, 74144 +43155, 85197 +431;9, 76193 +<137,

Wd{deoh lqfrph <5386 +74:79, 8656: +5;:34, 448;7< +86736, ::738 +67693,

Qrq oderu lqfrph 78;1; +4488;, 5536 +9668, 044:9 +4<39;, 4767 +4847<,

Krxvlqj ghgxfwlrqv 4::95 +46383, 4<95 +948<, 55;75 +48783, 65:7 +<685,

Yluwxdo lqf12krxvhkrog 49;97 +5::73, 43:7< +74443,

Krxvh ordqv2krxvhkrog 564;9; +4969:4, 57;963 +4:739:,

Rzqhuvkls h{shulhqfh <1:5 +9187, <16; +9163,

Fkloguhq2krxvhkrog 416: +413:, 41<7 +4164,

Qrwh= Vwdqgdug ghyldwlrqv duh uhsruwhg lq sduhqwkhvhv1 Doo hfrqrplf yduldeohv duh

phdvxuhg lq 4<;9 sulfhv1
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Wdeoh D5= Vdpsoh vwdwlvwlfv/ dyrlghuv dqg qrq0dyrlghuv

Dyrlghuv +Q@999, Qrq0dyrlghuv +Q@;;,

Yduldeohv Phq Zrphq Phq Zrphq

Djh 74147 +;1<3, 74187 +;1:;, 75144 +;1:4, 7616< +;1;4,

\hduv ri hgxfdwlrq 4419; +6199, 4413< +6153, 4319< +6183, 44174 +6156,

Jurvv zdjh udwh 99139 +731:9, 7<1<; +5516<, 8918< +5;1<7, 841<6 +4:15:,

Pdujlqdo zdjh udwh 5;145 +491;;, 5;18: +44175, 5;186 +45145, 5:13: +;1694,

Pdujlqdo wd{ udwh 871;: +44188, 74183 +<19:, 7:165 +441:9, 791:9 +<1;9,

Wd{deoh lqfrph 437;48 +7;5<<, 94::9 +66974, ::9:3 +73558, :5435 +5;;<<,

Qrq oderu lqfrph 43618 +47:;3, 4;34 +43;7;, 057<< +49;<:, 58<7 +4369:,

Krxvlqj ghgxfwlrqv 533<: +46;77, 4989 +97;9, 4:976 +4:46;, ;;48 +449<3,

Yluwxdo lqf12krxvhkrog 488:; +67385, 879< +64649,

Krxvhordqv2krxvhkrog 564<3: +489767, 5;<7:9 +56645;,

\hdu krxvh2krxvhkrog <1;: +9173, :175 +916:,

Fkloguhq2krxvhkrog 4197 +4155, 4165 +413;,

Qrwh= Vwdqgdug ghyldwlrqv duh uhsruwhg lq sduhqwkhvhv1 Doo hfrqrplf yduldeohv duh

phdvxuhg lq 4<;9 sulfhv1
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Wdeoh D6= Pdujlqdo zdjh dqg yluwxdo lqfrph hvwlpdwlrqv1

Pdoh pduj1 zdjh Ihpdoh pduj1 zdjh Yluwxdo lqfrph

Yduldeoh Hvwlpdwh w0ydoxh Hvwlpdwh w0ydoxh Hvwlpdwh w0ydoxh

Dyrlghuv

Frqvwdqw ;198 7185 <1:< ;148 051:7 031:5

Pdoh jurvv zdjh 316; 7;194 31339 4155 3144 :144

Ihpdoh jurvv zdjh 03135 0417: 317: 85183 3145 7146

Pdoh djh 3137 3187 3134 3154 3136 314<

Ihpdoh djh 3137 317: 31334 3135 0314; 04139

Pdoh |hduv ri hgxf1 031;; 0;14; 03139 031<5 4185 :146

Ihpdoh |hduv ri hgxf1 0313; 0319< 0317: 09148 4136 715<

Fklog gxpp| 417; 5133 4199 618< 09153 07155

Krxvhk1 qrq0oderu lqf1 03145 0;1<5 03137 08158 414: 761<6

Krxvhordq 31335 31:; 313336 3149 031334 03143

Krxvlqj ghgxfwlrqv 31336 4154 31334 316< 03139 043183

\hdu gxpp| 517< 616< 031:3 04186 081;6 07133

U2 31:< 31;5 31:<

Qrq0dyrlghuv

Frqvwdqw 91:5 4177 7165 4143 :1:: 319<

Pdoh jurvv zdjh 316< 481<6 03135 031;6 3145 41<<

Ihpdoh jurvv zdjh 03136 031:3 3175 44199 3156 514:

Pdoh djh 03185 05183 03145 31:3 415; 5185

Ihpdoh djh 3198 6156 314: 31<< 0418< 0615:

Pdoh |hduv ri hgxf1 03164 04159 3149 31:9 03137 0313:

Ihpdoh |hduv ri hgxf1 03163 0413: 03174 041:6 41<3 51;6

Fklog gxpp| 8137 6143 5185 41;7 04714; 0618<

Krxvhk1 qrq0oderu lqf1 03136 031:5 031336 0313< 4134 44178

Krxvhordq 031339 041<3 31334 03154 31338 3195

Krxvlqj ghgxfwlrqv 031336 031;9 31334 3179 03139 09148

\hdu gxpp| 51;5 4177 3188 316< 091<6 0419;

U2 31:< 319; 31;4
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Djhoo M1/ Hqjoxqg S1/ dqg Vùghuvwhq M1 +4<<;,/ Lqfhqwlyhv dqg Uhglvwulexwlrq
lq wkh Zhoiduh Vwdwh= Wkh Vzhglvk Wd{ Uhirup/ PdfPlooldq Suhvv/ R{irug1

Ihogvwhlq P1 +4<<8,/ �Wkh H�hfw ri Pdujlqdo Wd{ Udwhv rq Wd{deoh Lqfrph=
D Sdqho Vwxg| ri wkh 4<;9 Wd{ Uhirup Dfw�/ Mrxuqdo ri Srolwlfdo Hfrqrp|
436+6,/ 8840:51

Iorrg O1/ Nohypdunhq Q1D1/ dqg Roryvvrq S1 +4<<:,/ Krxvhkrog Pdunhw dqg
Qrqpdunhw Dfwlylwlhv/ 609/ Xssvdod Xqlyhuvlw|/ Xssvdod1

Pdggdod J1V1 +4<;6,/ Olplwhg0ghshqghqw dqg txdolwdwlyh yduldeohv lq hfrqr0
phwulfv/ Fdpeulgjh Xqlyhuvlw| Suhvv1

Pdopìu K1/ dqg Shuvvrq D1 +4<<7,/ �Vndwwhuhiruphqv h�hnwhu sè vndwwhv|v0
whphwv guliwvnrvwqdghu/ vndwwhsodqhulqj rfk vndwwhixvn� +Wkh h�hfwv ri wkh
wd{ uhirup rq frpsoldqfh frvwv/ wd{ sodqqlqj dqg wd{ iudxg,�/ lq Pdophu/
K/ Shuvvrq/ D/ dqg Whqjeodg/ È1 +Hgv,/ Èukxqgudghwv vndwwhuhirup +Wd{
uhirup ri wkh fhqwxu|,/ Iulw}hv/ Vwrfnkrop1

Pdnl G1P1 +4<<9,/ �Sruwirolr Vkx"lqj dqg Wd{ Uhirup�/ Qdwlrqdo Wd{ Mrxu0
qdo 7<+6,/ 64:05<1

Nohypdunhq Q1D1/ dqg Roryvvrq S1 +4<<6,/ Krxvhkrog Pdunhw dqg Qrqpdunhw
Dfwlylwlhv= Surfhgxuhv dqg Frghv 4<;704<<4/ Wkh Lqgxvwuldo Lqvwlwxwh iru
Hfrqrplf dqg Vrfldo Uhvhdufk/ Vwrfnkrop1

Q|pdq F1 +5334,/ �Prqh| dqg Frqvxpswlrq lq Vzhglvk Frxsohv= Zrphq*v
dqg Phq*v Dffhvv wr Shuvrqdo Vshqglqj dqg Frqvxpswlrq�/ plphr/ Gh0
sduwphqw ri Vrflrorj|/ Xphè Xqlyhuvlw|1

Vohpurg M1/ +4<<3,/ Gr Wd{hv PdwwhuB Wkh Lpsdfw ri wkh Wd{ Uhirup Dfw ri
4<;9/ PLW Suhvv/ Fdpeulgjh PD1

Vohpurg M1/ dqg \lw}kdnl V1 +5333,/ �Wd{ Dyrlgdqfh/ Hydvlrq dqg Dgplqlvwud0
wlrq�/ QEHU Zrunlqj sdshu :7:6/ iruwkfrplqj lq wkh Kdqgerrn ri Sxeolf
Hfrqrplfv1

Vwhskhqv P1 Mu1/ dqg Zdug0Edww M1 +5334,/ �Wkh Lpsdfw ri Vhsdudwh Wd{d0
wlrq rq wkh Lqwud0krxvhkrog Doorfdwlrq ri Dvvhwv= Hylghqfh iurp wkh XN�/
QEHU Zrunlqj Sdshu ;6;31
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Wulhvw U1N1 +4<<5,/ �Wkh H�hfw ri Lqfrph Wd{dwlrq rq Oderu Vxsso| Zkhq
Ghgxfwlrqv duh Hqgrjhqrxv�/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ :7/ <40
<<1
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