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Lqihfwlrxv glvhdvh dqg hfrqrplf jurzwk= wkh fdvh ri wxehufxorvlv1

G1 Ghoilqr/ S1 M1 Vlpprqv

Ghsduwphqw ri Hfrqrplfv dqg Uhodwhg Vwxglhv
Xqlyhuvlw| ri \run 0 \run +XN,

gg43<C|run1df1xn sv4C|run1df1xn

Devwudfw1 Zh frqvlghu wkh olqnv ehwzhhq wkh khdowk vwuxfwxuh ri wkh srsxod0

wlrq dqg wkh surgxfwlyh v|vwhp ri dq hfrqrp| wkdw lv vxemhfw wr lqihfwlrxv glvhdvh/

lq sduwlfxodu wxehufxorvlv1 Uhylhzlqj wkh prghov ri wxehufxorvlv vxjjhvwv wkdw d

Orwnd0Yrowhuud w|sh v|vwhp fdq fdswxuh wkh g|qdplfv ri hslghplfv1 Zh frpelqh

wklv zlwk d Vrorz0Vzdq jurzwk prgho= rxwsxw lv surgxfhg iurp fdslwdo dqg khdowk|

oderxu> wkh ghprjudsklf sdudphwhuv ri wkh Orwnd0Yrowhuud w|sh v|vwhp duh ixqfwlrqv

ri wkh fdslwdo khdowk| oderxu udwlr1 Zh �qg wkuhh vwdwlrqdu| vwdwhv/ wzr ri zklfk

duh h{whqvlrqv ri srsxodwlrq htxloleuld dqg wkh wklug ri zklfk kdv d srvlwlyh fdslwdo

khdowk| oderxu udwlr1 Wkhuh lv dovr d sduwldo edodqfhg jurzwk sdwk lq zklfk wkhuh lv

qr glvhdvh dqg wkh khdowk| srsxodwlrq dqg fdslwdo vwrfn jurz dw d frpprq udwh exw

wklv sdwk lv xqvwdeoh1 Zh dqdo|vh wkh orfdo g|qdplfv dqg/ lq wkh frqwh{w ri joredo

dqdo|vlv ri wzr h{dpsohv/ �qg wkdw wkh hslghplrorjlfdo0hfrqrplf vwdwlrqdu| vwdwh lv

orfdoo| vwdeoh dqg dq dwwudfwru iru d zlgh udqjh ri lqlwldo frqglwlrqv1 Wkh zd| lq

zklfk wkh qhw eluwk udwh ri vxvfhswleohv uhvsrqgv wr survshulw| ghwhuplqhv wkh ohyho

ri wkh vwdwlrqdu| vwdwh suhydohqfh ri wkh glvhdvh1 Wkh lqwhudfwlrq ehwzhhq wkh glvhdvh

dqg wkh hfrqrp| fdq dovr ghfuhdvh wkh dpsolwxgh ri hslghplf f|fohv1

41 Lqwurgxfwlrq

Wkhuh lv jrrg hylghqfh wkdw wkh lpsohphqwdwlrq ri wxehufxorvlv4 +WE, frqwuro surjudpphv
edvhg rq wkh xvh ri dqwlwxehufxodu guxjv dqg EFJ ydfflqdwlrqv kdv idlohg wr suhyhqw uhfhqw
WE hslghplfv lq pdq| ghyhorslqj frxqwulhv5 1 Krzhyhu/ lq prvw ghyhorshg frxqwulhv WE
lv qr orqjhu hqghplf |hw zdv frqwuroohg ehiruh wkh ghyhorsphqw ri frpsuhkhqvlyh khdowk
fduh idflolwlhv1

4Wzr pdlq irupv ri WE lq kxpdqv h{lvw= sxoprqdu| WE dqg h{wud0sxoprqdu| WE/ wkh iruphu lv
prvw frpprq dqg lv wkh rqo| lqihfwlrxv irup1 WE ghyhorsv lq wkh kxpdq erg| lq wzr vwdjhv1 Wkh �uvw
vwdjh rffxuv zkhq dq lqglylgxdo zkr lv h{srvhg wr plfur0rujdqlvpv iurp dq lqihfwlrxv fdvh ri WE ehfrphv
lqihfwhg +wxehufxorxv lqihfwlrq,1 Wklv vwdjh lv uhihuuhg wr dv wkh sdvvlyh WE lqihfwlrxv fdvh1 Dq lqglylgxdo*v
ulvn ri lqihfwlrq ghshqgv rq wkh h{whqw ri h{srvxuh wr gursohw qxfohl dqg klv2khu vxvfhswlelolw| wr lqihfwlrq1
Wkh ulvn ri wudqvplvvlrq ri lqihfwlrq iurp d shuvrq zlwk vsxwxp vphdu0qhjdwlyh sxoprqdu| WE lv uhodwlyho|
orz dqg zlwk h{wud0sxoprqdu| WE lv hyhq orzhu1 Wkh ulvn ri lqihfwlrq ri d vxvfhswleoh lqglylgxdo lv kljk
zlwk forvh/ surorqjhg/ lqgrru h{srvxuh wr d shuvrq zlwk vsxwxp vphdu0srvlwlyh sxoprqdu| WE1 Wkh
ghjuhh ri furzglqj dqg ri lqwlpdf| ri h{srvxuh duh wkhuhiruh lpsruwdqw idfwruv1 Wklv vxjjhvwv wkdw wkh
srsxodwlrq g|qdplfv ri WE lv h{wuhpho| vhqvlwlyh wr xuedql}dwlrq1 Vxevhtxhqwo|/ dw d vhfrqg vwdjh/
vrph ri wkh lqglylgxdov zkr kdyh ehfrph lqihfwhg ghyhors wkh glvhdvh iurp wklv lqihfwlrq> wkh dfwlyh WE
lqihfwlrxv fdvh1 Lqglylgxdov duh prvw olnho| wr ghyhors glvhdvh lq wkh shulrg lpphgldwho| iroorzlqj lqihfwlrq
exw wkh| frqwlqxh wr eh h{srvhg wr ulvn ri WE wkurxjkrxw wkh uhpdlqghu ri wkhlu olyhv1 Wkh ghyhorsphqw
ri WE iroorzlqj lqihfwlrq zlwk wxehufxorvlv plfur0rujdqlvpv lv xvxdoo| suhyhqwhg e| wkh lppxqrv|vwhp1
Rqo| d uhodwlyho| orz sursruwlrq ri wkrvh lqglylgxdov zkr kdyh ehhq lqihfwhg zlwk WE ghyhors wkh glvhdvh1
Rqfh lqihfwhg/ wkh olnholkrrg ri ghyhorslqj dfwlyh WE lv 43( lq d olihwlph1 Zkhq wkh surwhfwlrq surylghg
e| wkh lppxqrv|vwhp lv uhgxfhg/ wkh WE plfur0rujdqlvpv zklfk duh grupdqw ehjlq wr pxowlso|/ fdxvlqj
WE glvhdvh1 Frpvwrfn +4<;5,> LXDWOG +4<<9,> Qdughoo hw do1 +4<;9,> Vhsnrzlw} +4<<9,> Zhdwkhudoo
+4<<9,> ZKR +4<<;d,1

5Doyl hw do1 +4<<;,> Gh Frfn/ Fkdlvvrq +4<<<,> Nh|qrq hw do1 +4<<<,> Nlphuolqj hw do1 +4<<<,> Pdgudv
Wxehufxorvlv Lqvwlwxwh Edqjdoruh +4<;3,> Qhwwr hw do1 +4<<<,> Vxpduwrmr +4<<6,> ]xpod +4<<;,1
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Lqihfwlrxv glvhdvh dqg hfrqrplf jurzwk= wkh fdvh ri wxehufxorvlv1 5

Lq wklv sdshu/ uhfrjqlvlqj wkdw phglfdo lqqrydwlrq dqg khdowk wdujhwhg srolflhv kdyh
olplwv lq frqwuroolqj WE/ zh h{soruh zkhwkhu hfrqrplf jurzwk fdq frqwuro wkh vsuhdg ri
wkh glvhdvh1 Lq sduwlfxodu zh h{dplqh wkh olqnv ehwzhhq WE dqg ulvlqj hfrqrplf survshu0
lw| zklfk vwuhqjwkhqv wkh edvlf lppxqh v|vwhp ri lqglylgxdov dqg lpsuryhv wkh jhqhudo
lqiudvwuxfwxuh ri wkh hfrqrp| +lq krxvlqj/ glhw/ zrunlqj frqglwlrqv/ wudqvsruw dqg khdowk
lqiudvwuxfwxuhv,1 Ulvlqj survshulw| fdq vorz wkh glvhdvh wudqvplvvlrq surfhvv erwk wkurxjk
lqfuhdvlqj WE uhvlvwdqfh/ uhgxflqj lqyroxqwdu| lqwhushuvrqdo frqwdfw dulvlqj iurp frqjhv0
wlrq dqg surylglqj d ehwwhu dffhvv wr khdowk fduh dqg vhuylfhv lq xuedq dv zhoo dv lq uxudo
duhdv1

Klvwrulfdoo|/ wkh lpsdfw ri fkdqjhv lq vrfldo dqg hfrqrplf idfwruv rq wkh glvhdvh wudqv0
plvvlrq surfhvv lv revhuydeoh lq wkh WE hslghplfv lq Hxursh dqg Dphulfd iurp wkh odwh
4;wk fhqwxu| wr wkh hduo| 53wk fhqwxu|1 Wkh lqgxvwuldo uhyroxwlrq/ erwk lq Hxursh dqg
Dphulfd dqg sduw ri Diulfd/ surylghg wkh lghdo frqglwlrqv iru wkh hvwdeolvkphqw ri WE wkdw
udslgo| ehfdph wkh sulpdu| fdxvh ri ghdwk1 Wkh jurzwk ri lqgxvwuldo dqg xuedq fhqwuhv/
orqj zrunlqj krxuv dqg srru zrunlqj frqglwlrqv/ orz zdjhv/ ryhufurzghg olylqj txduwhuv/
srru k|jlhqh vwdqgdugv dqg lqdghtxdwh glhw fdxvhg d vkdus lqfuhdvh lq WE pruwdolw|61
Wkh ulvh ri WE lq Hxursh dqg Dphulfd zdv iroorzhg e| d orqj shulrg ri ghfolqh lq wkh
suhydohqfh ri wkh glvhdvh zklfk zdv odujho| lqghshqghqw ri phglfdo lqwhuyhqwlrq +zklfk
uhpdlqhg dssdoolqj wkurxjk prvw ri wkh fhqwxu|,> wkh frqwuro ri WE zdv pruh uhodwhg wr
lpsuryhphqwv lq krxvlqj/ zrunlqj frqglwlrqv dqg qxwulwlrq7 1 Frqwhpsrudu| hylghqfh lv
wkdw sryhuw|/ pdoqxwulwlrq/ ryhufurzghg krxvlqj dqg srru k|jlhqlf frqglwlrqv duh wkh nh|
idfwruv ehklqg wkh uhfhqw vsuhdg ri WE81 Wklv lv sduwlfxoduo| wuxh lq wkh frqwh{w ri gh0
yhorslqj frxqwulhv +vxe0Vdkdudq Diulfd/ Dvld dqg Odwlq Dphulfd, zkhuh wkhuh duh vlplodu
exuvwv ri hfrqrplf jurzwk dqg lqfuhdvhv lq lqhtxdolw| dvvrfldwhg zlwk udslgo| lqfuhdvlqj
xuedqlvdwlrq9 1 Jhrjudsklfdo h{whqvlrqv ri xuedq duhdv duh riwhq dvvrfldwhg zlwk ghwhulr0
udwlqj dqg furzghg olylqj2zrunlqj frqglwlrqv/ vxfk dv odfn ri wudqvsruw/ zdwhu/ gudlqdjh
dqg khdowk fduh gholyhu|/ wkdw kdyh idyrxuhg wkh vsuhdg ri frppxqlfdeoh glvhdvhv +vkdqw|
wrzqv,1 Khdowk vwdwxv kdv ehhq wkhuhiruh frqvlghuhg wr eh lqyhuvho| fruuhodwhg zlwk wkh
ghjuhh ri xuedql}dwlrq: 1

Frqyhuvho|/ wkh khdowk vwdwxv ri wkh srsxodwlrq d�hfwv wkh surgxfwlylw| ri wkh oderxu
irufh dqg khqfh wkh survshulw| ri wkh hfrqrp|1 Wkhuh duh vhyhudo klvwrulfdo h{dpsohv= wkh
lpsruw ri vpdoosr{ wr Plg0Dphulfd lq wkh 49wk fhqwxu| dprqjvw wkh orfdo srsxodwlrq zkr
kdg qr lppxqh uhvlvwdqfh wr wkh glvhdvh ohg wr wkhlu ghflpdwlrq zklfk lq wxuq holplqdwhg
wkh orfdo oderxu irufh iru zrunlqj wkh vloyhu plqhv> wkh sodjxh lq wkh Plggoh Hdvw kdg wkh
h�hfwv ri uhgxflqj wkh surgxfwlyh zrun irufh vr khdylo| wkdw orfdolvhg idplqhv hphujhg;1

6Vwhskhqv +4<<8,1
7Sdfndug +4<;<,1
8Wrjhwkhu zlwk wkh hphujhqfh ri pxowlguxj0uhvlvwdqw vwudlqv ri WE +PGU0WE, dqg wkh jurzwk ri

hqghplf KLY2DLGV lqihfwlrq zklfk frpsurplvhv wkh lppxqh v|vwhp*v delolw| wr frqwuro grupdqw WE
p|fredfwhuld1 Dv vwdwhg e| Zhdwkhudoo hw do1 +4<<9, sdwlhqwv zlwk frqjhqlwdo ru dftxluhg lppxqrvxs0
suhvvlrq duh sduwlfxoduo| surqh wr WE1 KLY lqihfwlrq frqvlghudeo| hqkdqfhv wkh uhdfwlydwlrq udwh ri WE lq
wkh lqihfwhg shuvrq= derxw 43( ri grxeo| lqihfwhg +lqihfwhg zlwk erwk KLY dqg WE, vxvfhswleohv ghyhors
dfwlyh WE hdfk |hdu1 Dv uhsruwhg e| ZKR +4<<<d/ 4<<<e,/ d KLY0srvlwlyh lqglylgxdo zkr lv dovr sdvvlyho|
WE lqihfwhg lv 63 wlphv pruh olnho| wr ehfrph vlfn zlwk WE wkdq d WE lqihfwhg lqglylgxdo zkr lv KLY
qhjdwlyh1 Eduqkrruq/ Dgulddqvh +4<<5,/ Fkdq0\hxqj hw do1 +4<:4,/ Fkdxohw +4<;:,> Gh Frfn/ Fkdlvvrq
+4<<<,/ Iduphu hw do1 +4<<5,/ Pdwd +4<;8,/ Phq}lhv hw do1 +4<<6,/ Qljkwlqjdoh hw do1 +4<<3,/ Slokhx +4<<;,/
Uhlfkpdq +4<<:,/ Uxeho/ Jdoor +4<<5,/ Zdoodfh/ Zdoodfh +4<<:,/ ZKR +4<<;e/ 4<<<d,1

9Dv uhsruwhg e| XQ/ qhduo| wzr0wklugv ri wkh zruog*v fxuuhqw xuedq srsxodwlrq olyh lq wkh ghyhorslqj
zruog1 XQ+4<<9d/ 4<<9e/ 4<<:/ 4<<;,/ XQX2ZLGHU +4<<;d/ 4<<;e,1

:Pxwdwndu +4<<8,> Skloolsv +4<<6,> ZKR +4<<6/ 4<<9,1
;Zdwwv +4<<:,1



Lqihfwlrxv glvhdvh dqg hfrqrplf jurzwk= wkh fdvh ri wxehufxorvlv1 6

Lq pruh frqwhpsrudu| wlphv wkhuh lv hylghqfh wkdw khdowk vwdwxv d�hfwv oderxu irufh sdu0
wlflsdwlrq dqg oderxu lqfrph< 1 Gdvjxswd +4<<:, �qgv wkdw hduo| qxwulwlrq dqg pruelglw|
kdyh vljql�fdqw h�hfwv rq orqj whup zrun fdsdflw|1

Iurp wklv zh fdq dqdo|vh wkh wzr0zd| lqwhudfwlrq ehwzhhq wkh hfrqrp| dqg WE1 Rq
wkh rqh kdqg/ sryhuw| dqg orz survshulw| jhqhudwh frqglwlrqv lq zklfk wkh glvhdvh fdq
 rxulvk1 Rq wkh rwkhu kdqg/ zlwk kljk suhydohqfh ri wkh glvhdvh wkh zrun irufh lv uhgxfhg
vr wkdw survshulw| idoov1

Lq wklv sdshu zh orrn dw wkh g|qdplfv ri wklv edvlf wzr zd| lqwhudfwlrq e| frpelqlqj
d vlpsoh Vrorz0Vzdq jurzwk prgho zlwk d vlpsoh uhsuhvhqwdwlrq ri wkh hslghplrorj| ri
WE1 Zh fdoo wklv wkh hslghplrorjlfdo0hfrqrplf jurzwk v|vwhp dqg �qg wkdw jhqhudoo| lw
kdv d sduwldo edodqfhg jurzwk vroxwlrq lq zklfk wkhuh lv qr glvhdvh dqg fdslwdo dqg khdowk|
oderxu jurz dw d frpprq udwh1 Zh �qg wkdw dq duelwudu| sdwk zloo qrw frqyhujh wr wkh
glvhdvh0iuhh sdwk vr wkdw hfrqrplf irufhv fdqqrw holplqdwh WE1 Krzhyhu/ wkh| fdq frqwuro
lwv suhydohqfh/ uhgxflqj wr dq hqghplf ohyho1 Lq dgglwlrq wkhuh duh wkuhh vwdwlrqdu| vwdwhv
ri wkh v|vwhp1 Rqh lv wkh ruljlq ohdglqj wr h{wlqfwlrq ri erwk khdowk| dqg vlfn> rqh lv
dq hslghplrorjlfdo0hfrqrplf vwdwlrqdu| vwdwh lq zklfk wkhuh duh frqvwdqw qrq}hur ohyhov
ri fdslwdo vwrfn dqg ri vlfn dqg khdowk| lqglylgxdov> rqh lv d sxuh hslghplrorjlfdo vwdwh
lq zklfk wkh hfrqrp| idlov wr ixqfwlrq dw doo +fdslwdo vwrfn dqg rxwsxw duh }hur, dqg
khdowk| dqg vlfn lqglylgxdov frh{lvw1 Vlqfh zh kdyh d wkuhh glphqvlrqdo g|qdplf v|vwhp
+wkh yduldeohv duh wkh fdslwdo vwrfn dqg wkh qxpehuv ri khdowk| dqg vlfn/ uhvshfwlyho|,
zlwk wkuhh vwdwlrqdu| vwdwhv/ wkh g|qdplfv ri wkh v|vwhp duh txlwh ulfk1 Wkh ruljlq lv
rqh vwdwlrqdu| srlqw> joredo dqdo|vlv uhyhdov wkdw lw lv xqvwdeoh1 Zh �qg wkdw orfdoo| wkh
hslghplrorjlfdo0hfrqrplf htxloleulxp/ zkhuh doo yduldeohv duh srvlwlyh/ fdq glvsod| d zlgh
ydulhw| ri orfdo g|qdplf sdwwhuqv ghshqglqj rq sdudphwhu ydoxhv1 Olqhdulvlqj durxqg wkh
htxloleulxp/ wkhuh pd| eh= wkuhh uhdo urrwv +wzr srvlwlyh dqg rqh qhjdwlyh/ dq xqvwdeoh
vdggoh0qrgh ru wkuhh qhjdwlyh/ d vwdeoh qrgh, ru d sdlu ri frpsoh{ frqmxjdwh wrjhwkhu
zlwk d qhjdwlyh uhdo urrw1 Wkh htxloleulxp lq zklfk wkh hfrqrp| sod|v qr uroh +}hur
fdslwdo, lv orfdoo| d 6G fhqwuh= wzr sxuh lpdjlqdu| hljhqydoxhv dqg rqh uhdo hljhqydoxh1
Wkh vwdwlrqdu| vwdwh lqyroylqj }hur fdslwdo vwrfn dqg srvlwlyh srsxodwlrq uhsolfdwhv wkh
wzr0glphqvlrqdo g|qdplf surshuwlhv ri wkh Orwnd0Yrowhuud prgho dqg dggv d wklug uhdo
hljhqydoxh +dqg vr jlyhv d gluhfwlrq ri hlwkhu prqrwrqh frqyhujhqfh ru glyhujhqfh wr wkh
fruuhvsrqglqj sxuh ghprjudsklf htxloleulxp,1

Wr h{soruh wkh joredo g|qdplfv ri krz vroxwlrq sdwkv ehkdyh ehwzhhq wkhvh wkuhh vwd0
wlrqdu| vwdwhv zh vhohfw ixqfwlrqdo irupv iru wkh zd| lq zklfk ghprjudsklf sdudphwhuv
uhvsrqg wr hfrqrplf survshulw| +hvvhqwldoo| edvhg rq orjlvwlf ixqfwlrqv, dqg iru wkh sur0
gxfwlrq ixqfwlrq +d FHV zlwk hodvwlflw| ri vxevwlwxwlrq ohvv wkdq rqh ehwzhhq fdslwdo dqg
oderxu, dqg qxphulfdoo| lqwhjudwh vroxwlrq sdwkv1 Wkh uhvxowv lqglfdwh wkdw zkhwkhu wkh
qhw eluwk udwh ri vxvfhswleohv lv lqfuhdvlqj ru ghfuhdvlqj lq survshulw| lv lpsruwdqw lq gh0
whuplqlqj wkh vwdwlrqdu| vwdwh suhydohqfh ri wkh glvhdvh1 Krzhyhu/ wkh g|qdplf surshuwlhv
ri wkh v|vwhp duh yhu| vlplodu zkhwkhu � lv lqfuhdvlqj ru ghfuhdvlqj zlwk survshulw|1

Qxphulfdo vlpxodwlrqv iru wzr h{dpsohv lqglfdwh wkdw wkh vwdwlrqdu| vwdwh zlwk d qrq0
}hur ohyho ri surgxfwlyh fdslwdo lv orfdoo| vwdeoh dqg dq dwwudfwru iru d zlgh vhw ri lqlwldo
frqglwlrqv1 Lq wkh orqj uxq wkh wzr0zd| lqwhudfwlrq ehwzhhq wkh srsxodwlrq dqg wkh
hfrqrplf vwuxfwxuh uhvxowv lq dq hslghplrorjlfdo0hfrqrplf htxloleulxp1

Wkh sdshu lv rujdql}hg wr rxwolqh dowhuqdwlyh hslghplrorjlfdo prghov ri WE lq Vhfwlrq 5>
wr suhvhqw wkh jhqhudo dqdo|wlfv ri wkh hslghplrorjlfdo0hfrqrplf jurzwk v|vwhp vwuxfwxuh
lq Vhfwlrq 6> wr jlyh qxphulfdo vlpxodwlrqv lq Vhfwlrq 7 dqg wr frqfoxgh lq Vhfwlrq 81

<Eduwho dqg Wdxepdq +4<:<,/ Hwwqhu +4<<9,/ Ohh +4<;5,/ Oxiw +4<<8,1
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51 Wkh Glvhdvh Surfhvv

Zh wklqn ri d srsxodwlrq Qw ri lqglylgxdov lq d jlyhq duhd dw lqvwdqw w1 Jhqhudoo| lqgl0
ylgxdov fdq eh lq rqh ri irxu vwdwhv= vxvfhswleoh exw khdowk|> odwhqwo| lqihfwhg dqg qrw
lqihfwlrxv> dfwlyho| lqihfwhg dqg lqihfwlrxv> uhfryhuhg iurp wkh glvhdvh431 Vrph ri wkh
hslghplrorjlfdo prghov glvwlqjxlvk pruh vwdwhv wkdq wklv h1j1 lq wkh fdvh ri ydulrxv vwudlqv
ri WE zklfk gl�hu lq wkh wlph jds ehwzhhq �uvw lqihfwlrq dqg ehfrplqj dfwlyho| lqihfwhg
dqg lqihfwlrxv +vr fdoohg idvw dqg vorz WE,44 1

Wkh srsxodwlrq fkdqjhv wkurxjk wlph gxh wr wkh eluwkv ri vxvfhswleohv dqg wr ghdwkv
hlwkhu iurp fdxvhv rwkhu wkdq WE ru iurp wkh glvhdvh1 Klvwrulfdoo| rxweuhdnv ri glvhdvh
kdyh jhqhudoo| iroorzhg dq hslghplf sdwwhuq1 Iru h{dpsoh d frpprq sdwwhuq lq phglhydo
Hqjodqg zdv iru d jhrjudsklfdo duhd wr vxffxpe wr dq rxwexuvw ri sodjxh ryhu d shulrg
ri �yh prqwkv ru vr/ riwhq frqfhqwudwhg dw sduwlfxodu wlphv ri |hdu/ exw wkhq wkh glvhdvh
zrxog glh dzd|/ vxevhtxhqwo| euhdnlqj rxw djdlq1 Wklv w|sh ri g|qdplf hyroxwlrq lv vhhq
lq suhgdwru0suh| prghov> vr d yhu| frpprq sdudgljp iru prghoolqj wkh glvhdvh g|qdplfv
lv vrph yhuvlrq ri wkh Orwnd0Yrowhuud v|vwhp45=

Qw @ [w . \w . Ow .Uw +4,

;AA?
AA=

b[w @ �[w.
=

Uw ��+[w>Ow> \w,[w\w

bOw @ �+[w>Ow> \w,[w\w � +�4 . �5 . �6,Ow

b\w @ �5Ow � $\w � �\w
=

Uw@ �\w . �6Ow

+5,

zkhuh [w lv wkh vwrfn ri vxvfhswleohv> Ow lv wkh vwrfn ri odwhqwo| lqihfwhg> \w lv wkh vwrfn ri
dfwlyho| lqihfwhg> Uw lv wkh vwrfn ri uhfryhuhg lqglylgxdov> doo dw lqvwdqw w1 Ixuwkhupruh/
� lv wkh qhw eluwk udwh ri vxvfhswleohv +eluwk udwh plqxv ghdwk udwh gxh wr qrq0glvhdvh
fdxvhv,> �+[w> Ow> \w, lv wkh suredelolw| wkdw rq phhwlqj dq dfwlyho| lqihfwhg shuvrq/ d
vxvfhswleoh shuvrq ehfrphv odwhqwo| lqihfwhg> �4 lv wkh qdwxudo ghdwk udwh ri odwhqwo|
lqihfwhg lqglylgxdov iurp qrq0glvhdvh fdxvhv> �5 wkh sursruwlrq ri wkh odwhqwo| lqihfwhg
vwrfn zkr ehfrph dfwlyho| lqihfwhg> �6 wkh sursruwlrq ri odwhqwo| lqihfwhg zkr uhfryhu>
� wkh sursruwlrq ri dfwlyho| lqihfwhg zkr uhfryhu dqg $ wkh ghdwk udwh ri wkh dfwlyho|
lqihfwhg hlwkhu wkurxjk wkh glvhdvh ru qdwxudo fdxvhv1 Dvvxplqj wkdw wkh ydulrxv udwhv
ri pryhphqw ehwzhhq jurxsv duh frqvwdqw sursruwlrqv +�> �l> �>$ zlwk l @ 4> 5> 6, lv d
vlpsol�fdwlrq/ sduwlfxoduo| vr iru �l zkhuh wkh dvvxpswlrq lv wkdw wkh ohqjwk ri wlph wkdw
rqh kdv ehhq odwhqwo| lqihfwhg kdv qr h�hfw rq wkh fkdqfhv ri uhfryhu|/ ghyhorslqj dfwlyh
lqihfwlrq ru ghdwk46 1 Reylrxvo| wklv v|vwhp uhihuv wr wkh fdvh lq zklfk wkh uhfryhuhg gr

qrw jdlq lppxqlw| iurp wkh glvhdvh exw uhmrlq wkh srro ri vxvfhswleohv1

D pdmru lvvxh lv wkh lqwhusuhwdwlrq ri wkh lqihfwlrq surfhvv �+[w> Ow> \w,[w\w1 Xvxdoo|

wklv lv lq whupv ri �+=,\w jlylqj wkh suredelolw| ri d jlyhq vxvfhswleoh ehfrplqj lqihfwhg

dqg wkhq pxowlso|lqj wklv e| [w jlyhv wkh qxpehu ri qhzo| lqihfwhg vxvfhswleohv=

Qhz lqihfwlrqv @ Su +vxvfhswleoh dqg lqihfwhg phhw, Su +lqihfwlrq dulvlqjmphhwlqj,[w1

43Wkh qdwxuh ri uhfryhu| fdq dovr eh khwhurjhqhrxv= lqihfwhg lqglylgxdov zkr kdyh uhfryhuhg pd|
kdyh shupdqhqw lppxqlw| iurp wkh glvhdvh lq zklfk fdvh wkh| irup d fodvv rq wkhlu rzq> ru wkh| pd|
lpphgldwho| ehfrph vxvfhswleoh wr d qhz dwwdfn ri wkh glvhdvh lq zklfk fdvh wkh| mrlq wkh h{lvwlqj jurxs
ri vxvfhswleohv> iru WE wkh odwwhu lv wkh fdvh1

44Y|qq|fn| dqg Ilqh+4<<:,1
45Orwnd +4<58,> Yrowhuud +4<59,1
46H{dpsohv zkhq wkh ohqjwk ri wkh odwhqw shulrg lq xhqfhv wkh suredelolw| ri WE uhdfwlydwlrq duh lq

Fkdq0\hxqj hw do1 +4<:4, dqg Ju}|erzvnl hw do1 +4<98,1



Lqihfwlrxv glvhdvh dqg hfrqrplf jurzwk= wkh fdvh ri wxehufxorvlv1 8

Wr prgho wklv zh kdyh wr uhsuhvhqw wkh phhwlqj surfhvv dqg wkhq wkh lqihfwlrq surfhvv

dulvlqj iurp dq| phhwlqj1 Iru wkh odwwhu wkh prvw frpprq dvvxpswlrq lv wkdw wkh fkdqfh

ri lqihfwlrq rxw ri dq| phhwlqj ehwzhhq d vxvfhswleoh dqg dq lqihfwhg lv frqvwdqw1 Wkh pdlq

h{fhswlrq wr wklv lv d irup ri ghqvlw| ghshqghqfh zkhuh +h1j1 zlwk d kljk suhydohqfh ri wkh
glvhdvh 0 kljk \w@[w, lqglylgxdo ehkdylrxu pd| dgmxvw wr uhgxfh wkh fkdqfh ri lqihfwlrq
lq d phhwlqj h1j1 e| zhdulqj surwhfwlyh forwklqj ru rwkhuzlvh dowhulqj wkh qdwxuh ri wkh
phhwlqj1 Iru wkh iruphu xvxdoo| wkhuh lv d prgho ri vrfldo lqwhudfwlrq dqg wkhq/ zlwklq
wkdw/ vrph ylhz ri zkhwkhu wkh lqwhudfwlrq lv ehwzhhq wzr vxvfhswleohv ru d vxvfhswleoh
dqg dq dfwlyho| lqihfwhg1 Lw lv sodxvleoh wkdw wkh fkdqfh ri d phhwlqj ehlqj ehwzhhq d
vxvfhswleoh dqg dq dfwlyho| lqihfwhg/ jlyhq wkdw wkhuh lv d phhwlqj/ lv \w@Qw= Li wkh fkdqfh
ri d jlyhq vxvfhswleoh phhwlqj dq|rqh hovh dw doo lv sursruwlrqdo wr Qw +l1h1 d pruh ghqvho|
srsxodwhg uhjlrq jhqhudwhv d kljkhu qxpehu ri phhwlqjv ehwzhhq shrsoh wkdq d orzhu
ghqvlw| duhd, wkhq wkh suredelolw| wkdw d jlyhq vxvfhswleoh phhwv dq lqihfwhg lv lqghhg \w=
Dowhuqdwlyho| li Qw zhuh frqvwdqw vr wkdw rqo| wkh vwuxfwxuh ri wkh srsxodwlrq exw qrw lwv
vl}h zhuh fkdqjlqj wkhq \w zrxog eh wkh sursruwlrq ri lqihfwhg> zlwk d udqgrpo| pl{lqj
srsxodwlrq/ zkhuh hdfk shuvrq phhwv rqh rwkhu shuvrq hyhu| lqvwdqw/ wklv zrxog eh wkh
suredelolw| ri phhwlqj dq lqihfwhg shuvrq1

Li zh dgrsw dq| ri wkhvh dvvxpswlrqv/ wkhq � lv d frqvwdqw dqg wkh qxpehu ri qhz
odwhqw lqihfwlrqv lv �[\ 1 Wkh htxdwlrqv +5, duh wkhq htxlydohqw wr

;?
=

b[w @ �[w . �\w . �6Ow � �[w\w
=

Ow@ �[w\w � +�4 . �5 . �6,Ow
=

\ w@ �5Ow � $\w � �\w

+6,

Iurp wkhvh htxdwlrqv lw iroorzv wkdw wrwdo srsxodwlrq fkdqjhv dffruglqj wr

=

Q w@
=

[w .
=

\ w .
=

Ow@ �[w � �4Ow � $\w +7,

wkdw lv/ wkh gl�huhqfh ehwzhhq wkh qhw eluwk udwh ri wkh vxvfhswleohv dqg wkh frpelqhg
ghdwkv ri wkh odwhqw dqg dfwlyho| lqihfwhg lqglylgxdov1 Wklv v|vwhp kdv wzr vwdwlrqdu|
srlqwv=

[
� @ \ � @ O� @ 3 +8,

[� @ +�4 . �5 . �6,+$ . �,@+�5�,
\ � @ �+$ . �,+�4 . �5 . �6,@^�5�$ . ��4+$ . �,`
O� @ �+$ . �,5+�4 . �5 . �6,@^�

5

5
�$ . ��4�5+$ . �,`

+9,

Wkh �uvw fruuhvsrqgv wr h{wlqfwlrq dqg wkh vhfrqg wr d frqvwdqw srsxodwlrq ohyho dqg
vwuxfwxuh1 Wkhuh duh qr vwhdg| jurzwk sdwkv ri wkh v|vwhp1 Wr lqyhvwljdwh wkh orfdo
g|qdplfv/ durxqg wkh ruljlq zh olqhdulvh dqg �qg wkdw orfdoo| wkhuh duh wkuhh uhdo urrwv
ri wkh Mdfreldq47 =

�/ � +�4 . �5 . �6,/ � +$ . �, +;,

47Olqhdulvdwlrq durxqg dq| vwdwlrqdu| srlqw jlyhv d Mdfreldq ri

5
7

k3 qt b� 43 qf

qt 3Eb� n b2 n b�� 3qf

f b2 3E/ n 4�

6
8 +:,
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wzr ri wkhvh urrwv duh qhjdwlyh dqg rqh ri wkhp lv srvlwlyh/ vr zh kdyh d 6G vdggohsrlqw

zlwk dq dgglwlrqdo vwdeoh gluhfwlrq48 1

Durxqg wkh qrq}hur vwdwlrqdu| srlqw vlpsoh h{suhvvlrqv iru wkh urrwv duh xqdydlodeoh1

Krzhyhu/ dv wkh ghwhuplqdqw ri wkh Mdfreldq lv

��+$ . �,+�4 . �5 . �6, ? 3 +<,

dqg wkh wudfh lv

� i� ^$�6 . �+�5 . �6,`@ ^�5$ . �4+$ . �,` . ^+�4 . �5 . �6, . +$ . �,`j ? 3 +43,

wkh srvvleoh sdwwhuqv ri uhdo sduwv ri hljhqydoxhv duh hlwkhu wkuhh qhjdwlyh uhdo urrwv +6G
qrgh zlwk srvlwlyh dwwudfwru, ru rqh qhjdwlyh dqg wzr srvlwlyh uhdo urrwv +irfxv vlqn zlwk
qhjdwlyh dwwudfwru ru 6G vdggohsrlqw zlwk dq dgglwlrqdo xqvwdeoh gluhfwlrq,1

Pdq| zulwhuv kdyh dssolhg wklv w|sh ri vwuxfwxuh wr dqdo|vh wkh g|qdplf wudqvplvvlrq
ri WE1 Wkh plfurg|qdplfv ri WE lv yhu| frpsoh{1 Lqwhuhvw fhqwuhv rq zkhwkhu vlpsoh
srsxodwlrq lqwhudfwlrq prghov fdq fdswxuh wkh pdlq hpslulfdo wuhqgv lq suhydohqfh1 D
uhfhqw vwxg| lv lq Eorzhu hw do1 +4<<8,/ zkr frqvlghu d srsxodwlrq glylghg lqwr wkuhh
gl�huhqw fodvvhv= vxvfhswleoh +gh�qhg dv xqlqihfwhg lqglylgxdov,/ odwhqw +lqihfwlrxv dqg
qrq0lqihfwlrxv fdvhv, dqg uhfryhuhg1 WE lv ghvfulehg dv kdylqj wzr sdwkrjhqlf phfkd0
qlvpv= gluhfw surjuhvvlrq +zkhq wkh glvhdvh ghyhorsv vrrq diwhu lqihfwlrq, dqg hqgrjhqrxv
uhdfwlydwlrq +zkhq wkh glvhdvh fdq ghyhors pdq| |hduv diwhu lqihfwlrq,1 Wkhvh wzr phfkd0
qlvpv duh prghoohg e| dvvxplqj wkdw d frqvwdqw sursruwlrq ri wkh qhzo| lqihfwhg ghyhors
WE gluhfwo| dqg d frqvwdqw sursruwlrq ri wkh qhzo| lqihfwhg hqwhu wkh odwhqw fodvv1

Wkh g|qdplf ri wkh WE hslghplf lv ghvfulehg e| d v|vwhp ri wkuhh gl�huhqwldo htxd0
wlrqv1 Lq Eorzhu hw do1*v qrwdwlrq/

;?
=

b[+w, @ � � �W +w,[+w,� �[+w,
bO+w, @ +4� s,�W +w,[+w,� y O+w,� �O+w,
bW +w, @ y O+w, . s �W +w, [+w,� +�. �

W
,W +w,

+44,

zkhuh [+w,/ O+w, dqg W +w, uhsuhvhqw wkh vxvfhswleoh/ odwhqw dqg dfwlyh lqihfwlrxv WE lqgl0
ylgxdov/ � wkh frqvwdqw udwh ri uhfuxlwphqw wr wkh vxvfhswleoh srsxodwlrq/ � wkh suredelolw|
wkdw dq lqihfwlrxv fdvh vxffhvvixoo| wudqvplwv wkh lqihfwlrq wr d vxvfhswleoh1 Khuh/ � lv wkh
shu fdslwd dyhudjh qrq0WE pruwdolw| udwh/ �W wkh shu fdslwd dyhudjh WE pruwdolw| udwh/
y wkh udwh dw zklfk wkh odwhqw lqglylgxdov ghyhors dfwlyh WE/ s wkh sursruwlrq ri qhzo|
lqihfwhg zkr ghyhors wxehufxorvlv gluhfwo| dqg/ wkhuhiruh/ +4 � s, wkh sursruwlrq ri wkh
qhzo| lqihfwhg zkr hqwhu wkh odwhqw fodvv1 Lqglylgxdov zkr uhfryhu iurp wkh glvhdvh duh qrw
prghoohg1 Eorzhu hw do1 vlpxodwh dq hslghplf dulvlqj iurp wkh lqwurgxfwlrq ri rqh lqihf0
wlrxv lqglylgxdo lqwr dq xqlqihfwhg srsxodwlrq1 Wkh| dovr dqdo|vh wkh hslghplf grxeolqj
wlph dv d ixqfwlrq ri wkh dyhudjh qxpehu ri vhfrqgdu| lqihfwlrqv surgxfhg shu lqihfwlrxv
fdvh shu |hdu dqg wkh wkuhvkrog srsxodwlrq0vl}h +dv wkh plqlpxp qxpehu ri vxvfhswleohv
wkdw kdyh wr eh suhvhqw ehiruh d WE hslghplf fdq rffxu, iru gl�huhqw wudqvplvvlrq fr0
h!flhqwv1 Wkh pdlq rxwfrph rewdlqhg lq wkh dqdo|vlv lv wkdw WE hslghplfv kdyh vorz
lqwulqvlf g|qdplfv1 Jlyhq wklv ylhz wkh uhfhqw ghfolqlqj suhydohqfh ri WE lqihfwlrq ryhu
wkh sdvw fhqwxu| lq ghyhorshg frxqwulhv lv wkh qdwxudo ghfolqh lq d orqj hslghplf zklfk
�uvw lqfuhdvhg gxulqj wkh 4933v1 Wkh| gr qrw h{dplqh wkh dqdo|wlfdo surshuwlhv ri wkh

48Zh xvh wkh fodvvl�fdwlrq ri Yhukxovw +4<<3,1
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g|qdplfv> exw dfwxdoo| wkh v|vwhp kdv wzr vwdwlrqdu| srlqwv dw

[
� @

+� . �,+�. �
W
,

�+� . s�,
> O� @

+��+� . s�,� �+� . �,+�. �
W
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+� . �,+� . s�,�
> +45,

W� @
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W
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+� . �,+�. �
W
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dqg
W� @ O� @ 3> [� @ �@� +46,

Wkh vwdwlrqdu| vwdwh zlwk vrph glvhdvh w|slfdoo| kdv rqh uhdo urrw dqg d sdlu ri frpsoh{
frqmxjdwh urrwv +irfxv vlqn2vrxufh zlwk dq dgglwlrqdo srvlwlyh2qhjdwlyh dwwudfwru,1 Orfdoo|
wkh vwdwlrqdu| vwdwh lq zklfk glvhdvh lv holplqdwhg kdv hljhqydoxhv

��> �3=8i�y.��
W�s��.5�5	^�5+�

W�y,
5�5���+s+�

W
.�,�5�,.s5�5�5`3=8j@� +47,

vr wkdw wkhuh pd| eh hlwkhu wkuhh uhdo urrwv +6G qrgh srvlwlyh2qhjdwlyh dwwudfwru, ru d
qhjdwlyh uhdo urrw dqg d sdlu ri frpsoh{ frqmxjdwh urrwv +irfxv vlqn zlwk dq dgglwlrqdo
srvlwlyh2qhjdwlyh dwwudfwru,491

Eorzhu hw do1*v dssurdfk lv lqwhuphgldwh ehwzhhq d frpsohwho| ghvfulswlyho| uhdolvwlf
wuhdwphqw ri wkh glvhdvh dqg d vw|olvhg sdudgljp1 Iru h{dpsoh/ wkh wudqvlwlrq ehwzhhq
sdvvlyh dqg dfwlyh lqihfwlrq lv qrw jryhuqhg e| sursruwlrqdolw| lq uhdolw|> vlploduo|/ prvw
srsxodwlrq prghov zrxog xvh jhrphwulf udwkhu wkdq dulwkphwlf jurzwk lq wkh qxpehu ri
vxvfhswleohv> wkh uhfryhuhg fodvv duh qrw dqdo|vhg1 Qhyhuwkhohvv/ dv wkh dxwkruv ghprq0
vwudwh/ wklv ohyho ri frpsoh{lw| ri prghoolqj lv dssursuldwh wr fdswxuh wkh vdolhqw orqj0uxq
wuhqgv1 Erwk +6, dqg +44, dovr ghprqvwudwh wkh wudghr� ehwzhhq ghvfulswlyh uhdolvp dqg
dqdo|wlfdo jhqhudolw|> hlwkhu rqh kdv d kljk glphqvlrqdo ghvfulswlyho| dffxudwh v|vwhp
zkrvh g|qdplf ehkdylrxu fdq rqo| eh qxphulfdoo| vlpxodwhg iru d vdpsoh ri lqlwldo frq0
glwlrqv> ru vrph ri wkh uhdolvp lv vdful�fhg wr shuplw joredo dqdo|vlv ri wkh g|qdplfv1 Iru
wkh odwwhu wkh prvw wkdw zh fdq uhdolvwlfdoo| pdqdjh lv wkuhh glphqvlrqv1

Iru WE lqihfwlrxv glvhdvhv zkhuh wkhuh duh qr odwhqwv ru zkhuh wkh odwhqw fodvv lv
qhjoljleoh dqg lqihfwlrq vzlwfkhv vxvfhswleohv gluhfwo| lqwr dfwlyh lqihfwlrq +h1j1 s @ 4, +6,
ru +44, froodsvhv/ lq rxu qrwdwlrq/ wr�

b[w @ �[w � �[w\w

b\w @ �[w\w � $\w

+49,

lq zklfk fdvh wkhuh duh djdlq wzr vwdwlrqdu| srlqwv

[�

@ \ �

@ 3 +4:,

[�

@ $@�>\ �

@ �@� +4;,

Dv lv zhoo nqrzq wkh odwwhu vwdwlrqdu| srlqw kdv wzr sxuh lpdjlqdu| urrwv vr orqj
dv � A 3 vr wkdw wkhuh duh forvhg f|fohv derxw wklv vwdwlrqdu| srlqw4: 1 Qrwlfh wkdw li

49Olqhdulvdwlrq durxqg dq| vwdwlrqdu| srlqw jlyhv d Mdfreldq ri
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Lqihfwlrxv glvhdvh dqg hfrqrplf jurzwk= wkh fdvh ri wxehufxorvlv1 ;

� � 3 wkhq zh orvh wkh fhqwuh dv d yldeoh vwdwlrqdu| vwdwh> lq wklv fdvh wkh khdowk| mxvw
ghfd| wr }hur wkurxjk wkh frpelqhg h�hfwv ri qdwxudo ghdwk dqg lqihfwlrq e| wkh vlfn1
Wkurxjkrxw wklv sdshu zh dvvxph wkdw � A 3= Lw lv ohvv zhoo nqrzq wkdw wkh ruljlq lv
orfdoo| d vdggohsrlqw1 D w|slfdo skdvh gldjudp lv vkrzq lq Ilj1 5141

Iljxuh 514
Lq vlplodu yhlq wr Eorzhu hw do1/ iru wkh vxevhtxhqw dqdo|vlv zh frqfhqwudwh rq wkh v|v0

whp zlwkrxw odwhqwv vlqfh rxu sulpdu| sxusrvh lv wr dqdo|vh krz wkh surgxfwlyh hfrqrp|
zloo lpsdfw rq wkh g|qdplfv ri wkh v|vwhp> kdylqj pruh h{wuhph g|qdplfv +forvhg f|fohv,
zloo doorz xv wr pdnh wkh h�hfwv ri hfrqrplf vwuxfwxuhv pruh vwdun1

61 Jurzwk dqg Survshulw|

Dv zh qrwhg lq wkh lqwurgxfwlrq/ jhqhudo survshulw| eulqjv zlwk lw lpsuryhphqwv lq glhw/
krxvlqj dqg vrphzkdw ohvv gluhfwo| wkh vrflrhfrqrplf lqiudvwuxfwxuh zklfk kdyh h�hfwv
rq wkh lqihfwlrq surfhvv dqg dovr srvvleo| rq wkh eluwk dqg ghdwk udwhv ri wkh gl�huhqw
srsxodwlrq jurxsv1 Lq whupv ri wkh hslghplrorjlfdo prgho �/ � dqg $ duh lq jhqhudo
ixqfwlrqv ri hfrqrplf survshulw|> wkhuh duh d ydulhw| ri zd|v ri phdvxulqj wklv1 Zh wdnh
wkh hslghplrorjlfdo sdudphwhuv wr eh ixqfwlrqv ri wkh fdslwdo2surgxfwlyh oderxu udwlr1
Wklv zloo eh frqvlvwhqw zlwk d ydulhw| ri lqwhusuhwdwlrqv h1j1 hslghplrorjlfdo sdudphwhuv
ghshqglqj rq shu fdslwd frqvxpswlrq ri wkh khdowk|1 Krzhyhu/ zh dovr zdqw wr prgho
wkh fdxvhv ri hfrqrplf jurzwk> wkhuh lv vrph hylghqfh wkdw wkhuh duh ihhgedfn h�hfwv ri
lqihfwlrxv glvhdvh rq wkh delolw| ri wkh hfrqrp| wr surylgh jurzwk wkurxjk ghelolwdwlqj
wkh oderxu irufh4; 1 D qdwxudo hfrqrplf dssurdfk lv wr dvvxph wkdw lqihfwhg lqglylgxdov
fdqqrw zrun> wkh surgxfwlrq srvvlelolwlhv ri wkh hfrqrp| ghshqg rq wkh surgxfwlyh oderxu
irufh lqwhu dold1 Khqfh/ li wkhuh lv d kljk sursruwlrq ri lqihfwhg wkhq rxwsxw dqg hfrqrplf
survshulw| lv orz fhwhulv sdulexv1 Vlqfh hfrqrplf survshulw| d�hfwv ghprjudsklfv/ zlwk
orz survshulw|/ wkh qhw eluwk udwh ri vxvfhswleohv idoov> wkh ghdwk udwh ri wkh lqihfwhg ulvhv
dqg wkh lqihfwlrq udwh ulvhv1 Wklv ohdgv wr d idoo lq wkh surgxfwlyh oderxu irufh zklfk lq
wxuq ohdgv wr d idoo lq frqvxpswlrq shu fdslwd1 D ylflrxv f|foh hphujhv1 Khqfh/ lw zrxog
dsshdu wkdw li rxwsxw ghshqgv rq vxvfhswleoh oderxu dorqh wkh v|vwhp zlwk hqgrjhqrxv
hfrqrplf h�hfwv uhlqirufhv lqvwdelolw|1 Krzhyhu/ wklv ljqruhv wkh srvvlelolw| ri lqyhvwphqw
lq fdslwdo1

4;Eduwho dqg Wdxepdq +4<:<,/ Hwwqhu +4<<9,/ Ohh +4<;5,/ Oxiw +4<<8,1



Lqihfwlrxv glvhdvh dqg hfrqrplf jurzwk= wkh fdvh ri wxehufxorvlv1 <

Wr prgho wkh hfrqrplf v|vwhp zh dvvxph wkhuh lv d vlqjoh jrrg zklfk fdq eh frqvxphg

ru lqyhvwhg= dw dq| lqvwdqw w/ rxwsxw ri wkh vlqjoh jrrg lv jlyhq e| I +Nw>[w, zkhuh Nw lv
wkh h{lvwlqj fdslwdo vwrfn1 Wkh surgxfwlrq ixqfwlrq vdwlv�hv wkh xvxdo qhrfodvvlfdo surs0
huwlhv +I +Nw>[w, lv lqfuhdvlqj/ krprjhqrxv ri ghjuhh rqh dqg kdv glplqlvklqj pdujlqdo
surgxfwlylw| ri hdfk lqsxw,1 Lq dgglwlrq zh dvvxph wkdw hdfk lqsxw lv hvvhqwldo lq wkdw
I +3>[w, @ I +Nw> 3, @ I +3>3, @ 3 exw wkdw wkh pdujlqdo surgxfw ri hdfk lqsxw uhpdlqv

�qlwh dv lwv txdqwlw| whqgv wr }hur l1h1 wkdw olp[$3
CI +Nw>[w,

C[
dqg olpN$3

CI +Nw>[w,
CN

hdfk

h{lvw dv �qlwh srvlwlyh qxpehuv1 Iru h{dpsoh zh pljkw wklqn ri d FHV surgxfwlrq ixqfwlrq

zlwk hodvwlflw| ri vxevwlwxwlrq ohvv wkdq xqlw|4< 1
Fdslwdo vwrfn lv rzqhg htxdoo| e| wkh khdowk| dqg lqihfwhg lqglylgxdov1 D khdowk| lqgl0

ylgxdo uhfhlyhv oderxu lqfrph htxdo wr wkh zdjh/ Z / iru dq lqhodvwlfdoo| vxssolhg dprxqw
ri zrun/ dqg fdslwdo lqfrph htxdo wr wkh surgxfw ri wkh uhqwdo udwh dqg klv2khu vkduh ri
wkh fdslwdo vwrfn1 Wkh zdjh dqg uhqwdo udwh duh vhw lq frpshwlwlyh pdunhwv e| wkh pdujlqdo
surgxfwlylw| ri lqsxwv1 Wkh djjuhjdwh oderxu lqfrph lv Z[w/ doo dffuxlqj wr wkh khdowk|
lqglylgxdov1 Wkh djjuhjdwh fdslwdo lqfrph ri wkh khdowk| lv �

w
N[w zkhuh �w lv wkh uhqwdo

udwh rq fdslwdo dqg N[w @ Nw[w@+[w . \w,1 Lqfrph ri wkh lqihfwhg lqglylgxdo lv sxuho|
fdslwdo lqfrph �

w
N\ w zkhuh N\ w @ Nw\w@+[w.\w,1 Hdfk shulrg/ dv srsxodwlrq fkdqjhv/

fdslwdo lv uhglvwulexwhg dprqjvw wkh khdowk| dqg lqihfwhg lqglylgxdo ri wkdw shulrg1 Fds0
lwdo ghsuhfldwhv olqhduo| dw d frqvwdqw udwh/ !1 Hdfk lqglylgxdo kdv d sursruwlrqdo vdylqj
ixqfwlrq zlwk vdylqj udwh v1 Khqfh/ lq wkh djjuhjdwh/ fdslwdo dffxpxodwhv dffruglqj wr

bNw @ v ^Z[w . �+N[ .N\ ,`� !Nw +53,

@ vI +Nw>[w,� !Nw +54,

iurp wkh frqvwdqw uhwxuqv wr vfdoh1 Wkh ghprjudsklf sdudphwhuv �/ � dqg $ duh ixqfwlrqv
riNw@[w1 Lq Vhfwlrq 7 zh vhohfw ixqfwlrqdo irupv iru wkh surgxfwlrq ixqfwlrq dqg �/ � dqg

$1 Lqlwldoo| zh mxvw dvvxph �
3

+=, � 3 dqg $
3

+=, � 3 lq olqh zlwk wkh suhgrplqdqw hpslulfdo

�qglqjv53 dqg wkdw �+3, dqg $+3, duh qrq}hur1 Wkh vljq ri �
3

+=, lv ohvv reylrxv> wkhuh lv

hylghqfh wkdw �
3

+=, � 3 erwk ehfdxvh wkh eluwk udwh pd| idoo54 dqg lqidqw pruwdolw| pd|

ulvh55 zlwk survshulw| dowkrxjk wkh pruwdolw| udwh jhqhudoo| idoov56 1 Krzhyhu/ wkh edodqfh

ehwzhhq pryhphqwv lq ihuwlolw| dqg pruwdolw| pd| pdnh �
3

+=, � 31 Lw lv dovr qdwxudo wr

dvvxph wkdw �> � dqg $ duh erxqghg deryh e| ��/ �� dqg �$1
Lw lv hdv| wr vhh wkdw wkhuh lv qr edodqfhg jurzwk sdwk dorqj zklfk [w/ \w dqg Nw

hdfk jurz dw d qrq}hur udwh j57 1 Krzhyhu/ wkhuh lv d sduwldo edodqfhg jurzwk sdwk zlwk

\w � 3 dqg [w@Nw frqvwdqw vroylqj �+N@[, @ vi+[@N, � ! zkhuh iru ]w @ [w@Nw

4< Li zh zulwh wkh surgxfwlrq ixqfwlrq dv 8 Eg|cf|� ' Eog6

|
n ^f6

|
�
4

p zkhuh wkh hodvwlflw| ri vxe0

vwlwxwlrq lv �*E� 3 6� wkhq iru 6 	 f/ 8 Efc f|� ' 8 Efc f� ' 8 Eg|c f� ' f dqg vlqfh Y8

Yg
'

Eo n ^Efw

gw

�6�
4�p

p c
Y8 Efcfw�

Yg
' o

4

p dqg Y8 Egwcf�
Yg

' f1
53Hkuolfk/ Oxl +4<<:,> Olqfroq +4<<6,1
54Ohh +4<<:,> Urelqvrq/ Vulqlydvdq +4<<:,1
55Zdogpdqq +4<<5,1
56Dqghuvrq hw do1 +4<<:,> Fkdspdq dqg Kdulkdudq +4<<6,> Hkuolfk/ Oxl +4<<:,> Ihlqvwhlq +4<<6,>

Pdfnhqedfk dqg Orrpdq +4<<7,1
57 Li wkhuh zhuh d edodqfhg jurzwk sdwk } wkhq +49, zrxog uhtxluh

�
} ' k3 qt|

} ' qf| 3 /
+55,

zkhuh dorqj wkh edodqfhg jurzwk sdwk k/ q dqg / zrxog eh frqvwdqwv1 Exw wkhq vhwwlqj t| ' tf i T
}|/

wkh rqo| ydoxh ri } wkdw vdwlv�hg +49, iru doo | lv } ' f1
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zh gh�qh i+]w, @ I +4>]w,1 Dorqj wklv sdwk [w dqg Nw erwk jurz dw wkh udwh �+N@[,
dqg wkhuh lv qr glvhdvh lq wkh v|vwhp1 Li lqlwldoo| wkh yduldeohv vwduw rq wklv sdwk wkhq

glvhdvh fdqqrw euhdn rxw1 D fhqwudo txhvwlrq lv li zh vwduw zlwk duelwudu| lqlwldo frqglwlrqv

lqyroylqj vrph lqihfwlrq/ wkhq xqghu zkdw flufxpvwdqfhv zloo wkh wlph sdwk ri wkh v|vwhp

dssurdfk wklv glvhdvh iuhh edodqfhg jurzwk wlph sur�ohB D qhfhvvdu| frqglwlrq iru wklv

lv wkdw xowlpdwho| b\w@\w hyhqwxdoo| ehfrphv dqg uhpdlqv qhjdwlyh1 Vlqfh \w lv erxqghg

ehorz e| }hur dqg \3 A 3> olp \w @ 3
w$4

lpsolhv b\w ? 3 iru vx!flhqwo| odujh w= Exw dv

\w $ 3> b[w@[w $ � A 31 Lw iroorzv wkdw [w zloo jurz dv|pswrwlfdoo| dw d srvlwlyh udwh

olpw$4 �+Nw@[w,/ exw b\w@\w @ �[w � $ zkhuh $ dqg � duh �qlwh dqg srvlwlyh1 Khqfh lw
lv lpsrvvleoh iru b\w@\w wr xowlpdwho| uhpdlq qhjdwlyh dv w$4 dqg vr lw fdqqrw eh wkdw
\w $ 3= Wkh uhvxow lv wkdw wkh v|vwhp fdqqrw hudglfdwh wkh glvhdvh> lqwhuhvw wkhq irfxvhv
rq krz wkh lqwhudfwlrq ri wkh hfrqrplf jurzwk v|vwhp zlwk wkh hslghplrorjlfdo surfhvv
frqwurov wkh g|qdplfv ri wkh srsxodwlrq vwuxfwxuh dqg hfrqrplf survshulw|1

Wr dqdo|vh wkh jhqhudo g|qdplfv zh orrn dw vwdwlrqdu| vwdwhv ri wkh ixoo v|vwhp dqg
ehkdylrxu durxqg wkhp= htxdwlqj wkh OKV*v ri +49, dqg +54, wr }hur=

3 @ �[w � �[w\w

3 @ �[w\w � $\w

3 @ vI +Nw>[w,� !Nw

+56,

dqg qrwlqj wkdw �/ � dqg $ duh frqvwdqw li [w dqg Nw duh/ wkhuh duh jhqhudoo| wkuhh
vwdwlrqdu| vwdwhv58 =
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�
> N� @ 3 +58,

[� @ \ � @ N� @ 3 +59,

Wkh �uvw ri wkhvh kdv d qrqwulyldo hfrqrplf surfhvv zlwk d vwdwlrqdu| vwdwh fdslwdo khdowk|
oderxu udwlr wkdw lv lqghshqghqw ri wkh ehkdylrxu ri wkh hslghplrorjlfdo sdudphwhuv> exw
lq wkh rwkhu wzr wkh hfrqrp| lv luuhohydqw1 Lq wkh vwdwlrqdu| vwdwhv wkdw gr qrw lqyroyh
h{wlqfwlrq/ suhydohqfh ri wkh glvhdvh +\w@[w ru htxlydohqwo| \w@Qw @ +4 . [w@\w,�4, lv

jlyhq e| �@$= Wkhuh lv d orw ri hylghqfh wkdw $ idoov zlwk ulvlqj survshulw|591 Khqfh li

wkh qhw eluwk udwh ri vxvfhswleohv lqfuhdvhv zlwk survshulw| wkh h�hfw ri surgxfwlyh fdslwdo

lv wr lqfuhdvh wkh vwdwlrqdu| vwdwh glvhdvh suhydohqfh1 Frqyhuvho| li wkh qhw eluwk udwh

ri vxvfhswleohv idoov zlwk survshulw|/ zkhwkhu hfrqrplf h�hfwv lqfuhdvh ru ghfuhdvh wkh

vwdwlrqdu| vwdwh suhydohqfh lv dpeljxrxv1

Wr vhh wkh orfdo g|qdplfv durxqg wkhvh vwdwlrqdu| vwdwhv zh xvh olqhdulvdwlrqv dqg

wkhq frpsxwh wkh uhohydqw hljhqydoxhv1 H{sdqglqj durxqg dq| vwdwlrqdu| vwdwh wr wkh

�uvw rughu jlyhv wkh olqhdulvhg v|vwhp

58Zkhwkhu wkh ruljlq lv dq dgplvvleoh vwdwlrqdu| vwdwh ghshqgv rq zkhwkhu wkh ghprjudsklf sdudphwhuv
kdyh zhoo gh�qhg ydoxhv dw g| ' f| ' f�

59Dqghuvrq hw do1 +4<<:,> Fkdspdq dqg Kdulkdudq +4<<6,> Ihlqvwhlq +4<<6,> Pdfnhqedfk dqg Orrpdq
+4<<7,1
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zkhuh [/ \ dqg N duh qrz phdvxuhg dv ghyldwlrqv iurp d sduwlfxodu vwdwlrqdu| srlqw
dqg ghulydwlyhv lq wkh Mdfreldq duh hydoxdwhg dw wkdw vwdwlrqdu| srlqw1

Vxppdulvlqj wkh uhvxowv iru wkh �uvw vwdwlrqdu| srlqw +57, d zlgh ydulhw| ri orfdo
g|qdplf sdwwhuqv duh srvvleoh1 Wkhuh pd| eh d vlqjoh uhdo qhjdwlyh urrw zlwk d sdlu
ri frpsoh{ frqmxjdwh urrwv li wkh surgxfwlrq ixqfwlrq lv qrw wrr frqfdyh uhodwlyh wr wkh
pdujlqdo h�hfwv ri survshulw| rq wkh hslghplrorjlfdo sdudphwhuv +irfxv vlqn zlwk hlwkhu
srvlwlyh ru qhjdwlyh dwwudfwru,> ru wkhuh pd| eh wkuhh qhjdwlyh uhdo urrwv +6G qrgh srvlwlyh
dwwudfwru, ru wzr srvlwlyh dqg rqh qhjdwlyh uhdo urrw +6G vdggohsrlqw zlwk dq dgglwlrqdo
xqvwdeoh gluhfwlrq, li wkh v|vwhp lv �yhu| frqfdyh�> wkh dsshqgl{ surylghv wkh whfkqlfdo
frqglwlrqv glylglqj wkhvh fdvhv1 Lw lv hdv| wr vhh wkdw wkhuh duh qr urrwv zlwk }hur uhdo
sduw dw wklv vwdwlrqdu| vwdwh1

Dw wkh vhfrqg vwdwlrqdu| srlqw +58, zh kdyh hljhqydoxhv vIN�! dqg 	ls�$ zkhuh wkh
vljq ri vIN�! lv dpeljxrxv dw wklv vwdwlrqdu| srlqw1 Wklv uhsolfdwhv wkh urrwv ri wkh sxuh
Orwnd0Yrowhuud w|sh v|vwhp exw dggv wkh uhdo urrw vIN � !1 Wkhuh duh wkhq wzr srvvleoh
g|qdplf sdwwhuqv durxqg +58,> wkhuh lv d wzr glphqvlrqdo vxuidfh lq +[>\>N, vsdfh +lq
idfw lq wkh [\ sodqh zlwk N @ 3, wdqjhqw wr wkh frpsoh{ hljhqyhfwru fruuhvsrqglqj wr
wkh sxuh lpdjlqdu| urrw1 Li wkh uhdo urrw lv qhjdwlyh wkhq sdwkv vwduwlqj dzd| iurp wklv
vxuidfh vsludo lq d vwdeoh zd| wrzdugv wkh pdqlirog h{fhsw iru d xqltxh sdwk wkurxjk wkh
�fhqwuh� ri doo vxfk vsludov zklfk frqyhujhv prqrwrqho| wr wkh vxuidfh1 Sdwkv wkdw vwduw
rq wkh vxuidfh lwvhoi uhpdlq wkhuh dqg irup sxuh f|fohv rq wkh vxuidfh1 Li wkh uhdo urrw
lv srvlwlyh wkhq wkhuh lv wkh vdph sdwwhuq ri sdwkv exw qrz wkh| glyhujh dzd| iurp wkh
fhqwuh pdqlirog1

Dw wkh wklug vwdwlrqdu| srlqw +59, zh kdyh I +N>[, @ 3= Wr shuirup olqhdulvdwlrqv
lq d qhljkerxukrrg ri wkh ruljlq uhtxluhv wkdw IN dqg I[ uhpdlq �qlwh1 Lq wkh fdvh ri
d FHV surgxfwlrq ixqfwlrq zlwk hodvwlflw| ri vxevwlwxwlrq ohvv wkdq xqlw| zkhwkhu wklv lv
vr ghshqgv rq wkh vshhg ri frqyhujhqfh ri Nw>[w dqg \w wr }hur1 Wkh dsshqgl{ jlyhv
ghwdlov ri wkh urrwv zkhq vxfk olqhdulvdwlrqv duh srvvleoh> exw lq jhqhudo zh wxuq wr joredo
dqdo|vlv wr vhh krz wkh ruljlq uhodwhv wr wkh rwkhu wzr vwdwlrqdu| srlqwv1

Wkhuh duh ydulrxv vshfldo fdvhv ri wklv vwuxfwxuh +49, dqg +54, zklfk duh ri lqwhuhvw=
+l, Li � @ 3 lghqwlfdoo| dqg � lv frqvwdqw wkhq wkh v|vwhp uhgxfhv wr wkh Vrorz0Vzdq

vlqjoh vhfwru jurzwk prgho lq +[w>Nw, zlwk wkh lqihfwhg g|lqj rxw judgxdoo| wkurxjk wlph
dqg h�hfwlyho| ehlqj vhjuhjdwhg1 Wklv lv dqdorjrxv wr wkh sduwldo vwhdg| vwdwh zlwk \w � 3
lq wkdw [w>Nw jurz dw d frpprq udwh exw wkhuh lv glvhdvh lq wkh hfrqrp|1

+ll, Li �>� dqg $ duh doo qrq}hur frqvwdqwv wkhq zh vwloo kdyh wkuhh vwdwlrqdu| vwdwhv1
Wkh yduldwlrq iurp wkh Vrorz Vzdq prgho lv wkdw [w/ wkh surgxfwlyh oderxu irufh/ glvsod|v
f|fohv1 Iru wklv uhdvrq wkhuh lv qr vwhdg| vwdwh jurzwk sdwk1 Lq idfw lq wklv fdvh wkhuh
duh vwloo wkuhh vwdwlrqdu| vwdwhv> wkh �uvw ri wkhvh kdv rqh qhjdwlyh uhdo dqg wzr sxuho|
frpsoh{ frqmxjdwh urrwv olnh wkh vhfrqg zklovw wkh wklug vwloo kdv wkuhh uhdo urrwv1

+lll, Li � @ 3 dqg � lv d ixqfwlrq ri hfrqrplf survshulw| wkhq zh kdyh dq hqgrjhqrxv
jurzwk prgho lq zklfk wkh qhw eluwk udwh ri wkh zrun irufh ydulhv zlwk hfrqrplf frqglwlrqv1

+lll, Li ! @ 3 wkhq wkhuh duh qr vwdwlrqdu| srlqwv dqg qr vwhdg| vwdwh jurzwk sdwkv1
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Wkh uhvxowv wkdw zh jhw khuh ghshqg rq wkh ghprjudsklf vwuxfwxuh dvvxphg1 Lq d
uhodwhg sdshu5: zh vkrz wkdw li zh doorz iru fdslwdo dqg vdylqjv zlwk wkh vdph vruw ri
olqnv ehwzhhq wkh ghprjudsklf dqg hfrqrplf vwuxfwxuh dv khuh exw zlwk krprjhqrxv
ghprjudsklfv dv lq Pd| dqg Dqghuvrq +4<;<, wkhq wkh hfrqrp| pd| vhwwoh grzq dw d
vwhdg| vwdwh1

71 D Qxphulfdo H{dpsoh

Dv zh kdyh vhhq/ wkh Orwnd0Yrowhuud ghprjudsklf v|vwhp frpelqhg zlwk wkh Vrorz0Vzdq
jurzwk prgho jlyhv xv d qhz vwdwlrqdu| vwdwh lq zklfk wkh suhydohqfh ri wkh glvhdvh lv
kljkhu lq wkh suhvhqfh ri jurzwk wkdq zlwkrxw jurzwk li wkh qhw eluwk udwh ri vxvfhswleohv
lqfuhdvhv zlwk wkh fdslwdo oderxu udwlr> exw suhydohqfh lv orzhu lq wklv vwdwlrqdu| vwdwh li wkh
qhw eluwk udwh ri vxvfhswleohv idoov zlwk wkh fdslwdo oderxu udwlr1 Lq wklv vhfwlrq/ zh vlpxodwh
wkh txdqwlwdwlyh qdwxuh ri wkh g|qdplfv iru hdfk ri wkhvh wzr fdvhv e| vhohfwlqj sduwlfxodu
ixqfwlrqdo irupv1 Iru wkh srsxodwlrq g|qdplfv wkhuh duh txlwh vwurqj dujxphqwv wr vhohfw
ixqfwlrqdo irupv wkdw jlyh d erxqghg h�hfw wr hfrqrplf survshulw| rq qhw srsxodwlrq
jurzwk ru wkh vsuhdg ri glvhdvh1 D vlpsoh irup wkdw zloo gr wklv lv uhodwhg wr orjlvwlf
ixqfwlrqv vr zh wdnh

;?
=

�+]w, @ �3 � �4 h{s��5@]w

�+]w, @ �
3
. �

4
h{s��5@]w

$+]w, @ $3 . $4 h{s
�$5@]w

+5;,

+uhphpehu ]w @ [w@Nw,1 Khuh zlwk }hur fdslwdo/ wkh edvholqh qhw jurzwk ri wkh khdowk| lv
�3 ��4> wkh edvholqh lqihfwlrq udwh lv �

3
. �

4
dqg wkh edvholqh ghdwk udwh ri wkh lqihfwhg

lv $3.$41 Dv frqvxpswlrq shu fdslwd whqgv wr lq�qlw| wkh qhw jurzwk udwh ri wkh khdowk|
lv �3> wkh lqihfwlrq udwh �

3
dqg wkh ghdwk udwh ri wkh lqihfwhg $31 Frqvhtxhqwo| li �4

lv qhjdwlyh/ wkh eluwk udwh idoov zlwk wkh fdslwdo oderxu udwlr> frqyhuvho|/ li �4 lv srvlwlyh1

Wkh vshhg zlwk zklfk wkh xsshu erxqgv duh uhdfkhg lv ghwhuplqhg e| wkh frh!flhqwv zlwk

vxevfulsw 51

Dv d surgxfwlrq ixqfwlrq zh wdnh d FHV zlwk hodvwlflw| ri vxevwlwxwlrq ohvv wkdq xqlw|=

I +N>[, @ +uNp . t[p,
4

p +5<,

zkhuh p ? 3 dqg u> t A 31
Zlwk wkhvh fkrlfhv zh kdyh
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p

+65,

Wkh wkuhh vwdwlrqdu| vwdwhv duh/ uhvshfwlyho|/ dw

5:Gho�qr/ Vlpprqv +4<<<,1
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+66,
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> N� @ 3 +67,

[� @ \ � @ N� @ 3 +68,

Iru wkh fdvh lq zklfk wkh qhw eluwk udwh lqfuhdvhv zlwk survshulw| zh vhohfw p @ �4>
t @ 3=:> u @ 3=6> v @ 3=5> ! @ 3=4> �3 @ 3=39> �4 =@ 3=35> �5 @ 4> �

3
@ 3=4> �

4
=@ 3=6>

�
5
@ 4> $3 @ 3=5> $4 @ 3=5> $5 @ 4 1 Wklv lpsolhv wkdw zkhq fdslwdo vwrfn lv }hur wkh qhw

eluwk udwh lv 7(> wkh ghdwk udwh ri lqihfwhg lqglylgxdov lv 73(> wkh lqihfwlrq udwh lv 73(1
Exw zkhq wkh fdslwdo oderxu udwlr whqgv wr lq�qlw| wkh qhw eluwk udwh ulvhv wr 9(/ wkh
ghdwk udwh ri wkh lqihfwhg idoov wr 53( dqg wkh lqihfwlrq udwh idoov wr 43(1 Wkh hodvwlflw|
ri vxevwlwxwlrq lv 3=8/ wkh vdylqjv udwh lv 53( dqg wkh ghsuhfldwlrq udwh 43(1

Zlwk wkhvh sdudphwhu ydoxhv wkh wkuhh vwdwlrqdu| vwdwhv duh=

[� @ 4=:54> \ � @ 3=794> N� @ 7=4;3 +69,

[� @ 4=333> \ � @ =433> N� @ 3> +6:,

[� @ 3> \ � @ 3> N� @ 3> +6;,

Zh fdq fdofxodwh wkh hljhqydoxhv fruuhvsrqglqj wr d olqhdu dssur{lpdwlrq durxqg wkh
�uvw wzr ri wkhvh vwdwlrqdu| vwdwhv1 Vlqfh wkh pdujlqdo surgxfwv duh qrw gh�qhg dw Nw @

[w @ 3 zh gr qrw dwwhpsw wr h{soruh wkh orfdo vwdelolw| ri wkh ruljlq1 Iru wkh �uvw
vwdwlrqdu| vwdwh +66, wklv jlyhv xv hljhqydoxhv ri=

�4 @ �=34<� =447l> �5 @ �=34< . =447l> �6 @ �3=3;3 +6<,

zklfk fruuhvsrqgv wr wkh fdvh ri d sdlu ri frpsoh{ frqmxjdwhv dqg rqh qhjdwlyh uhdo urrw
+irfxv vlqn srvlwlyh dwwudfwru,1 Gl�huhqw sdudphwhu ydoxhv zrxog kdyh jhqhudwhg wkh rwkhu
frpelqdwlrqv ri hljhqydoxhv qhdu wklv vwdwlrqdu| vwdwh1 Durxqg wkh vhfrqg vwdwlrqdu| vwdwh
+6:, wkh hljhqydoxhv duh=

�4 @ 3=459l> �5 @ �3=459l> �6 @ 3=89: +73,

zklfk uh hfwv wkh dqdo|wlfdo uhvxowv deryh1 Lq wkh sxuh hslghplrorjlfdo htxloleulxp zkhq
fdslwdo vwrfn lv }hur/ wkh vwdwlrqdu| vwdwh suhydohqfh ri wkh glvhdvh lv \@[ @ 43( zkhuhdv
lq wkh hslghplrorjlfdo0hfrqrplf htxloleulxp/ wkh suhydohqfh lv pruh wkdq wzlfh dv kljk dw

5:(> krzhyhu/ wrwdo srsxodwlrq doprvw grxeohv1

Zh fdq wkhq h{soruh wkh orfdo g|qdplfv durxqg hdfk vwdwlrqdu| vwdwh dqg wkh zd|
wkhvh sdwfk wrjhwkhu wr irup d joredo skdvh vsdfh> wr ghulyh wkhvh zh kdyh qxphulfdoo|

lqwhjudwhg wkh qrq0olqhdu gl�huhqwldo htxdwlrqv dqg qrw wkhlu olqhdu dssur{lpdwlrqv1 Vr

wkh skdvh vsdfhv duh joredoo| dffxudwh1

Wkh uhvxowv duh jlyhq lq Iljxuhv 71407151
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Ilj1 714

Ilj1 714 vkrzv wkh joredo skdvh vsdfh zlwk wkh wkuhh vwdwlrqdu| vwdwhv1 Ilj 715 vkrzv
vpdoo uhjlrqv durxqg wkh vwdwlrqdu| vwdwhv> wkh orfdo g|qdplfv ri wkh vwdwlrqdu| vwdwh

zlwk N�

A 3 vkrzq lq wkh wrs sdqho ri Ilj1 715 lv d irfxv vlqn srvlwlyh dwwudfwru dqg wkh

g|qdplfv durxqg wkh vwdwlrqdu| vwdwh zlwk N
�

@ 3 lq wkh plggoh sdqho lv d 6G fhqwuh

zlwk dq dgglwlrqdo qhjdwlyh dwwudfwru1 Wkh vwdwlrqdu| srlqw dw wkh ruljlq kdv wkh g|qdplfv

ghvfulehg lq erwwrp sdqho zkhuh sdwkv vwduw zlwk d yhu| orz exw srvlwlyh ydoxh riNw1 Wkh

gluhfwlrq ri pryhphqw lv lq whupv ri ghfuhdvlqj \w/ lqfuhdvlqj Nw dqg ghshqglqj rq lqlwldo

frqglwlrqv hlwkhu lqfuhdvlqj ru dssur{lpdwho| frqvwdqw [w= Lw lv olnh wkh wzr glphqvlrqdo

vdggohsrlqw ri wkh sxuh Orwnd0Yrowhuud w|sh v|vwhp dxjphqwhg e| d gluhfwlrq ri udslg

jurzwk lq Nw=

Wkh uhvxowv lqglfdwh wkdw wkh �uvw vwdwlrqdu| vwdwh lv dq dwwudfwru iru sdwkv zklfk vwduw

qhdu wkh rwkhu vwdwlrqdu| srlqwv/ dqg wkh sdwkv udslgo| frqyhujh wr wkh �uvw vwdwh1 Dw wkh

vhfrqg dqg wklug vwdwlrqdu| srlqwv wkh xqvwdeoh gluhfwlrq lq Nw vhhpv wr grplqdwh wkh

g|qdplfv vr wkdw vr orqj dv lqlwldoo| N3 9@ 3 hyhq wkrxjk lw lv vpdoo/ hfrqrplf jurzwk wdnhv

ryhu dqg wkh sdwk frqyhujhv lq dq rvfloodwru| idvklrq wr wkh �uvw vwdwlrqdu| vwdwh1 Krzhyhu/

iru sdwkv zklfk vwduw zlwk uhodwlyho| kljk ydoxhv ri N3 / wkhuh lv d wkuhh glphqvlrqdo f|foh

lq wkh yduldeohv zlwk uhodwlyho| udslg pryhphqw lq Nw= Li d sdwk vwduwv zlwk N3 dfwxdoo|

htxdo wr }hur/ wkhq wkh v|vwhp iroorzv d forvhg Orwnd0Yrowhuud w|sh f|foh lq wkh [ � \

sodqh> exw iru hyhq vpdoo lqlwldo ydoxhv riN3/ diwhu vrph hduo| f|fohv lq [w dqg \w/ wkh sdwk

glyhujhv wr wkh �uvw vwdwlrqdu| vwdwh1 Iurp Iljv 7140715 lw lv fohdu wkdw wkhuh lv yluwxdoo|

d olqhdu gluhfwlrq ri jurzwk lq Nw dqg [w> dqg ghfd| lq \w dv wkh h�hfwv ri wkh hfrqrp|

wdnh ryhu xqwlo wkhuh lv d f|foh durxqg wkh qhz hslghplrorjlfdo0hfrqrplf vwdwlrqdu| vwdwh1



Lqihfwlrxv glvhdvh dqg hfrqrplf jurzwk= wkh fdvh ri wxehufxorvlv1 48

Ilj1 715
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Zh fdq dovr frpsduh wkh dpsolwxgh ri f|fohv lq [w> \w zlwk dqg zlwkrxw hfrqrplf

jurzwk e| lqwhjudwlqj sdwkv wkdw vwduw zlwk lghqwlfdo ydoxhv ri [3> \3 exw lq rqh fdvh

zlwk N3 @ 3 dqg lq wkh vhfrqg fdvh zlwk N3 9@ 3 ryhu wkh vdph wlph krul}rq= Ilj 716

ghprqvwudwhv vxfk d fdvh zkhuh wkh sdwkv vwduw zlwk [3 @ 5=3> \3 @ 3=7 dqg zlwk ydu|lqj

ydoxhv ri N3= Wkh uhvxow lqglfdwhv wkdw wkh f|fohv lq [w dqg \w kdyh pxfk orzhu dpsolwxgh

zkhq N3 9@ 3=

Ilj1 716

Iru wkh fdvh lq zklfk wkh qhw eluwk udwh ghfuhdvhv zlwk survshulw| zh vhohfw p @ �4>

t @ 3=:> u @ 3=6> v @ 3=5> ! @ 3=4> �3 @ 3=35> �4 =@ �3=35> �5 @ 4> �
3
@ 3=4> �

4
=@ 3=6>

�
5
@ 4> $3 @ 3=5> $4 =@ 3=5> $5 @ 41 Wkh qhw eluwk udwh sdudphwhuv duh vhohfwhg iru

frpsdulvrq zlwk wkh � lqfuhdvlqj fdvh wr jlyh d qhw eluwk udwh zkhq fdslwdo vwrfn lv }hur ri
7(1 Iurp +57,0+59, lw lv hylghqw wkdw rqo| wkh vwdwlrqdu| vwdwh ohyho ri wkh vlfn lv d�hfwhg
e| yduldwlrq lq wkh irup ri �> wklv lv vkrzq lq wkh qhz vwdwlrqdu| vwdwhv zklfk ehfrph

[�

@ 4=:54>\ � @ 3=4:54>N� @ 7=4;3 +74,

[
� @ 4=333> \ � @ 3=433> N� @ 3> +75,

[
� @ 3> \ � @ 3> N� @ 3> +76,

Wkhuh lv dovr olwwoh fkdqjh lq wkh hljhqydoxhv ri wkh olqhdulvdwlrqv= durxqg wkh �uvw vwd0
wlrqdu| vwdwh +74, wkh urrwv duh=

�4 @ �=33: . =33:l> �5 @ �=33:� =33:l> �6 @ �3=3:; +77,

zklfk fruuhvsrqgv wr wkh fdvh ri d sdlu ri frpsoh{ frqmxjdwhv dqg rqh qhjdwlyh uhdo
urrw +irfxv vlqn zlwk srvlwlyh dwwudfwru,1 Durxqg wkh vhfrqg vwdwlrqdu| vwdwh +75, wkh
hljhqydoxhv duh=

�4 @ 3=459l> �5 @ �3=459l> �6 @ 3=89: +78,
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Djdlq vlqfh wkh ghulydwlyhv ri wkh surgxfwlrq ixqfwlrq duh qrw xqltxho| gh�qhg dv Nw $

3>[w $ 3> zh gr qrw dwwhpsw wr olqhdulvh durxqg wkh ruljlq1 Khuh wkh hslghplrorjlfdo0

hfrqrplf vwdwlrqdu| vwdwh suhydohqfh ri wkh glvhdvh lv lghqwlfdo wr wkdw zkhuh wkhuh duh
qr hfrqrplf h�hfwv rq wkh hslghplrorjlfdo sdudphwhuv> dv vwdwhg deryh/ lq wklv fdvh wkh

suhydohqfh pd| hlwkhu ulvh ru idoo xqghu wkh lq xhqfh ri hfrqrplf h�hfwv1 Wrwdo srsxodwlrq

kdv djdlq lqfuhdvhg e| derxw 98( dqg lq wkh hslghplrorjlfdo0hfrqrplf htxloleulxp wkh

qhw jurzwk udwh ri vxvfhswleohv lv 3=355= Sduwo| wkhvh uhvxowv duh gulyhq e| wkh hfrqrplf

sdudphwhuv> wkh vdylqjv udwh/ wkh ghsuhfldwlrq udwh dqg wkh hodvwlflw| ri vxevwlwxwlrq duh
doo lpsruwdqw1

Iru wklv fdvh zkhuh wkh qhw eluwk udwh lv d ghfuhdvlqj ixqfwlrq ri hfrqrplf survshulw|

qxphulfdo lqwhjudwlrq ri wkh qrqolqhdu gl�huhqwldo htxdwlrqv jlyhv Ilj1 71707181

Ilj1 717

Iljxuh 717 vkrzv wkh joredo skdvh vsdfh zlwk wkh wkuhh vwdwlrqdu| vwdwhv> Iljxuh 718

vkrzv vpdoo uhjlrqv durxqg wkh vwdwlrqdu| vwdwhv rwkhu wkdq wkh ruljlq> wkh kljkhu ri wkhvh

lv d irfxv vlqn zlwk srvlwlyh dwwudfwru dqg wkh orzhu rqh lv d 6G fhqwuh zlwk dq dgglwlrqdo

qhjdwlyh dwwudfwru1 Wkh lqwhusuhwdwlrq ri wkh g|qdplfv lv vlplodu wr wkh fdvh lq zklfk wkh

qhw eluwk udwh ulvhv zlwk survshulw|> wkh pdlq gl�huhqfh ehwzhhq wkh wzr fdvhv ehlqj wkdw
wkh suhydohqfh ri wkh glvhdvh lq wkh �uvw vwdwlrqdu| vwdwh lv orzhu khuh1

Li zh vhw � @ 3 dqg �5 @ 3 wkh v|vwhp +56, uhgxfhv wr d Vrorz0Vzdq jurzwk prgho lq
zklfk wkh khdowk| vxvfhswleohv jurz dw wkh h{rjhqrxv udwh �3 � �4 dqg wkh vlfn glh rxw
dw wkh udwh $ dqg kdyh qr lqihfwlrxv h�hfw rq wkh hfrqrp|1 Li rqo| � @ 3 zh kdyh dq
hqgrjhqrxv jurzwk prgho lq zklfk wkhuh lv qr lqwhudfwlrq ehwzhhq wkh lqihfwhg dqg wkh
khdowk| shrsoh +l1h1 vhjuhjdwlrq, dqg wkh vlfn djdlq glh rxw exw wkh jurzwk udwh ri wkh
khdowk| vxvfhswleohv lv hqgrjhqrxv zlwk � ydu|lqj zlwk wkh fdslwdo khdowk| oderxu udwlr1
Wkh h�hfw ri wkh wzr zd| lqwhudfwlrq ehwzhhq wkh surgxfwlyh fdsdflw| ri wkh hfrqrp|
dqg wkh hslghplrorjlfdo vwuxfwxuh fdq eh hdvlo| dqdo|vhg e| frpsdulqj wkhvh vshfldo fdvhv
zlwk wkh hslghplrorjlfdo0hfrqrplf vwdwlrqdu| vwdwhv1 Wkh Vrorz0Vzdq prgho zlwk � @ 3

dqg �5 @ 3 zkhuh wkh khdowk| zrun irufh jurzv dw d frqvwdqw udwh ri 3=37 kdv d xqltxh
vwhdg| vwdwh fdslwdo oderxu udwlr ri 4=94 iru wkh sdudphwhu ydoxhv fruuhvsrqglqj wr Iljxuh

714 +wklv vroyhv N@[ @
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wkh vwhdg| vwdwh N@[ udwlr lv 4=746 dqg wkh frpprq jurzwk udwh ri fdslwdo dqg khdowk|
oderxu lv 3=3881 Wkh lpsdfw ri ulvlqj survshulw| rq wkh qhw khdowk| jurzwk udwh ohdgv wr dq
lqfuhdvh lq wkh vwhdg| vwdwh jurzwk udwh dqg d uhgxfwlrq lq wkh vwhdg| vwdwh fdslwdo khdowk|
oderxu udwlr1 Lq wkh hslghplrorjlfdo0hfrqrplf vwdwlrqdu| vwdwh wkh fdslwdo khdowk| oderxu
udwlr lv 5=76 vr wkdw wkh lqihfwlrq surfhvv kdv d vx!flhqwo| vwurqj h�hfw lq uhgxflqj wkh
khdowk| zrun irufh wr vkduso| lqfuhdvh wkh fdslwdo khdowk| oderxu udwlr1 Qrwh wkdw lq wkh
hqgrjhqrxv jurzwk dqg Vrorz0Vzdq vshfldol}dwlrq/ zkhuh � @ 3 dqg wkhuh lv vhjuhjdwlrq/
lq wkh orqj0uxq wkh WE suhydohqfh lv }hur1

Ilj1 718
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Ryhudoo wkh lpsdfw ri dgglqj hfrqrplf vwuxfwxuh wr wkh hslghplrorjlfdo surfhvv ohdgv
wr=

+l, d qhz hslghplrorjlfdo0hfrqrplf htxloleulxp zlwk jhqhudoo| d kljkhu khdowk| zrun
irufh exw zlwk hlwkhu d kljkhu ru orzhu suhydohqfh ri wkh glvhdvh ghshqglqj rq wkh ehkdylrxu
ri wkh hslghplrorjlfdo sdudphwhuv>

+ll, wkh qhz htxloleulxp ehlqj dq dwwudfwru iru d zlgh udqjh ri lqlwldo frqglwlrqv dqg
zkrvh g|qdplfv sxvkhv wkh v|vwhp dzd| iurp wkh hslghplrorjlfdo vwdwhv zlwk Nw @ 3

wrzdugv wkh hslghplrorjlfdo0hfrqrplf htxloleulxp>
+lll, vkrfnv zklfk glvsodfh wkh hslghplrorjlfdo0hfrqrplf v|vwhp dzd| iurp lwv vwdwlrq0

du| vwdwh wkdw pd| ohdg wr f|fohv ri pxfk orzhu dpsolwxgh lq wkh srsxodwlrq vwuxfwxuh
wkdq zh zrxog revhuyh lq wkh htxlydohqw hslghplrorjlfdo prgho zkhuh Nw @ 31

Wkh hslghplrorjlfdo htxloleulxp uhdsshduv lq wkh hslghplrorjlfdo0hfrqrplf prgho exw
dv dq xqvwdeoh htxloleulxp> dv zhoo dv wklv/ wkh suhvhqfh ri glvhdvh holplqdwhv wkh srvvlelolw|
ri vwhdg| jurzwk1 Krzhyhu/ frpsduhg zlwk wkh sxuh hslghplrorjlfdo v|vwhp/ suhvhqfh ri
wkh hfrqrp| doorzv wkh v|vwhp wr vhwwoh grzq dw d vwdwlrqdu| vwdwh diwhu vrph lqlwldo
f|folfdo g|qdplfv/ wkxv dyrlglqj shushwxdo hslghplf f|fohv1

81 Frqfoxvlrqv

Pxfk ri wkh hduolhu olwhudwxuh rq wkh g|qdplfv ri lqihfwlrxv glvhdvhv xvhv suhgdwru0suh|
w|sh prghov> wkhvh duh phfkdqlvwlf exw wkh| doorz xv wr xqghuvwdqg wkh edvlf lqihfwlrq
surfhvv1 E| vxuyh|lqj uhfhqw frqwulexwlrqv wr wkh dqdo|vlv ri WE/ zh vkrz wkdw/ dowkrxjk
wkhuh lv d whqvlrq ehwzhhq ghvfulswlyh uhdolvp dqg dqdo|wlfdo wudfwdelolw|/ wkh prghov duh
vx!flhqwo|  h{leoh wr dffrpprgdwh vrph ri wkh pdmru lqwhudfwlrqv1 Ixuwkhupruh/ e|
kljkoljkwlqj fuxfldo vwhsv lq wkh fkdlq ri lqihfwlrq wkh| doorz xv wr irfxv rq srlqwv dw
zklfk hfrqrplf irufhv fdq kdyh dq lpsdfw rq wkh g|qdplfv ri wkh glvhdvh1 Jlyhq wklv
dssurdfk/ rxu fhqwudo sxusrvh kdv ehhq wr od| rxw d iudphzrun ri wkh wzr0zd| lqwhudf0
wlrqv ehwzhhq wkh glvhdvh/ srsxodwlrq vwuxfwxuh dqg wkh hfrqrp|1 Lq dq hfrqrplf prgho
zlwk d surgxfwlyh fdsdflw| wkdw ghshqgv rq kxpdq lqsxwv/ wkh WE hslghplf d�hfwv wkh
surgxfwlylw| ri wkh hfrqrplf v|vwhp1 Krzhyhu/ WE lv sduwo| frqwuroohg e| wkh jhqhudo
ohyho ri hfrqrplf survshulw|> dv vxfk/ hyhq zlwkrxw dq| frqvflrxv srolf| lqlwldwlyh wkhuh
duh hfrqrplf h�hfwv wr frqwuro lwv vsuhdg1

Zh rxwolqh d prgho ri wkh lqwhudfwlrq ehwzhhq WE lqihfwlrxv glvhdvh dqg d g|qdplf
hfrqrplf jurzwk prgho zklfk xvhv fdslwdo vwrfn dqg xqlqihfwhg oderxu dv lqsxwv1 Zh �qg
wkdw wkh g|qdplfv duh yhu| ulfk= wkhuh duh wkuhh vwdwlrqdu| vwdwhv/ dqg zklovw orfdo g|qdp0
lfv durxqg rqh ri wkhvh lv uhodwlyho| vwudljkwiruzdug/ durxqg wkh rwkhu wzr wkhuh lv d srv0
vleoh glyhuvlw| ri ehkdylrxu1 Wzr ri wkh vwdwlrqdu| vwdwhv lqyroyh }hur surgxfwlyh fdslwdo
dqg uhsolfdwh wkh edvlf suhgdwru0suh| vwdwlrqdu| vwdwhv> wkh wklug lv dq hslghplrorjlfdo0
hfrqrplf htxloleulxp lq zklfk wkh hfrqrp| dqg wkh glvhdvh frh{lvw1 Zkhq wkh orfdo
g|qdplfv ri wkh gl�huhqw vwdwlrqdu| vwdwhv duh sdvwhg wrjhwkhu wr jlyh d joredo ylhz ri wkh
skdvh vsdfh/ wkhuh pd| eh gl�huhqw w|shv ri wudqvlwlrq ehwzhhq wkh gl�huhqw htxloleuld1
Hfrqrplf jurzwk fdqqrw gulyh wkh glvhdvh suhydohqfh wr }hur exw fdq pdnh lw vhwwoh grzq
wr dq hqghplf ohyho lq wkh srsxodwlrq1 Xvlqj sodxvleoh sdudphwhu ydoxhv lq wklv prgho
zh �qg wkdw wkh suhvhqfh ri surgxfwlyh fdslwdo jhqhudoo| sxvkhv wkh v|vwhp dzd| iurp
d sxuh hslghplf f|foh prgho wrzdugv wkh hslghplrorjlfdo0hfrqrplf vwdwlrqdu| vwdwh> wkdw
lqlwldoo| mxvw d vpdoo lqmhfwlrq ri fdslwdo ohdgv wr d udslg ulvh lq survshulw| dqg vkliw ri
uhjlph wrzdugv wklv qhz vwdwlrqdu| vwdwh dqg wkdw dorqj wkh zd| wkh dpsolwxgh ri f|fohv lq
wkh suhydohqfh ri wkh glvhdvh idoov1 Dw wkh qhz hslghplrorjlfdo0hfrqrplf vwdwlrqdu| vwdwh
wkh suhydohqfh ri wkh glvhdvh pd| eh kljkhu ru orzhu wkdq lq wkh devhqfh ri surgxfwlyh
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fdslwdo ghshqglqj rq wkh ehkdylrxu ri wkh hslghplrorjlfdo sdudphwhuv1
Rxu lqlwldo frqfhuq zdv wr h{soruh wkh frqwuro ri glvhdvh wkurxjk hfrqrplf jurzwk lq

ylhz ri wkh hylghqfh wkdw wdujhwhg frqwuro surjudpphv +h1j1 ydfflqdwlrq, kdyh olplwhg
vxffhvv dqg wkh orqj whup klvwrulfdo hylghqfh wkdw zkhuh WE kdv ehhq odujho| holplqdwhg/
lw zdv qrw dfklhyhg wkurxjk wdujhwhg srolf|1 Zh �qg wkdw jurzwk grhv kdyh dq lpsdfw
exw lv xqolnho| lwvhoi wr holplqdwh wkh glvhdvh1 Ri frxuvh wkh prghov khuh duh vw|olvhg vlp0
sol�fdwlrqv> lq sduwlfxodu wkhuh lv qr vsdwldo glphqvlrq vr wkdw wkh vhjuhjdwlrq2txdudqwlqh
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Uhihuhqfhv

Doyl/ D1 U1 hw do1 +4<<;,1 �Suhydohqfh ri sxoprqdu| wxehufxorvlv rq wkh urri ri wkh
zruog�/ Lqwhuqdwlrqdo Mrxuqdo ri Wxehufxorvlv dqg Oxqj Glvhdvhv/ 5 +44,/ <3<0<461

Dqghuvrq/ U1 P1 dqg Pd|/ U1 P1 +4<<4,1 Lqihfwlrxv Glvhdvhv ri Kxpdqv/ R{irug
Vflhqfh Sxeolfdwlrqv/ R{irug1

Dqghuvrq/ U1 W1 hw do1 +4<<:,1 Pruwdolw| H�hfwv ri Frppxqlw| Vrflrhfrqrplf
Vwdwxv/ Hslghplrorj|/ Yro1 ;/ 4/ 7507:1

Eduqkrruq/ I1 dqg Dgulddqvh/ K1 +4<<5,1 �Lq vhdufk ri idfwruv uhvsrqvleoh iru
qrqfrpsoldqfh dprqj wxehufxorvlv sdwlhqwv lq Zdugkd Glvwulfw/ Lqgld�/ Vrfldo Vflhqfh
dqg Phglflqh/ 67/ 5<41

Eorzhu/ V1 P1 hw do1 +4<<8,1 �Wkh Lqwulqvlf Wudqvplvvlrq G|qdplfv ri WE Hsl0
ghplfv�/ Qdwxuh Phglflqh/ 4/ ;/ ;480;541

Eduwho/ D1 dqg Wdxepdq/ S1 +4<:<,1 �Khdowk dqg oderu pdunhw vxffhvv= Wkh uroh
ri ydulrxv glvhdvhv�/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ 94/ 40;1

Fkdspdq/ N1 V1 dqg Kdulkdudq J1 +4<<6,1 Frqwuroolqj iru Fdxvdolw| lq wkh Olqn
iurp Lqfrph wr Pruwdolw|/ Wkh Mrxuqdo ri Kxpdq Uhvrxufhv/ 59/ 4/ 40591

Fkdxohw/ S1 +4<;:,1 �Frpsoldqfh zlwk dqwl0wxehufxorvlv fkhprwkhuds| lq ghyhorslqj
frxqwulhv�/ Wxehufoh/ vxsso1/ 9;/ 4<1

Fkdq0\hxqj/ P1 hw do1 +4<:4,1 �Uhdfwlydwlrq ri Lqdfwlyh Wxehufxorvlv lq Qruwkhuq
Fdqdgd�/ Dphulfdq Uhylhz ri Uhvsludwru| Glvhdvhv/ 437/ ;940;981

Frpvwrfn/ J1 Z1 +4<;5,1 �Hslghplrorj| ri Wxehufxorvlv�/ Dphulfdq Uhylhz ri

Uhvsludwru| Glvhdvhv/ 458/ ;0481
Gdvjxswd/ S1 +4<<:,1�Qxwulwlrqdo vwdwxv/ wkh fdsdflw| iru zrun dqg sryhuw| wudsv�/

Mrxuqdo ri Hfrqrphwulfv/ ::/ 4/ 806:1
Gh Frfn/ N1 P1 dqg Fkdlvvrq/ U1 H1 +4<<<,1 �Zloo GRWV gr lwB D uhdssudlvdo ri

wxehufxorvlv frqwuro lq frxqwulhv zlwk kljk udwhv ri KLY lqihfwlrq�/ Lqwhuqdwlrqdo Mrxuqdo
ri Wxehufxorvlv dqg Oxqj Glvhdvhv/ 6 +9,/ 78:07981

Gho�qr/ G1 dqg Vlpprqv/ S1 M1 +4<<<,1 Khdowk dqg Hfrqrplf Jurzwk zlwk Lqihf0

wlrxv Glvhdvhv/ Glvfxvvlrq Sdshu <<265/ Ghsduwphqw ri Hfrqrplfv dqg Uhodwhg Vwxglhv/
Xqlyhuvlw| ri \run1

Hkuolfk/ L1 dqg Oxl/ I1 +4<<:,1 �Wkh sureohp ri srsxodwlrq dqg jurzwk= D uhylhz
ri wkh olwhudwxuh iurp Pdowkxv wr frqwhpsrudu| prghov ri hqgrjhqrxv srsxodwlrq dqg
hqgrjhqrxv jurzwk�/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ 54/ 53805751

Hwwqhu/ V1 O1 +4<<9,1 �Qhz hylghqfh rq wkh uhodwlrqvkls ehwzhhq lqfrph dqg khdowk�/
Mrxuqdo ri Khdowk Hfrqrplfv/ 48/ 9:0;81

Iduphu/ S1 hw do1 +4<<5,1 �Vrfldo vflhqwlvwv dqg wkh qhz wxehufxorvlv�/ Vrfldo Vflhqfh
dqg Phglflqh/ Yro1 77/ q1 6/ 67:068;1

Ihlqvwhlq/ M1 V1 +4<<6,1 �Wkh Uhodwlrqvkls ehwzhhq Vrflrhfrqrplf Vwdwxv dqg
Khdowk= D Uhylhz ri wkh Olwhudwxuh�/ Wkh Ploedqn Txduwhuo|/ Yro1 :4/ 5/ 5:<06551

Ju}|erzvnl/ V1 hw do1 +4<98,1 �Uhdfwlydwlrq lq lqdfwlyh�/ Dphulfdq Uhylhz ri

Uhvsludwru| Glvhdvh/ Yro1 <6/ 68506941
Lqwhuqdwlrqdo Xqlrq Djdlqvw Wxehufxorvlv dqg Oxqj Glvhdvh +LXDWOG,/

+4<<9,1 Wxehufxorvlv Jxlgh iru Orz Lqfrph Frxqwulhv/ Sdulv1
Ohh/ U1 G1 +4<<:,1 �Srsxodwlrq G|qdplfv= Htxloleulxp/ Glvhtxloleulxp/ dqg Frqvh0

txhqfhv ri Ioxfwxdwlrqv�/ lq Urvhq}zhlj/ P1 U1 dqg Vwdun/ R1/ Hgv1/ +4<<:,1 Kdqgerrn ri

Srsxodwlrq dqg Idplo| Hfrqrplfv/ Yro1 4E/ Hovhylhu/ Dpvwhugdp1
Ohh/ O1 I1+4<;5,1 �Khdowk dqg zdjh= d vlpxowdqhrxv htxdwlrqv prgho zlwk pxowlsoh

glvfuhwh lqglfdwruv�/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 56/ 4<505551
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Olqfroq/ G1 Z1 +4<<6,1 �Uhsurgxfwlyh khdowk/ srsxodwlrq jurzwk/ hfrqrplf ghyho0
rsphqw dqg hqylurqphqwdo fkdqjh�/ FLED Irxqgdwlrq V|psrvld/ Yro1 4:8/ 4<:05471

Orwnd/ D1 M1/ +4<58,1 Hohphqwv ri Sk|vlfdo Elrorj|/ Edowlpruh Krsnlqv ) Zlooldpv1
Oxiw/ K1 V1 +4<:8,1 �Wkh lpsdfw ri srru khdowk rq hduqlqjv�/ Uhylhz ri Hfrqrplfv

dqg Vwdwlvwlfv/ 8:/ 7608:1
Nh|qrq/ W1 D1 hw do1 +4<<<,1 �Orz ohyhov ri guxj uhvlvwdqfh dplgvw udslgo| lqfuhdvlqj

wxehufxorvlv dqg kxpdq lppxqrgh�flhqf| yluxv fr0hslghplfv lq Erwvzdqd�/ Lqwhuqdwlrqdo
Mrxuqdo ri Wxehufxorvlv dqg Oxqj Glvhdvhv/ 6 +4,/ 70441

Nlphuolqj/ P1 H1 hw do1 +4<<<,1 �Lqdghtxdf| ri wkh fxuuhqw ZKR uh0wuhdwphqw
uhjlphq lq d fhqwudo Vlehuldq sulvrq= wuhdwphqw idloxuh dqg PGU0WE�/ Lqwhuqdwlrqdo

Mrxuqdo ri Wxehufxorvlv dqg Oxqj Glvhdvhv/ 6 +8,/ 78407861
Pdfnhqedfk/ M1 S1 dqg Orrpdq/ F1 Z1 Q1 +4<<7,1 �Olylqj vwdqgdugv dqg pru0

wdolw| lq wkh Hxurshdq Frppxqlw|�/ Mrxuqdo ri Hslghplrorj| dqg Frppxqlw| Khdowk/ 7;/
47304781

Pdgudv Wxehufxorvlv Lqvwlwxwh Edqjdoruh/ +4<;3,1 Wxehufxorvlv lq Uxudo Srsx0

odwlrqv ri Vrxwk Lqgld= d Ilyh0\hdu Hslghplrorjlfdo Vwxg|/ Exoohwlq ri wkh Zruog Khdowk
Rujdql}dwlrq/ 85/ 7:607;;1

Pdwd/ M1 L1 +4<;8,1 �Lqwhjudwlqj wkh folhqw*v shuvshfwlyh lq sodqqlqj d wxehufxorvlv
hgxfdwlrq dqg wuhdwphqw surjudp lq Krqgxudv�/ Phglfdo Dqwkursrorj|/ </ 4/ 8:1

Pd|/ U1 P1 dqg Dqghuvrq/ U1 P1 +4<;<,1 �Wkh Wudqvplvvlrq G|qdplfv ri Kxpdq
Lppxqrgh�flhqf| Yluxv�/ lq Ohylq/ V1 D1 hw do1/ Hgv1 Dssolhg Pdwkhpdwlfdo Hfrorj|/
Vsulqj0Yhuodj1

Phq}lhv/ U1 hw do1 +4<<6,1 �Idfwruv dvvrfldwhg zlwk frpsoldqfh lq wuhdwphqw ri
wxehufxorvlv�/ Wxehufoh dqg Oxqj Glvhdvh/ :7/ 651

Pxwdwndu/ U1 N1 +4<<8,1 �Sxeolf khdowk sureohpv ri xuedql}dwlrq�/ Vrfldo Vflhqfh
dqg Phglflqh/ Yro1 74/ q1 :/ <::0<;41

Qdughoo/ H1 dw do1 +4<;9,1 �H{rjhqrxv Uhlqihfwlrq zlwk Wxehufxorvlv lq d Vkhowhu
iru wkh Krphohvv1�/ Wkh Qhz Hqjodqg Mrxuqdo ri Phglflqh/ 648/ 48:3048:81

Qhwwr/ H1 P1 hw do1 +4<<<,1 �Surjuhvv lq joredo wxehufxorvlv frqwuro 4<<804<<9/ zlwk
hpskdvlv rq 55 kljk0lqflghqfh frxqwulhv�/ Lqwhuqdwlrqdo Mrxuqdo ri Wxehufxorvlv dqg Oxqj

Glvhdvhv/ 6 +7,/ 64306531
Qljkwlqjdoh/ H1 R1 hw do1 +4<<3,1 �Dsduwkhlg phglflqh1 Khdowk dqg kxpdq uljkwv

lq Vrxwk Diulfd�/ Mrxuqdo ri wkh Dphulfdq Phglfdo Dvvrfldwlrq/ 597/ 49/ 53<:1
Sdfndug/ U1 +4<;<,1 Zklwh Sodjxh/ Eodfn Oderu= Wxehufxorvlv dqg wkh Srolwlfdo Hfrq0

rp| ri Khdowk dqg Glvhdvh lq Vrxwk Diulfd/ Xqlyhuvlw| ri Fdoliruqld Suhvv/ Ehunhoh|1
Skloolsv/ G1 U1 +4<<6,1 �Xuedql}dwlrq dqg kxpdq khdowk�/ Sdudvlwrorj|/ 439/ V<60

V43:1
Slokhx/ M1 D1 +4<<;,1 �Wxehufxorvlv 5333= sureohpv dqg vroxwlrqv�/ Lqwhuqdwlrqdo

Mrxuqdo ri Wxehufxorvlv dqg Oxqj Glvhdvhv/ 5 +<,/ 9<90:361
Uhlfkpdq/ O1 E1 +4<<:,1 �Wxehufxorvlv holplqdwlrq 0 zkdw*v wr vwrs xvB�/ Lqwhuqd0

wlrqdo Mrxuqdo ri Wxehufxorvlv dqg Oxqj Glvhdvhv/ 4 +4,/ 60441
Urelqvrq/ M1 D1 dqg Vulqlydvdq/ W1 Q1 +4<<:,1 �Orqj0Whup Frqvhtxhqfhv ri

Srsxodwlrq Jurzwk�/ lq Urvhq}zhlj/ P1 U1 dqg Vwdun/ R1/ Hgv1/ +4<<:,1 Kdqgerrn ri

Srsxodwlrq dqg Idplo| Hfrqrplfv/ yro1 4E/ Hovhylhu/ Dpvwhugdp1
Uxeho/ D1 dqg Jdoor/ O1 +4<<5,1 �Vrfldo dqg fxowxudo idfwruv lq wkh vxffhvvixo

frqwuro ri wxehufxorvlv�/ Sxeolf Khdowk Uhsruw/ 43:/ 9591
Vwhskhqv/ F1 +4<<8,1 �Wkh Xuedq0Hqylurqphqw/ Sryhuw| dqg Khdowk lq Ghyhorslqj

Frxqwulhv�/ Khdowk Srolf| dqg Sodqqlqj/ Yro1 43/ 5/ 43<04541



Lqihfwlrxv glvhdvh dqg hfrqrplf jurzwk= wkh fdvh ri wxehufxorvlv1 5;

Vxpduwrmr/ H1 +4<<6,1 �Zkhq wxehufxorvlv wuhdwphqw idlov= d vrfldo ehkdylrudo df0
frxqw ri sdwlhqw dgkhuhqfh�/ Dphulfdq Uhylhz ri Uhvsludwru| Glvhdvh/ 47:/ 46441

Yrowhuud/ Y1 +4<59,1 �Yduld}lrql h  xwwxd}lrql gho qxphur gl lqglylgxl lq vshflh
dqlpdol frqylyhqwl�/ Php1 U1 Dfdghpld Qd}lrqdoh ghl Olqfhl/ 5/ 6404461

Vhsnrzlw}/ N1 D1 +4<<9,1 �Krz Frqwdjlrxv lv WxehufxorvlvB�/ Folqlfdo Lqihfwlrxv
Glvhdvhv/ 56/ 8/ <870<951

Xqlwhg Qdwlrqv +XQ, +4<<9d,1 Zruog Xuedql}dwlrq Survshfwv= Wkh 4<<9 Uhylvlrq1

XQ +4<<9e,1 Xqlwhg Qdwlrqv Xuedq Djjorphudwlrq Fkduw1

XQ +4<<:,1 Wkh Xuedq Fkdoohqjh1
XQ +4<<;,1 Vwdwh ri wkh Zruog Srsxodwlrq= Wkh Qhz Jhqhudwlrqv1

XQXqlyhuvlw|2Zruog Lqvwlwxwh iru Ghyhorsphqw Uhvhdufk +XQX2ZLGHU,
+4<<;d, Khdowk Vwdwxv dqg Khdowk Srolflhv lq Vxe0Vdkduldq Diulfd= D Orqj0Whup Shuvshf0

wlyh/ Zrunlqj Sdshu q14741
XQX2ZLGHU +4<<;e,1 Wkh Xuedq Fkdoohqjh lq Diulfd1 Jurzwk dqg Pdqdjhphqw

ri Lwv Odujh Flwlhv1
Yhukxovw/ I1 +4<<3,1 Qrqolqhdu Gl�huhqwldo htxdwlrqv dqg G|qdplfdo V|vwhpv/ 5qg

Hg1/ Vsulqjhu0Yhuodj/ Ehuolq1
Y|qq|fn|/ H1 dqg Ilqh/ S1 H1 P1 +4<<:,1 �Wkh qdwxudo k|vwru| ri wxehufxorvlv= wkh

lpsolfdwlrqv ri djh0ghshqghqw ulvnv ri glvhdvh dqg wkh uroh ri uhlqihfwlrq�/ Hslghplrorjlfdo

Lqihfwlrqv/ 44</ 4;605341
Zdogpdqq/ U1 M1 +4<<5,1 �Lqfrph0glvwulexwlrq dqg lqidqw pruwdolw|�/ Txduwho|

Mrxuqdo ri Hfrqrplfv/ Yro1 43:/ 7/ 45;6046351
Zdoodfh/ U1 dqg Zdoodfh/ G1 +4<<:,1 �Wkh Ghvwuxfwlrq ri XV Plqrulw| Xuedq

Frppxqlwlhv dqg wkh Uhvxujhqfh ri Wxehufxorvlv= Hfrv|vwhp G|qdplfv ri wkh Zklwh
Sodjxh lq wkh Ghyhorslqj Zruog1� Hqylurqphqw dqg Sodqqlqj D/ 5</ 59<05<41

Zdwwv/ V1 +4<<:,1 Glvhdvh/ Srzhu dqg Lpshuldolvp/ \doh Xqlyhuvlw| Suhvv/ Qhz Kdyhq
dqg Orqgrq1

Zhdwkhudoo/ G1 M1 hw do1 +4<<9,1 R{irug Wh{werrn ri Phglflqh/ 6ug hg1/ R{irug
Xqlyhuvlw| Suhvv/ R{irug/ Qhz \run dqg Wrn|r1

Zruog Khdowk Rujdql}dwlrq +ZKR, +4<<6,1 Wkh Xuedq Khdowk Fulvlv Vwudwhjlhv

iru Khdowk iru Doo lq wkh Idfh ri Udslg Xuedql}dwlrq1

ZKR +4<<9,1 Xuedql}dwlrq= D Joredo Khdowk Fkdoohqjh/ Surfhhglqjv ri d ZKR
V|psrvlxp/ Nreh/ Mdsdq1

ZKR +4<<;d,1 Wxehufxorvlv dqg KLY1 D Folqlfdo Pdqxdo/ grzqordghg iurp ZKR*v
ZZZ sdjh kwws=22zzz1zkr1fk

ZKR +4<<;e,1 ZKR Uhsruw rq Wxehufxorvlv Hslghplf1
ZKR +4<<<d,1 Joredo Wxehufxorvlv Frqwuro1 ZKR Uhsruw 4<<<1
ZKR +4<<<e,1 Wkh Zruog Khdowk Uhsruw 4<<<1 Pdnlqj d Gl�huhqfh1

]xpod/ D1 +4<<;,1 �Hvwdeolvklqj d xqlwhg iurqw djdlqvw wkh lqmxvwlfh ri wxehufxorvlv�/
Lqwhuqdwlrqdo Mrxuqdo ri Wxehufxorvlv dqg Oxqj Glvhdvhv/ 5 +6,/ 4:<04;41


