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Ghpdqg srolf| lq wkh orqj uxq

Shwhu Vnrww
Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Ddukxv

Hpdlo= svnrwwChfrq1dx1gn

Ghfhpehu ;/ 5333

Devwudfw

Wklv sdshu dqdo|vhv wkh xvh ri djjuhjdwh ghpdqg srolflhv wr hqvxuh ixoo0
hpsor|phqw jurzwk lq wkh orqj uxq1 Wkh uhvxowv vxssruw Ylfwruld Fklfn*v
zduqlqj lq Pdfurhfrqrplfv diwhu Nh|qhv djdlqvw wkh plvdssolfdwlrq ri
vkruw0uxq Nh|qhvldq srolf| suhvfulswlrqv wr orqj0uxq sureohpv1

MHO Fodvvl�fdwlrq= H45

Nh| zrugv= ghpdqg srolf|/ orqj0uxq xqhpsor|phqw/ zduudqwhg jurzwk

Wr dsshdu lq d ihvwvfkuliw iru Ylfwruld Fklfn hglwhg e| Sklols Duhvwlv/
Phjkqdg Ghvdl dqg Vkhlod Grz +Urxwohgjh 5334,1

4 Lqwurgxfwlrq

cP| wkhvlv lv wkdw d urrw fdxvh ri wkh fxuuhqw lq dwlrq lv d plv0
dssolfdwlrq ri d srolf| suhvfulswlrq ri wkh Jhqhudo Wkhru|> d srolf|
ghvljqhg dv d vkruw0uxq uhphg| kdv ehhq wxuqhg lqwr d orqj0uxq vwlp0
xoxv wr jurzwk/ zlwkrxw h{dplqlqj lwv orqj0uxq lpsolfdwlrqv1* +Fklfn
4<;6/ s1 66;,

Wkh sulqflsoh ri h�hfwlyh ghpdqg lv dw wkh fhqwuh ri Nh|qhv*v wkhru|1 Iru doo
wkh ghyhorsphqwv/ h{whqvlrqv dqg/ lq vrph fdvhv/ rxwuljkw glvwruwlrqv ri Nh|qhv*v
lghdv/ prvw cNh|qhvldqv* vwloo ylhz wkh ohyho ri djjuhjdwh ghpdqg dv d fulwlfdo dqg
lqghshqghqw ghwhuplqdqw ri hfrqrplf dfwlylw| lq wkh vkruw uxq1 Zkhq lw frphv
wr wkh orqj uxq/ krzhyhu/ srvlwlrqv gl�hu1

Qhz Nh|qhvldqv 0 olnh wkh wudglwlrqdo qhrfodvvlfdo v|qwkhvlv 0 vhh djjuhjdwh
ghpdqg dv dq dffrpprgdwlqj yduldeoh lq wkh orqj uxq1 Sulfh dqg zdjh vwlfnlqhvv
pd| suhyhqw htxloleulxp lq wkh oderxu pdunhw lq wkh vkruw uxq exw dowkrxjk wkh
dgmxvwphqw pd| eh vorz/ pdunhw irufhv zloo judgxdoo| uhhvwdeolvk oderxu pdunhw
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htxloleulxp1 Wklv frqyhujhqfh surfhvv lv phgldwhg e| wkh h�hfwv ri fkdqjhv lq
sulfhv dqg zdjhv rq erwk djjuhjdwh ghpdqg dqg djjuhjdwh vxsso|1 Xowlpdwho|/
krzhyhu/ djjuhjdwh ghpdqg zloo kdyh wr pdwfk wkh ohyho ri djjuhjdwh vxsso| wkdw
lv iruwkfrplqj zkhq hpsor|phqw lv dw lwv htxloleulxp ohyho1

Wkh Srvw0Nh|qhvldq srvlwlrq rq wkh uroh ri ghpdqg lq wkh orqj uxq lv ohvv
fohdu1 Vrph Srvw Nh|qhvldqv ylhz wkh ghpdqg vlgh dv d fulwlfdo lq xhqfh/ qrw mxvw
rq wkh ohyho ri lqfrph dqg hpsor|phqw exw rq wkh orqj0uxq udwh ri jurzwk1 Rqh
fdq dovr/ krzhyhu/ �qg Srvw0Nh|qhvldqv zkr wdnh d pruh qhjdwlyh srvlwlrq rq wkh
uroh ri djjuhjdwh ghpdqg1 Dv lqglfdwhg e| wkh rshqlqj txrwdwlrq/ Ylfwruld Fklfn
lv dprqj wkrvh zkr kdyh h{suhvvhg vnhswlflvp frqfhuqlqj wkh xvh ri wudglwlrqdo
Nh|qhvldq srolf| wr dgguhvv orqj0uxq sureohpv1

Wkh orqj0uxq lvvxhv duh dqdo|vhg lq wkh odvw wzr fkdswhuv ri Pdfurhfrqrplfv
diwhu Nh|qhv +PDN,1 Lq dwlrq/ lw lv dujxhg/ clv ehvw xqghuvwrrg dv wkh fxoplqd0
wlrq ri d surfhvv zklfk ehjdq dw wkh hqg ri wkh Vhfrqg Zruog Zdu* +s1 66;,1
Dw wkh fhqwuh ri wklv surfhvv zdv d plvdssolfdwlrq ri Nh|qhvldq srolflhv= cWkh
vlpsoh phvvdjh wdnhq iurp wkh Jhqhudo Wkhru| zdv wkdw wr udlvh lqfrph rqh
pxvw lqyhvw1 Khqfh srvwzdu srolf| kdv r�huhg gluhfw ru lqgluhfw hqfrxudjhphqw
wr lqyhvwphqw* +s1 66;,1 Wklv/ Fklfn srlqwv rxw/ ryhuorrnhg Nh|qhv*v rzq zduq0
lqj wkdw chdfk wlph zh vhfxuh wr0gd|*v htxloleulxp e| lqfuhdvhg lqyhvwphqw zh
duh djjudydwlqj wkh gl!fxow| ri vhfxulqj htxloleulxp wrpruurz* +JW/ s1 438>
PDN/ s1 66;,1 Dv d uhvxow ri wkhvh lqfuhdvhg gl!fxowlhv/ cwkh orqj0whup h�hfw ri
vhpl0frqwlqxrxv h{sdqvlrqdu| srolf| lv erxqg wr eh lq dwlrqdu|* dqg clq dwlrq
vlqfh wkh zdu fdq eh orrnhg xsrq dv wkh uhvxow ri dwwhpswlqj wr iruhvwdoo wkh
lqhylwdeoh frqvhtxhqfhv ri dq lqfuhdvlqj fdslwdo vwrfn* +s1 66<,1

Wkhvh fodlpv duh edvhg rq dvvxpswlrqv ri d vwdeoh srsxodwlrq dqg d vodfnhq0
lqj ri wkh udwh whfkqlfdo surjuhvv iurp wkh plg 4<93v rqzdugv +ss1 67305,1 Wkh
uroh ri cfdslwdo lqdghtxdf|* lv vlqjohg rxw/ wrr1 Fdslwdo lqdghtxdf|/ Fklfn dujxhv/
lv rqh ri vl{ nh| dvvxpswlrqv xqghuo|lqj wkh Jhqhudo Wkhru|/ srvvleo| wkh prvw
edvlf ri wkh vl{ dvvxpswlrqv vlqfh lw lv wklv dvvxpswlrq zklfk mxvwl�hv wkh irfxv
rq vwlpxodwlqj lqyhvwphqw1 Li cwkh vrfldo uhwxuq iurp lqyhvwphqw lv doprvw erxqg
wr eh srvlwlyh/ wkhq doprvw dq| lqyhvwphqw lv d Jrrg Wklqj= qrw rqo| grhv lw
surylgh hpsor|phqw lq wkh vkruw uxq/ lw lv dovr d ehqh�fldo dgglwlrq wr surgxfwlyh
fdsdflw|* +s1 68<,1 Hpslulfdoo|/ wkh dvvxpswlrq ri fdslwdo lqdghtxdf| zdv uhd0
vrqdeoh lq Nh|qhv*v wlph dqg lw dovr �wwhg zhoo dw wkh ehjlqqlqj ri wkh srvwzdu
shulrg zkhq wkhuh zdv cd qhhg iru pdvvlyh fdslwdo dffxpxodwlrq iru uhfrqvwuxf0
wlrq* +s166<, 1 Fdslwdo dffxpxodwlrq/ krzhyhu/ lpsolhv wkdw judgxdoo| d vwdwh ri
lqdghtxdf| zloo wxuq lqwr rqh ri fdslwdo vdwxudwlrq/ lq zklfk cdq lqfuhphqw wr wkh
fdslwdo vwrfn fdqqrw eh h{shfwhg wr |lhog hqrxjk wr fryhu uhsodfhphqw frvw/ hyhq
li ixoo0hpsor|phqw ghpdqg lv vxvwdlqhg wkurxjkrxw* +s1 68<,1 Wklv ghyhorsphqw/
Fklfn dujxhv/ uhtxluhv d uhwklqnlqj ri wudglwlrqdo srolf|1

Wkh dujxphqw lq wkhvh fkdswhuv lv lqwuljxlqj exw shukdsv lw lv dovr idlu wr vd|
wkdw wkh suhvhqwdwlrq uhpdlqv d olwwoh vnhwfk| dqg wkdw wkh ghwdlov duh qrw ixoo|
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vshoohg rxw1 Fhuwdlqo| zkhq wkh errn dsshduhg lq 4<;6 L irxqg lw gl!fxow wr
iroorz wkh dujxphqw ghvslwh/ dv L uhfdoo/ vhyhudo olyho| glvfxvvlrqv zlwk Ylfwruld
Fklfn derxw wkhvh lvvxhv1 Uhuhdglqj wkh fkdswhu wrgd|/ L wklqn prvw ri p| plv0
jlylqjv pd| kdyh ehhq loo0irxqghg dqg wkdw wkh orjlfdo vwuxfwxuh ri wkh dujxphqw
fdq eh fdswxuhg dqg fodul�hg xvlqj d irupdo prgho1

5 D Kduurgldq ehqfkpdun

514 Wkh vwdqgdug vhwxs

Frqvlghu d forvhg/ rqh0vhfwru hfrqrp| zlwk wzr lqsxwv/ oderxu dqg fdslwdo1 Dv0
vxph/ pruhryhu/ wkdw wkh surgxfwlrq ixqfwlrq kdv �{hg frh!flhqwv dqg wkdw wkhuh
lv qr oderxu krduglqj1 Li tcg dqg u ghqrwh rxwsxw dqg wkh lqsxwv ri fdslwdo
dqg oderxu/ uhvshfwlyho|/ wkhvh dvvxpswlrqv lpso| wkdw

t ' Du � j4@ g +4,

zkhuh wkh sdudphwhuv D dqg j4@ uhsuhvhqw oderxu dqg fdslwdo surgxfwlylw| zkhq
wkh idfwruv duh ixoo| xwlol}hg1 Xqolnh wkh ohyho ri hpsor|phqw/ wkh fdslwdo vwrfn
fdqqrw eh dgmxvwhg lqvwdqwdqhrxvo|1 Wkh ghvluhg udwh ri xwlol}dwlrq ri fdslwdo
wkhuhiruh zloo eh ohvv wkdq rqh li �upv zdqw wkh  h{lelolw| wr uhvsrqg wr vkruw0
uxq  xfwxdwlrqv lq ghpdqg> wkh ghvluhg rxwsxw0fdslwdo udwlr +jW, dffruglqjo| lv
ohvv wkdq wkh cwhfkqlfdo pd{lpxp* j4@ 1 Jlyhq wkhvh dvvxpswlrqv/ d vwdqgdug
Kduurgldq lqyhvwphqw ixqfwlrq uhodwhv wkh fkdqjh lq wkh udwh ri dffxpxodwlrq wr
wkh gl�huhqfh ehwzhhq wkh dfwxdo rxwsxw0fdslwdo udwlr +j, dqg wkh ghvluhg udwlr4

_

_|
	g ' b Ej � jW� c b : f +5,

zkhuh 	g lv wkh udwh ri dffxpxodwlrq1 Lw vkrxog eh qrwhg shukdsv wkdw dowkrxjk
wkh lqwurgxfwlrq ri d vhsdudwh lqyhvwphqw ixqfwlrq lv fhqwudo wr wkh Kduurgldq
dqdo|vlv/ wkh txdolwdwlyh frqfoxvlrqv gr qrw ghshqg rq wklv suhflvh vshfl�fd0
wlrq1 Wkh dujxphqw zrxog jr wkurxjk vxevwdqwldoo| xqfkdqjhg zlwk d qrq0
dffhohudwlrqlvw vshfl�fdwlrq ri wkh irup

	g ' >f n >Ej � jW�c > : f +5*,

Wklv dowhuqdwlyh vshfl�fdwlrq kdv d gudzedfn/ krzhyhu1 Wkh vhqvlwlylw| ri lqyhvw0
phqw wr fkdqjhv lq xwlol}dwlrq lv olnho| wr ghshqg fulwlfdoo| rq wkh wlph iudph=
wkh vkruw0uxq vhqvlwlylw| xqgrxewhgo| lv txlwh orz +wkxv hqvxulqj wkh vwdelolw|

4Jurvv lqyhvwphqw fdqqrw eh qhjdwlyh vr wkh vshfl�fdwlrq ri wkh lqyhvwphqw ixqfwlrq +5,
vkrxog eh vhhq dv dq dssur{lpdwlrq1 Lq d shupdqhqw ghsuhvvlrq zlwk � ? �� wkh udwh ri
dffxpxodwlrq zloo frqyhujh wr vrph �qlwh orzhu erxqg1
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ri d vkruw0uxq Nh|qhvldq htxloleulxp, zkloh wkh orqj0uxq h�hfwv ri d shupdqhqw
fkdqjh lq xwlol}dwlrq duh olnho| wr eh yhu| vxevwdqwldo1 Wkh pdjqlwxgh ri wkh dg0
mxvwphqw sdudphwhu > lq +5*, wkxv ghshqgv rq wkh wlph iudph ri wkh dssolfdwlrq
zkloh >f vkrxog lqfoxgh wkh odjjhg h�hfwv ri sdvw glvfuhsdqflhv ehwzhhq dfwxdo dqg
ghvluhg xwlol}dwlrq udwhv15 Wkh dffhohudwlrqlvw yhuvlrq ri wkh lqyhvwphqw ixqfwlrq
lq +5, dyrlgv wkhvh sureohpv vlqfh wkh gl�huhqwldo vkruw0 dqg orqj0whup uhvsrqvh
lv exlow lqwr wkh vshfl�fdwlrq1

Lq dgglwlrq wr lqyhvwphqw ghflvlrqv/ �upv pdnh sulfh +ru rxwsxw, ghflvlrqv1
L vkdoo dvvxph wkdw rxwsxw sulfhv duh vhw dv d frqvwdqw pdunxs rq xqlw oderxu
frvw1 Khqfh/ wkh vkduh ri jurvv sur�wv lq jurvv lqfrph lv frqvwdqw/ wkdw lv/

� ' kt +6,

zkhuh � dqg k ghqrwh jurvv sur�wv dqg wkh sur�w vkduh1
Iroorzlqj Srvw0Nh|qhvldq wudglwlrq ohw xv dvvxph wkdw doo zdjh lqfrph lv

vshqw zkloh �upv2fdslwdolvwv vdyh d iudfwlrq r ri jurvv sur�wv16 Wrwdo vdylqj +7,
wkhq lv jlyhq e|

7 ' r� +7,

Wkh htxloleulxp frqglwlrq iru wkh surgxfw pdunhw/ �qdoo|/ lv jlyhq e|

7 ' U +8,

zkhuh

U '
_g

_|
n Bg +9,

lv jurvv lqyhvwphqw dqg B wkh udwh ri ghsuhfldwlrq1
Erwk wkh fdslwdo vwrfn dqg wkh udwh ri dffxpxodwlrq duh suhghwhuplqhg lq

wkh vkruw uxq dqg wkh htxloleulxp frqglwlrq +8, vhuyhv wr ghwhuplqh wkh ohyhov ri
rxwsxw dqg hpsor|phqw1 Vxevwlwxwlqj +6, dqg +7, lqwr +8, dqg uhduudqjlqj/ zh
jhw

j '
	g n B

rk
+:,

Wkh udwh ri dffxpxodwlrq dqg wkh fdslwdo vwrfn fhdvh wr eh suhghwhuplqhg rqfh
zh pryh eh|rqg wkh vkruw uxq dqg wkh g|qdplfv ri wkh v|vwhp fdq eh h{dplqhg
e| vxevwlwxwlqj htxdwlrq +:, lqwr +5,=

_

_|
	g ' bE

	g n B

rk
� jW� +;,

5Wkh shuvshfwlyh ri wkh suhvhqw dqdo|vlv lv suhgrplqdqwo| orqj whup zklfk zrxog vxjjhvw d
kljk ydoxh ri �1

6Wkh dujxphqw zrxog jr wkurxjk vxevwdqwldoo| xqfkdqjhg zlwk d vlqjoh vdylqj udwh rxw ri
wrwdo lqfrph1
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Htxdwlrq +;, kdv d vwdwlrqdu| vroxwlrq jlyhq e|

	gW ' rkjW
� B +<,

Wklv vwdwlrqdu| vroxwlrq iru wkh udwh ri dffxpxodwlrq uhsuhvhqwv wkh czduudqwhg
jurzwk udwh*1 Wkh zduudqwhg sdwk lv xqvwdeoh1 Li/ iru vrph uhdvrq/ wkh lqlwldo
ydoxh ri 	g idoov ehorz wkh vwdwlrqdu| vroxwlrq/ wkh uhvxowlqj vkruwdjh ri djjuhjdwh
ghpdqg zloo fdxvh wkh rxwsxw0fdslwdo udwlr wr eh orz/ dqg d orz rxwsxw0fdslwdo
udwlr 0 xqzdqwhg h{fhvv fdsdflw| 0 ohdgv wr ixuwkhu uhgxfwlrqv lq wkh udwh ri
dffxpxodwlrq1

Lw lv hdv|/ ri frxuvh/ wr wklqn ri idfwruv wkdw fdq fuhdwh d fhlolqj wr wkh xszdug
lqvwdelolw| lq wkh udwh ri dffxpxodwlrq +wkh reylrxv rqh lv wkh ixoo0xwlol}dwlrq fhlo0
lqj/ j � j4@ , exw h{sdqvlrqdu| Nh|qhvldq srolflhv pd| eh qhhghg wr uhyhuvh d
grzqzdug vsludo dqg eulqj wkh hfrqrp| rxw ri d ghsuhvvlrq1 Wkxv/ wkh lqvwdelolw|
ri wkh zduudqwhg jurzwk sdwk lpsolhv d uroh iru dfwlyh vwdelol}dwlrq1 Exw lq wklv
Kduurgldq vhwxs/ srolf| pdnhuv idfh dq dgglwlrqdo fkdoohqjh/ dvlgh iurp vwdelol}d0
wlrq= li wkh sdudphwhuv rc kc B dqg jW duh lqghshqghqw ri wkh irufhv wkdw ghwhuplqh
wkh jurzwk udwh ri oderxu irufh wkhq wkh zduudqwhg udwh zloo +doprvw fhuwdlqo|,
gl�hu iurp wkh cqdwxudo jurzwk udwh* lq wkh devhqfh ri srolf| lqwhuyhqwlrq1

515 Srolf| lqwhuyhqwlrq

Dvvxph/ iru vlpsolflw|/ wkdw wkhuh lv qr jryhuqphqw frqvxpswlrq/ wkdw wudqvihuv
+ru wd{hv, duh sursruwlrqdo wr zdjh lqfrph/ dqg wkdw wkh wudqvihu lv �qdqfhg e|
lvvxlqj jryhuqphqw ghew zlwk d uhdo udwh ri lqwhuhvw 41 Dojheudlfdoo|/

A ' �` ' �E�� k�t +43,

�� ' 4� � A +44,

zkhuh `cA dqg � ghqrwh wrwdo zdjh lqfrph/ wd{ uhyhqxh dqg jryhuqphqw ghew1
Wkh wd{ udwh lv jlyhq e| � / d qhjdwlyh ydoxh ri � uhsuhvhqwlqj qhw wudqvihuv
iurp wkh jryhuqphqw wr zrunhuv1 E| dvvxpswlrq zrunhuv vshqg zkdw wkh| hduq1
Lqwhuhvw lqfrph rq jryhuqphqw ghew wkhuhiruh dffuxhv wr �upv2fdslwdolvwv dqg
L vkdoo dvvxph wkdw fdslwdolvwv dsso| wkh vdph vdylqj udwh wr wkhlu frpelqhg
lqwhuhvw dqg sur�w lqfrph1 Dgglqj wrjhwkhu sulydwh vdylqj dqg wkh jryhuqphqw*v
exgjhw vxusoxv +sxeolf vdylqj,/ wkh htxloleulxp frqglwlrq iru wkh surgxfw pdunhw
qrz ehfrphv

U ' r Ekt n 4�� n EA � 4�� +45,

Frqvlghu �uvw wkh orqj0uxq htxdolw| ri qdwxudo dqg zduudqwhg udwhv ri jurzwk1
Vxevwlwxwlqj +9, dqg +43, lqwr +45, dqg xvlqj j ' jW/ wklv htxdol}dwlrq uhtxluhv
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wkdw

}? ' 	gW ' r EkjW n 4K� n �E�� k�jW
� 4K� B +46,

zkhuh K ' �*g lv wkh udwlr ri jryhuqphqw ghew wr wkh vwrfn ri fdslwdo dqg }? lv
wkh qdwxudo udwh ri jurzwk1 Vroylqj iru wkh wd{ udwh/ zh jhw

�W '
}? n B � rkjW

E�� k�jW
n

E�� r�4

E�� k�jW
K +47,

Wklv suhflvh fkrlfh ri wkh wd{ udwh hqvxuhv wkh htxdolw| ehwzhhq wkh zduudqwhg
dqg wkh qdwxudo jurzwk udwhv1

Vwdelol}dwlrq pd| glfwdwh ghyldwlrqv iurp wkh htxloleulxp ohyho lq +47,1 Zlwk
wkh lqwurgxfwlrq ri d sxeolf vhfwru/ wkh vkruw uxq htxloleulxp vroxwlrq iru j/
htxdwlrq +:,/ lv uhsodfhg e|

j '
	g n B n E�� r�4K

rkn E�� k��
+48,

Wklv htxdwlrq uh hfwv wkh vwdqgdug vkruw uxq uhvxow lq Nh|qhvldq prghov wkdw
rxwsxw lv lqyhuvho| uhodwhg wr wkh wd{ udwh17 Htxdwlrq +48, lq frpelqdwlrq zlwk
+5, lpso| wkdw srolf| pdnhuv qhhg wr uhgxfh +udlvh, wkh ydoxh ri � li wkh lqlwldo udwh
ri dffxpxodwlrq lv ehorz +deryh, wkh zduudqwhg udwh1 Wkh uhgxfwlrq +lqfuhdvh,
vkrxog eh odujh hqrxjk wr udlvh j deryh +uhgxfh j ehorz, jW1 Wkh lqyhvwphqw
g|qdplfv wkhq fdxvhv dffxpxodwlrq udwhv 0 dqg khqfh wkh vkruw0uxq vroxwlrq iru
j 0 wr eh ulvlqj/ dqg wkh wd{ udwh fdq eh uhwxuqhg wr lwv htxloleulxp ohyho rqfh
wkh dfwxdo udwh ri dffxpxodwlrq kdv ehfrph htxdo wr wkh qdwxudo jurzwk udwh1 E|
frqvwuxfwlrq wkh qdwxudo/ wkh dfwxdo dqg wkh zduudqwhg udwhv qrz frlqflgh dqg
wkh hfrqrp| iroorzv d vwhdg| jurzwk sdwk zlwk d frqvwdqw udwh ri hpsor|phqw1
Li wklv frqvwdqw udwh ri hpsor|phqw lv ehorz ixoo hpsor|phqw/ d whpsrudu| wd{
fxw fdq eh xvhg wr vshhg xs dffxpxodwlrq dqg udlvh hpsor|phqw jurzwk deryh
wkh qdwxudo udwh xqwlo ixoo hpsor|phqw kdv ehhq uhdfkhg1

516 Vxvwdlqdelolw|

Ryhudoo/ wkh pdqlsxodwlrq ri wd{ udwhv zrxog dsshdu wr surylgh d vroxwlrq wr
erwk ri wkh sureohpv lghqwl�hg e| Kduurg1 Vwdelol}dwlrq/ krzhyhu/ lqyroyhv rqo|
whpsrudu| yduldwlrqv lq wd{ udwhv zkloh wkh htxdol}dwlrq ri wkh qdwxudo dqg zdu0
udqwhg jurzwk udwhv uhtxluhv shupdqhqw lqwhuyhqwlrq1 Wklv gl�huhqfh lv fhqwudo
wr Fklfn*v dujxphqw1 Wkxv/

7Vwdelolw| ri wkh vkruw0uxq htxloleulxp uhtxluhv wkdw wkh sdudphwhu � lv fkrvhq vxfk wkdw
wkh ghqrplqdwru +dqg khqfh wkh vkruw0uxq pxowlsolhu, lv srvlwlyh1 Vlqfh jurvv rxwsxw dqg
frqvxpswlrq fdqqrw eh qhjdwlyh/ wkh h{suhvvlrq lq +48, dovr uhtxluhv d qrq0qhjdwlyh qxphudwru>
wkdw lv/ wkh olqhdu vshfl�fdwlrq ri wkh vdylqj ixqfwlrq rqo| dssolhv zlwklq d udqjh ri ydoxhv wkdw
vdwlvi| wklv qrq0qhjdwlylw| frqvwudlqw1

9



cNh|qhv*v srolf| suhvfulswlrq zdv ghvljqhg iru d vshfl�f looqhvv 0
xqhpsor|phqw dqg h{fhvv fdslwdo fdsdflw| lq d zruog lq zklfk wkhuh
zdv vwloo frqvlghudeoh jdlq iurp ixuwkhu fdslwdo dffxpxodwlrq1 Wkh
suhvfulswlrq/ ixuwkhupruh/ zdv iru d olplwhg grvh/ ghvljqhg wr vkrfn
wkh sdwlhqw lqwr vxvwdlqhg vhoi0uhfryhu|1 Lw zdv qrw ghvljqhg wr vxvwdlq
klp ryhu d orqj shulrg1* +PDN/ s1 66;,

Fdq wd{ srolflhv vxvwdlq wkh sdwlhqw lq wkh orqj uxqB Wkh vroxwlrq iru � W ghshqgv
srvlwlyho| rq wkh ghew udwlr K/ dqg wklv udwlr fkdqjhv hqgrjhqrxvo| ryhu wlph1
Vxvwdlqdelolw| ri wkh srolf| wkhuhiruh uhtxluhv 0 dv d qhfhvvdu| frqglwlrq 0 wkdw
wkh pryhphqwv lq K eh erxqghg dv|pswrwlfdoo|1

Ohw xv dvvxph wkdw shuihfw vwdelol}dwlrq dorqj wkh ixoo hpsor|phqw jurzwk
sdwk lv ehlqj dfklhyhg1 Wkhq/ vxevwlwxwlqj +43, dqg +47, lqwr +44,/ zh jhw

�� ' r4� � E}? n B � rkjW�g +49,

dqg

�K '
��

g
� K 	g

' Er4� }?� K� E}? n B � rkjW� +4:,

Wklv gl�huhqwldo htxdwlrq kdv d vwdwlrqdu| vroxwlrq dw

KW '
}? n B � rkjW

r4� }?
+4;,

Wkh vroxwlrq zloo eh xqvwdeoh li r4 : }? dqg vwdeoh li wkh lqhtxdolw| lv uhyhuvhg1
Uhfdoo wkdw d vwdeoh oderxu vxsso| zdv rqh ri wkh nh| dvvxpswlrqv olvwhg lq

PDN1 Li zh wdnh wklv wr phdq d ydoxh ri }hur iru wkh qdwxudo jurzwk udwh }? wkhq
wkh lqvwdelolw| frqglwlrq lv phw/ dvvxplqj wkdw wkh udwh ri lqwhuhvw lv srvlwlyh1
Pruh jhqhudoo|/ wkh vpdoohu wkh jurzwk udwh }? wkh pruh olnho| lw lv wkdw wkh
vwdwlrqdu| vroxwlrq ehfrphv xqvwdeoh dqg wkdw/ frqvhtxhqwo|/ wkh vxvwdlqdelolw|
frqglwlrq idlov wr eh vdwlv�hg1 Wkh plvdssolfdwlrq ri Nh|qhvldq srolflhv/ lq rwkhu
zrugv/ ohdgv wr dq xqvxvwdlqdeoh exlog0xs ri sxeolf ghew dqg hyhu0lqfuhdvlqj wd{
udwhv wr fryhu wkh lqwhuhvw sd|phqwv1 Wklv ghyhorsphqw/ dv dujxhg lq PDN/ lv d
uhflsh iru vwdj dwlrq1

Lw pd| qrw eh sodxvleoh wr dvvxph/ dv zh kdyh grqh vr idu/ wkdw wkh lqwhuhvw
udwh uhpdlqv frqvwdqw lq wkh idfh ri odujh pryhphqwv lq wkh ghew udwlr K1 Sruwirolr
frqvlghudwlrqv zrxog vxjjhvw d srvlwlyh uhodwlrq ehwzhhq wkh ghew udwlr dqg wkh
lqwhuhvw udwh= lq rughu wr shuvxdgh fdslwdolvwv wr krog dq lqfuhdvlqj vkduh ri wkhlu
zhdowk lq jryhuqphqw erqgv wkh uhwxuq rq wkhvh erqgv zloo kdyh wr lqfuhdvh
uhodwlyh wr wkh uhwxuq rq wkh rwkhu dvvhw lq wkh sruwirolr1 Wkh +qhw, udwh ri uhwxuq
rq uhdo fdslwdo/ krzhyhu/ lv frqvwdqw dorqj d zduudqwhg jurzwk sdwk +lw lv jlyhq

:



e| kjW � B, vr wkhvh frqvlghudwlrqv vxjjhvw d ixqfwlrqdo uhodwlrq ehwzhhq wkh
ghew udwlr dqg wkh lqwhuhvw udwh/

4 ' )EK�c )�
� f +4<,

Vxevwlwxwlqj +4<, lqwr +4:, ohdyhv xv zlwk d qrq0olqhdu gl�huhqwldo htxdwlrq1 Vlqfh
)� lv srvlwlyh/ krzhyhu/ wklv h{whqvlrq phuho| uhlqirufhv wkh lqvwdelolw| frqfoxvlrq1

6 Idfwru vxevwlwxwlrq

614 Wkh vkruw uxq

Wkh Kduurgldq ehqfkpdun prgho lq vhfwlrq 5 ohqgv vxssruw wr Fklfn*v zduq0
lqj= wkh dssolfdwlrq ri djjuhjdwh ghpdqg srolf| wr wkh orqj0whup htxdol}dwlrq
ri zduudqwhg dqg qdwxudo jurzwk udwhv pd| uxq lqwr wurxeoh1 Wkh irupdol}dwlrq/
krzhyhu/ plvuhsuhvhqwhg khu dqdo|vlv lq dw ohdvw rqh uhvshfw= wkh dqdo|vlv lqPDN
dvvxphv glplqlvklqj uhwxuqv wr fdslwdo dqg vrph vfrsh iru vxevwlwxwlrq ehwzhhq
fdslwdo dqg oderxu1 Wkh prgho/ e| frqwudvw/ vwlsxodwhg d �{hg0frh!flhqw surgxf0
wlrq ixqfwlrq/ dqg lw lv frpprqo| eholhyhg wkdw wkh Kduurgldq dqdo|vlv ehfrphv
luuhohydqw li idfwru vxevwlwxwlrq lv srvvleoh1

Ohw xv dvvxph wkdw wkh surgxfwlrq ixqfwlrq lv Free0Grxjodv1 Wklv dvvxps0
wlrq pd| h{djjhudwh wkh ghjuhh ri vxevwlwxwdelolw|/ hyhq lq wkh orqj uxq18 L vkdoo
eh h{wuhpho| qhrfodvvlfdo/ krzhyhu/ dqg dvvxph wkdw wkh Free0Grxjodv vshfl�0
fdwlrq dssolhv/ qrw mxvw wr wkh orqj uxq/ exw wr wkh vkruw uxq wrr1 Wkxv/ lw lv
dvvxphg wkdw rqh fdq pryh dorqj wkh surgxfwlrq ixqfwlrq lq wkh vkruw uxq dqg
wkdw wkh fdslwdo vwrfn zloo dozd|v eh ixoo| xwlol}hg1 Iru suhvhqw sxusrvhv wkhvh
qhrfodvvlfdo dvvxpswlrqv gr olwwoh kdup dqg wkh| duh yhu| frqyhqlhqw dqdo|wlfdoo|1
Htxdwlrq +4,/ wkhq/ lv uhsodfhg e|

t ' gku�3kc f 	 k 	 � +53,

Htxdwlrq +53, wrjhwkhu zlwk d vdylqj ixqfwlrq duh vwdqgdug hohphqwv ri d vlpsoh
Vrorz prgho1 Wkh qrupdo forvxuh iru wklv prgho lv wr lpsrvh d ixoo hpsor|phqw
frqglwlrq1 Dowhuqdwlyho|/ rqh pd| dgg d Nh|qhvldq hohphqw lq wkh irup ri d
vhsdudwh lqyhvwphqw ixqfwlrq exw wkh vshfl�fdwlrq lq +5, qhhgv dphqgphqw1 E|
dvvxpswlrq wkh suhghwhuplqhg fdslwdo vwrfn lv qrz ixoo| xwlol}hg dw doo wlphv dqg
d orz ohyho ri djjuhjdwh ghpdqg zloo eh uh hfwhg lq orz udwhv ri uhwxuq/ udwkhu

8Kduurg xqgrxewhgo| zrxog kdyh wkrxjkw vr1 Lq Kduurg +4<:6/ s1 4:5,/ kh frpphqwhg wkdw
cwkh udwh ri lqwhuhvw dqg wkh PDUF ^wkh plqlpxp dffhswdeoh udwh ri uhwxuq` gr qrw riwhq kdyh
d elj h�hfw rq wkh phwkrg fkrvhq*1 Wklv ohg klp wr frqfoxgh wkdw dq dwwhpsw wr ghulyh d udwh
ri lqwhuhvw czklfk eurxjkw wkh zduudqwhg jurzwk udwh lqwr htxdolw| zlwk wkh qdwxudo udwh 111
uhdoo| pdnhv qr vhqvh1*

;



wkdq lq orz udwhv ri xwlol}dwlrq1 Wkh qdwxudo h{whqvlrq ri wkh lqyhvwphqw ixqfwlrq
wr wkh fdvh zlwk vxevwlwxwlrq wkhuhiruh ehfrphv=

_

_|
	g ' bEZ � ZW�c b : f +54,

zkhuh Z lv wkh udwh ri +jurvv, sur�wv1
Htxdwlrq +54, vd|v wkdw wkh udwh ri dffxpxodwlrq lqfuhdvhv li wkh udwh ri

sur�wv h{fhhgv wkh cuhtxluhg uhwxuq* ZW1 L vkdoo dvvxph wkdw wkh uhtxluhg uhwxuq
lv ghwhuplqhg e| wkh frvw ri �qdqfh +4�/ wkh ulvn suhplxp +0, dqg wkh udwh ri
ghsuhfldwlrq

ZW ' 4n 0n B +55,

zkhuh/ iru vlpsolflw|/ wkh frvw ri �qdqfh lv jlyhq e| d xqltxh uhdo udwh ri lqwhuhvw/
41

Lq wkh vkruw uxq erwk wkh fdslwdo vwrfn dqg wkh udwh ri dffxpxodwlrq duh suh0
ghwhuplqhg +fi1 htxdwlrq +54,, dqg/ ohdylqj rxw wkh sxeolf vhfwru/ wkh htxloleulxp
frqglwlrq iru wkh surgxfw pdunhw fdq eh zulwwhq/

rZ � B ' 	g +56,

Wkh �uvw0rughu frqglwlrqv iru sur�w pd{lpl}dwlrq lq dwrplvwlf pdunhwv lpso|
wkdw9

�

R
' E�� k�gku3k ' E�� k�

t

u
+57,

dqg

Z ' k
t

g
' kj +58,

Vxevwlwxwlqj +53, dqg +58, lqwr +56,/ zh jhw

u '

#
	g n B
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g +59,

9Lpshuihfw frpshwlwlrq dqg d frqvwdqw pdunxs rq pdujlqdo +oderxu, frvw ohdgv wr d wulyldo
prgl�fdwlrq1 Lq wklv fdvh wkh uhdo zdjh udwh dqg wkh udwh ri sur�wv ehfrph
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zkhuh p � 4 lv wkh pdunxs idfwru1
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dqg

t '
	g n B

rk
g +5:,

Htxdwlrqv +59,0+5:, fdswxuh wkh vkruw0uxq ghwhuplqdwlrq ri hpsor|phqw dqg rxw0
sxw e| djjuhjdwh ghpdqg1 Dq lqfuhdvh lq wkh vdylqj surshqvlw| r uhgxfhv hp0
sor|phqw zkloh lqfuhdvhv lq g ru 	g +zklfk udlvh lqyhvwphqw, ohdg wr d ulvh lq
hpsor|phqw1 Zlwk duelwudu| ydoxhv ri wkh fdslwdo vwrfn dqg wkh udwh ri dffx0
pxodwlrq wkhuh lv qr uhdvrq iru wkh oderxu pdunhw wr fohdu1 Xqhpsor|phqw pd|
ohdg wr d ghfolqh lq wkh prqh| zdjh udwh exw qr Nh|qhv h�hfw ru rwkhu vwdelol}lqj
lq xhqfhv ri fkdqjhv lq wkh sulfh ohyho kdyh ehhq lqfoxghg1: Lqyhvwphqw/ e| dv0
vxpswlrq/ lv suhghwhuplqhg/ vdylqj lv sursruwlrqdo wr lqfrph/ dqg vlqfh rxwsxw
dqg hpsor|phqw duh ghwhuplqhg e| wkh htxloleulxp frqglwlrq iru wkh surgxfw
pdunhw/ wkh| duh xqd�hfwhg e| fkdqjhv lq prqh| zdjhv1 Wkh v|vwhp h{klelwv
cprqh| zdjh qhxwudolw|*1

615 Iurp fdslwdo lqdghtxdf| wr vdwxudwlrq

Prylqj eh|rqg wkh vkruw uxq/ htxdwlrq +54, ghvfulehv wkh fkdqjh lq wkh fdslwdo
vwrfn/ dqg vxevwlwxwlqj +5:, dqg +58, lqwr +54, zh jhw

_

_|
	g ' b

#
	g n B

r
� ZW

$
+5;,

Wkh vwdwlrqdu| vroxwlrq 0 wkh zduudqwhg udwh ri jurzwk 0 lv jlyhq e|

	gW ' rZW
� B +5<,

dqg lw lv uhdglo| vhhq wkdw Kduurg*v wzr sureohpv 0 wkh lqvwdelolw| ri wkh zduudqwhg
jurzwk sdwk dqg wkh glvfuhsdqf| ehwzhhq wkh zduudqwhg dqg qdwxudo jurzwk udwhv
0 erwk uhdsshdu lq wklv vhwxs li wkh uhtxluhg udwh ri uhwxuq lv wdnhq dv h{rjhqrxvo|
jlyhq1

Vlqfh wkh uhtxluhg uhwxuq ZW ghshqgv rq wkh lqwhuhvw udwh lw lv qdwxudo wr
frqvlghu wkh udwh ri lqwhuhvw dv d srvvleoh srolf| lqvwuxphqw1 Wr vlpsoli| wkh
dqdo|wlfv L vkdoo irfxv rq d sxuh fdvh ri prqhwdu| srolf|1 Lq whupv ri wkh prgho
lq vxevhfwlrq 515/ wklv sxuh fdvh dulvhv li wkh wd{ udwh dqg wkh jryhuqphqw ghew
duh htxdo wr }hur dqg li lw lv dvvxphg wkdw fdslwdolvwv zlvk wr krog d sruwirolr
frqvlvwlqj h{foxvlyho| ri uhdo fdslwdo +wkdw lv/ )�Ef� ' 4 lq htxdwlrq +4<,,1

:D pruh hoderudwh prgho zloo frqwdlq erwk vwdelol}lqj dqg ghvwdelol}lqj h�hfwv ri idoolqj
zdjhv dqg sulfhv dqg/ dv dujxhg lq JW +fkdswhu 4<, dqg PDN +fkdswhu :,/ wkh qhw h�hfwv duh
xqfhuwdlq1
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Wkh vwhdg|0vwdwh/ ixoo0hpsor|phqw uhtxluhphqwv iroorz gluhfwo| iurp +5<, e|
vhwwlqj wkh dffxpxodwlrq udwh htxdo wr wkh qdwxudo udwh ri jurzwk=

	gW ' rZW
� B ' }? +63,

ru

4 '
}? n B

r
� 0� B +64,

Wkh vwdelol}dwlrq ri wkh hfrqrp| dw wkh zduudqwhg sdwk dvvrfldwhg zlwk wklv
sduwlfxodu ydoxh ri ZW hqvxuhv wkh htxdolw| ehwzhhq wkh jurzwk udwh ri hpsor|phqw
dqg wkh jurzwk udwh ri wkh oderxu vxsso|1 Exw wkh lqlwldo srvlwlrq ri wkh hfrqrp|
pd| eh r� wklv vwhdg| vwdwh1 Dv srlqwhg rxw lq PDN/ s1 66</ wkh csrvwzdu
errp ehjdq zlwk d qhhg iru pdvvlyh fdslwdo dffxpxodwlrq iru uhfrqvwuxfwlrq lq
Hxursh*1 D orz fdslwdo vwrfn lpsolhv wkdw wkh udwh ri dffxpxodwlrq dqg wkh udwh
ri sur�wv zloo eh kljk li 0 dv d uhvxow ri dssursuldwh djjuhjdwh ghpdqg srolf| 0 wkh
hfrqrp| rshudwhv dw ixoo hpsor|phqw +fi1 +59,0+5:,, dqg/ dv lqglfdwhg e| +5<,/
wkh zduudqwhg udwh ri jurzwk dvvrfldwhg zlwk d kljk udwh ri sur�wv lv dovr kljk1
Sxwwlqj lw gl�huhqwo|/ dw wkh ehjlqqlqj ri wkh srvwzdu shulrg wkh rxwsxw0fdslwdo
udwlr dw ixoo hpsor|phqw jhqhudwhg d zduudqwhg udwh wkdw h{fhhghg wkh qdwxudo
udwh ri jurzwk1

Jlyhq wkhvh lqlwldo frqglwlrqv/ wkh pdlqwhqdqfh ri ixoo hpsor|phqw jurzwk
uhtxluhv wkh pdqlsxodwlrq ri srolf| vr dv wr dfklhyh d judgxdo vkliw lq wkh zdu0
udqwhg sdwk lwvhoi dv zhoo dv wkh frqwlqxrxv vwdelol}dwlrq ri wkh hfrqrp| ylv0d0ylv
wklv prylqj htxloleulxp1 Ohw xv dvvxph/ iru wkh wlph ehlqj/ wkdw srolf|0pdnhuv
dffrpsolvk wklv wulfn| wdvn dqg wkdw wkh| vxffhvvixoo| pdqlsxodwh lqwhuhvw udwhv
+dqg wkhuhe| djjuhjdwh ghpdqg, vr dv wr pdlqwdlq ixoo hpsor|phqw1; Wkh lp0
solfdwlrqv ri wkh prgho iru rxwsxw dqg wkh fdslwdo vwrfn fdq qrz eh dqdo|vhg
zlwkrxw dq| uhihuhqfh wr wkh lqyhvwphqw ixqfwlrq1< Iurp htxdwlrqv +53,/ +56,/
+58, dqg wkh ixoo hpsor|phqw dvvxpswlrq zh jhw d vwdqgdug g|qdplf htxdwlrq
iru wkh hyroxwlrq ri wkh fdslwdo0oderxu udwlr/

�& ' rk&k � E}? n B�& +65,

;L vkdoo xvh prqhwdu| srolf| dv d vkruwkdqg iru srolflhv cwkdw kdyh r�huhg gluhfw ru lqgluhfw
hqfrxudjhphqw wr lqyhvwphqw1 Wd{ frqfhvvlrqv wr uhwdlq hduqlqjv dqg fdslwdo jdlqv/ lqyhvwphqw
doorzdqfhv dqg judqwv/ dqg dffhohudwhg ghsuhfldwlrq doorzdqfhv kdyh ehhq xvhg idluo| frqwlqx0
rxvo|> prqhwdu| srolf| dlphg dw orzhu lqwhuhvw udwhv dqg �vfdo srolf| ghvljqhg wr udlvh ghpdqg
kdyh ehhq xvhg hslvrglfdoo|1* +PDN/ s1 66;,

<Wklv zdv Vrorz*v +4<89, mxvwl�fdwlrq iru ohdylqj rxw Nh|qhvldq frpsolfdwlrqv1 Lq wkh frq0
foxglqj vhfwlrq kh qrwhv wkdw c^d`oo wkh gl!fxowlhv dqg uljlglwlhv zklfk jr lqwr prghuq Nh|qhvldq
lqfrph dqdo|vlv kdyh ehhq vkxqwhg dvlgh1 Lw lv qrw p| frqwhqwlrq wkdw wkhvh sureohpv grq*w
h{lvw/ qru wkdw wkh| duh ri qr vljql�fdqfh lq wkh orqj uxq* +s1 <4,> lq idfw/ c^l`w pd| wdnh
gholehudwh dfwlrq wr pdlqwdlq ixoo hpsor|phqw* +s1 <6,1
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zkhuh & ' g*u ' g*� lv wkh fdslwdo0oderxu udwlr dw ixoo hpsor|phqw1 Lw iroorzv
wkdw

& $

�
rk

}? n B

��*E�3k�

' &W +66,

dqg wkdw & zloo eh lqfuhdvlqj prqrwrqlfdoo| li wkh lqlwldo fdslwdo lqwhqvlw| lv ehorz
wkh orqj0uxq htxloleulxp &W1 Kdylqj dvvxphg ixoo hpsor|phqw dqg ghwhuplqhg
wkh wlph sdwkv iru wkh fdslwdo0oderxu udwlr/ wkh wlph sdwk iru rxwsxw fdq eh
ghulyhg1 Wkxv/ wkh Nh|qhvldq hohphqwv sod| qr uroh lq wkh ghwhuplqdwlrq ri
rxwsxw/ hpsor|phqw dqg wkh fdslwdo vwrfn1 Lqvwhdg/ wkh| ghwhuplqh wkh wlph
sdwk ri uhdo udwh ri lqwhuhvw1

Xvlqj +54, dqg +56, zh kdyh
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	g ' bEZ � ZW� +67,

ru/ xvlqj +65, dqg +67,/
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E| dvvxpswlrq wkh lqlwldo ydoxh ri wkh fdslwdo0oderxu udwlr lv ehorz &W� Khqfh/
wkh wzr whupv lq vtxduh eudfnhwv rq wkh uljkw kdqg vlgh ri +68, duh erwk srvlwlyh
dqg ghfuhdvlqj lq &� Lw iroorzv wkdw wkh uhtxluhg udwh ri uhwxuq/ ZW/ zloo dovr eh
srvlwlyh dqg ghfuhdvlqj lq &/ dqg vlqfh 0 iurp +66, 0 wkh fdslwdo lqwhqvlw| lqfuhdvhv
prqrwrqlfdoo| wrzdugv lwv htxloleulxp ydoxh &W/ wkh uhtxluhg udwh ri uhwxuq zloo
eh ghfuhdvlqj ryhu wlph1 Dv|pswrwlfdoo|/

ZW
$ k&W3E�3k� '

}? n B

r
: f +69,

Lq rughu wr uhgxfh wkh uhtxluhg uhwxuq/ wkh uhdo udwh ri lqwhuhvw dovr kdv wr
ghfuhdvh1 Iurp +6:, lw iroorzv wkdw

4 ' ZW
� 0� B $

}? n B

r
� 0� B W f +6:,

D qhjdwlyh uhdo udwh ri lqwhuhvw grhv qrw qhfhvvdulo| lpso| d qhjdwlyh vrfldo uhwxuq
wr lqyhvwphqw li wkh ulvn suhplxp lv srvlwlyh1 Lq wkh fdvh zkhuh 0 ' f dqg 4 	 f/
krzhyhu/ wkh orqj uxq htxloleulxp lv fkdudfwhul}hg e| cg|qdplf lqh!flhqf|* ru/ lq
rwkhu zrugv/ wkh lqlwldo srvlwlrq ri fdslwdo lqdghtxdf| fkdqjhv lqwr rqh ri fdslwdo
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vdwxudwlrq lq zklfk cdq lqfuhphqw wr wkh fdslwdo vwrfn fdqqrw eh h{shfwhg wr
|lhog hqrxjk wr fryhu uhsodfhphqw frvw* +PDN/ s1 68<,1

Zkhwkhu ru qrw wkh ulvn suhplxp lv srvlwlyh/ d qhjdwlyh uhdo udwh ri lqwhuhvw
lpsolhv srvlwlyh udwhv ri lq dwlrq +	R, li wkh qrplqdo udwh ri lqwhuhvw lv erxqghg
deryh vrph orzhu olplw/ � � �f : f1 Wkxv/ dw wkh orqj uxq htxloleulxp=

	R ' �� 4 � �f n 0n B �
}? n B

r
' 	R4�? +6;,

Htxdwlrq +6;, gh�qhv d orzhu olplw rq wkh dv|pswrwlf udwh ri lq dwlrq1 Lq wkh
fodvvlfdo fdvh zlwk r ' �43 wkh h{suhvvlrq iru wkh orzhu olplw rq wkh dv|pswrwlf
udwh ri lq dwlrq uhgxfhv wr

	R � �f n 0� }? +6<,

E| dvvxpswlrq srsxodwlrq lv urxjko| vwdeoh +rqh ri wkh vl{ cnh| dvvxpswlrqv*,
dqg cwkh jhqhudo slfwxuh lv rqh lq zklfk whfkqlfdo fkdqjh kdv vodfnhqhg* +PDN/ s1
673,1 Jlyhq wkhvh dvvxpswlrqv/ cwkh ylvlrq ri jurzwk dv qrupdo/ zklfk pdunhg
wkh 4<93v/ vkrxog eh dedqgrqhg* +PDN/ s1 68;0<, dqg li wkh qdwxudo udwh ri
jurzwk lv orz ru qhjoljleoh/ }? r f/ wkh orzhu olplw rq lq dwlrq lv xqdpeljxrxvo|
srvlwlyh1 Lq dwlrq/ lq rwkhu zrugv/ fdq

ceh orrnhg xsrq dv wkh uhvxow ri dwwhpswlqj wr iruhvwdoo wkh lq0
hylwdeoh frqvhtxhqfhv ri dq lqfuhdvlqj fdslwdo vwrfn1 Lw lv erwk wkh
frqfrplwdqw ri wkh �vfdo dqg prqhwdu| srolflhv ghvljqhg wr surprwh
jurzwk 0 lqghhg wr pdlqwdlq wkh yldelolw| ri frusrudwh hqwhusulvh dv
zh nqrz lw 0 dqg d xvhixo lqvwuxphqw lq lwv rzq uljkw/ iru lw gulyhv
grzq wkh uhdo udwh ri lqwhuhvw dqg uhgxfhv wkh exughq ri frusrudwh
dqg sxeolf ghew* +PDN/ s1 66<,

Wkh h{suhvvlrq iru wkh uhtxluhg uhwxuq vxjjhvwv d srvvleoh vroxwlrq= uhgxfh
wkh vdylqj udwh1 Wklv dgmxvwphqw kdsshqv dxwrpdwlfdoo| lq prghov zlwk ixoo
hpsor|phqw dqg lq�qlwho|0olyhg uhsuhvhqwdwlyh djhqwv zkr hqjdjh lq Udpvh|0
w|sh rswlpl}dwlrq exw wkh uhohydqfh ri wkhvh prghov iru prvw sxusrvhv vhhpv

43Wkh vdylqj udwh rxw ri sur�wv lv olnho| wr eh ehorz rqh1 Vlqfh wkh sur�w vkduh lv frqvwdqw/
krzhyhu/ wkh vdylqj ixqfwlrq +7, fdq eh rewdlqhg dv d uhgxfhg0irup htxdwlrq iurp d vshfl�fdwlrq
wkdw doorzv iru vdylqj rxw ri zdjhv1 Wkxv/ li

V @ vzZ . vs�

lw iroorzv/ xvlqj �@\ @ �> wkdw

V @

�
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4� �

�
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�
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txhvwlrqdeoh144 Wkh vdylqj udwh frxog eh uhgxfhg/ lqvwhdg/ wkurxjk �vfdo srolf|
exw dv lqglfdwhg lq vhfwlrq 516/ wklv sdwk pd| uxq lqwr sureohpv ri lwv rzq/
dv wd{ uhgxfwlrqv dqg shuvlvwhqw sxeolf gh�flwv ghyhors wkhlu rzq wurxeoh0vrph
g|qdplfv1

7 Vhohfwlylw|

Wkh olplwdwlrqv ri Nh|qhvldq djjuhjdwh ghpdqg srolflhv suhvhqwv d fkdoohqjh/
erwk wkhruhwlfdoo| dqg dw wkh ohyho ri sudfwlfdo srolf|1 Iru Fklfn cjuhdwhu vhohf0
wlylw| dqg sodqqlqj ri lqyhvwphqw* +s1 684, lv dq lpsruwdqw sduw ri wkh dqvzhu1
Wkxv/ rqh ri wkh pdlq frqfoxvlrqv ri PDN lv wkdw +s1 693,

cwkh eodqg dvvxpswlrq lpsolflw lq xvxdo pdfurhfrqrplf wkhru|
dqg srolf| dgylfh/ wkdw rqh lqyhvwphqw lv dv jrrg dv dq| rwkhu/ lv
dq dqdfkurqlvp dqg d frvwo| rqh1 Lv lw qrw wlph wr dvn wkh txhvwlrq
srvhg lq wkh suhylrxv fkdswhu= frxog zh jdlq pruh hpsor|phqw iru
d orzhu lq dwlrq0frvw e| dwwhqglqj wr wkh fduhixo gluhfwlrq ri srolf|0
hqfrxudjhg lqyhvwphqw udwkhu wkdq e| jlylqj d vwlpxoxv/ lqglvfulpl0
qdwho|/ wr lqyhvwphqw dv d zkrohB*

D rqh0vhfwru prgho ri wkh nlqg zh kdyh xvhg vr idu lv xqdeoh wr dgguhvv wklv
txhvwlrq1 D vlpsoh h{whqvlrq ri wkh prgho/ krzhyhu/ pd| looxvwudwh wkh srwhqwldo
lpsruwdqfh ri vhohfwlylw|1 Uhwdlq wkh krprjhqhlw| ri rxwsxw exw dvvxph wkdw
wkhuh duh wzr whfkqltxhv ri surgxfwlrq dqg wkdw wrwdo rxwsxw lv jlyhq e|

t ' t � n t 2 ' gk
� u

�3k
� n�gk

2 u
�3k
2 +73,

Iurp wkh srlqw ri ylhz ri lqglylgxdo surgxfhuv/ erwk whfkqltxhv h{klelw frqvwdqw
uhwxuqv wr vfdoh1 Wkh sdudphwhu �/ krzhyhu/ lv ghwhuplqhg e| wkh wrwdo dprxqw
ri fdslwdo wkdw lv hpsor|hg xvlqj wkh vhfrqg whfkqltxh/

� ' 7g�
2 c �� k : � : f +74,

Wkxv/ wkh vhfrqg whfkqltxh lqfoxghv d srvlwlyh h{whuqdolw| dqg |lhogv lqfuhdvlqj
uhwxuqv wr vfdoh dw wkh djjuhjdwh ohyho +exw glplqlvklqj uhwxuqv wr fdslwdo> wkh
nqlih0hgjh fdvh ri � ' � � k zrxog jlyh hqgrjhqrxv jurzwk zkloh � : � � k
zrxog ohdg wr udslgo| lqfuhdvlqj jurzwk udwhv,1

Lw lv uhdglo| vhhq wkdw lig� dqgg2 duh suhghwhuplqhg dqg zdjhv duh htxdol}hg
dfurvv vhfwruv wkhq wkh uhwxuqv wr fdslwdo zloo eh gl�huhqw xqohvv � ' g2 ' �1
Li wkh lqlwldo fdslwdo vwrfn xvlqj whfkqltxh wzr idoov ehorz wklv wkuhvkrog/ whfk0
qltxh rqh zloo eh wkh prvw sur�wdeoh1 Lq wkh devhqfh d vsrqwdqhrxv frruglqdwlrq

44Wklv lv qrw wr vd| wkdw vwrfn pdunhw errpv dqg ghfolqlqj vdylqj udwhv kdyh kdg qr lq xhqfh
rq ghyhorsphqwv lq wkh 4<;3v dqg 4<<3v1
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ri lqyhvwphqw ghflvlrqv/ lw zloo wkhuhiruh eh rswlpdo iru lqglylgxdo �upv wr frq0
fhqwudwh doo lqyhvwphqw lq whfkqltxh rqh1 Srolf| lqwhuyhqwlrq/ krzhyhu/ pd| vkliw
lqyhvwphqw wr whfkqltxh wzr/ dqg dv vrrq dv wkh fdslwdo vwrfn xvlqj wklv whfkqltxh
kdv uhdfkhg wkh wkuhvkrog/ wkh frqfhqwudwlrq ri doo lqyhvwphqw lq whfkqltxh wzr
ehfrphv vhoi0uhlqiruflqj1 Wklv srolf|0lqgxfhg vkliw udlvhv rxwsxw lq wkh orqj uxq
dqg pruh lpsruwdqwo|/ iurp wkh suhvhqw shuvshfwlyh/ lw pd| vroyh wkh orqj0uxq
lq dwlrqdu| sureohp e| udlvlqj wkh udwh ri jurzwk1

Xvlqj whfkqltxh rqh/ wkh vwhdg|0vwdwh udwh ri dffxpxodwlrq lv htxdo wr wkh
udwh ri jurzwk ri wkh oderxu vxsso| lq h!flhqf| xqlwv/ 	gW ' }?1 Whfkqltxh wzr/
rq wkh rwkhu kdqg/ lpsolhv wkdw wkh vwhdg| jurzwk udwh zloo eh jlyhq e|

	gW '
�� k

�� k� �
}? : }? +75,

dqg wkh plqlpxp lq dwlrq udwh qrz ehfrphv

	R ' �f n 0�
�� k

�� k� �
}? +76,

Frpsdulqj +6<, dqg +76, lw iroorzv wkdw wkh orqj0uxq lq dwlrq frqvwudlqw kdv ehhq
uhod{hg1 Wkh vdph jrhv iru wkh vxvwdlqdelolw| frqvwudlqw rq wd{hv dqg vxevlglhv
lq vhfwlrq 516 zklfk uhtxluhv wkdw r� 	 	gW1 Wklv frqfoxvlrq vxssruwv Fklfn*v
hpskdvlv rq vhohfwlylw| dqg sodqqlqj dv d zd| wr ryhufrph wkh sureohpv1 Wkh
prgho/ krzhyhu/ lv h{fhhglqjo| vlpsoh dqg rqh vkrxog qrw xqghuhvwlpdwh wkh
sudfwlfdo sureohpv dqg slwidoov lqyroyhg lq srolwlfdo lqwhuyhqwlrq wr cslfn zlqqhuv*1
Qru vkrxog rqh irujhw 0 dv srlqwhg rxw lqPDN 0 wkdw wkh lghrorjlfdo dqg srolwlfdo
revwdfohv wr dfwlyh lqwhuyhqwlrq fdq eh iruplgdeoh1

8 Frqfoxvlrqv

Lw lv vwulnlqj wkdw wkh dqdo|vlv ri orqj0whup srolf| lq PDN pdnhv olwwoh uhihuhqfh
wr oderxu pdunhw lvvxhv1 Wklv devhqfh vwdqgv lq vkdus frqwudvw wr wkh grplqdqfh
ri wkh QDLUX frqfhsw lq prvw glvfxvvlrqv ri phglxp0 dqg orqj0uxq ehkdylrxu1

Srvw0Nh|qhvldqv kdyh fulwlfl}hg QDLUX 0wkhru| dqg lwv lq xhqfh rq Zhvwhuq
jryhuqphqwv dqg fhqwudo edqnv +h1j1 Duhvwlv dqg Vdz|hu +4<<;,/ Gdylgvrq +4<<;,/
Jdoeudlwk +4<<:,,1 Wkhuh duh jrrg uhdvrqv wr eh fulwlfdo1 Wkh hpslulfdo hylghqfh
lq idyrxu ri wkh wkhru| lv zhdn dqg dw d wkhruhwlfdo ohyho lw lv hdv| wr vhw xs
prghov zlwk pxowlsoh htxloleuld/ udwkhu wkdq d xqltxh QDLUX1 Shukdsv wkh prvw
gluhfw urxwh lv wkh rqh fkrvhq e| Dnhuori hw do +4<<9, dqg Vkd�u hw do +4<<:, zkr
srlqw rxw wkdw prvw shrsoh vx�hu iurp vrph irup ri cprqh| looxvlrq*1 K|vwhuhvlv
prghov/ zkhwkhu edvhg rq gxudwlrq dqg lqvlghu0rxwvlghu frqvlghudwlrqv ru rq
p| rzq idyrxulwh/ dvsludwlrqdo k|vwhuhvlv/ lv dqrwkhu srvvlelolw| +h1j1 Eodqfkdug
dqg Vxpphuv +4<;:,/ Vnrww +4<<<,,1 Lw vkrxog dovr eh qrwhg wkdw hyhq yhu|
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pdlqvwuhdp prghov zlwk srolf| jdphv ehwzhhq xqlrqv dqg fhqwudo edqnv fdq jlyh
ulvh wr d wudglwlrqdo orqj0uxq wudgh0r� ehwzhhq lq dwlrq dqg xqhpsor|phqw +h1j1
Fxelww +4<<5,/ Vnrww +4<<:,/ Fxnlhupdq dqg Olssl +4<<<,,1 Wkh lqwurgxfwlrq
ri h{whuqdolwlhv dqg lqfuhdvlqj uhwxuqv rshqv |hw ixuwkhu srvvlelolwlhv +Nuxjpdq
+4<;:,/ iru lqvwdqfh/ frqvlghuv d vlpsoh fdvh lq zklfk djjuhjdwh ghpdqg srolf|
kdv shupdqhqw h�hfwv rq uhdo lqfrph,1

Fklfn grhv qrw udlvh dq| ri wkhvh lvvxhv frqfhuqlqj wkh h{lvwhqfh dqg gh0
whuplqdwlrq ri wkh QDLUX1 Lpsolflwo|/ lq idfw/ wkh dqdo|vlv lq PDN suhvxphv
d zhoo0gh�qhg dqg xqltxh ohyho ri ixoo hpsor|phqw dqg/ lq Nh|qhvldq whupv/ d
QDLUX lv d srvlwlrq ri ixoo hpsor|phqw +zkdwhyhu xqhpsor|phqw pd| h{lvw dw
d QDLUX 0htxloleulxp zloo eh yroxqwdu| lq Nh|qhv*v vhqvh,1 Wkxv/ lq wklv sdu0
wlfxodu uhvshfw PDN vkduhv d nh| suhvxpswlrq ri QDLUX 0wkhru|1 Exw wkhuh duh
fuxfldo gl�huhqfhv ehwzhhq PDN dqg QDLUX 0wkhru|1

QDLUX 0wkhru|/ zklfk irfxvvhv h{foxvlyho| rq wkh oderxu pdunhw/ vxjjhvwv
wkdw dq| ohyho ru wlph0sdwk ri ixoo| dqwlflsdwhg lq dwlrq zloo eh frqvlvwhqw zlwk
orqj0uxq htxloleulxp dw wkh QDLUX1 Sxwwlqj lw gl�huhqwo|/ iurp d oderxu0pdunhw
shuvshfwlyh wkh udwh ri lq dwlrq lv lqghwhuplqdwh zkhq wkh hfrqrp| lv dw wkh
QDLUX +dw ixoo hpsor|phqw,1 Wkh dqdo|vlv lq PDN ghprqvwudwhv wkdw wklv
vwdqgdug lqghwhuplqdf| suhvxpswlrq pd| eh zurqj zkhq djjuhjdwh0ghpdqg lv0
vxhv duh lqfoxghg lq wkh dqdo|vlv= wkh phuh h{lvwhqfh ri d zhoo0gh�qhg ixoo hpsor|0
phqw srvlwlrq +d zhoo0gh�qhg QDLUX , grhv qrw hqvxuh wkdw wkh ohyho ri djjuhjdwh
ghpdqg zloo eh frqvlvwhqw zlwk ixoo hpsor|phqw +zlwk wkh QDLUX ,1 Exloglqj gl0
uhfwo| rq wkh Jhqhudo Wkhru|/ Fklfn vkrzv wkdw wkh pdlqwhqdqfh ri vx!flhqw
djjuhjdwh ghpdqg wr nhhs wkh hfrqrp| dw ixoo hpsor|phqw +dw wkh QDLUX, pd|
frqvwudlq wkh ihdvleoh wlph0sdwkv ri lq dwlrq1 Pruh vshfl�fdoo| 0 dqg frqwudu| wr
wkh vwdqgdug suhvxpswlrq 0 kljk lq dwlrq pd| eh qhfhvvdu| lq wkh orqj uxq lq
rughu wr nhhs wkh hfrqrp| dw ixoo hpsor|phqw1

Dw dq hpslulfdo ohyho wkh dqdo|vlv lq PDN pdgh vhqvh ri wkh lqfuhdvlqj
lq dwlrq udwhv/ qhjdwlyh uhdo udwhv ri lqwhuhvw/ idoolqj sur�wdelolw| dqg ulvlqj xq0
hpsor|phqw lq wkh 4<:3v1 Lq dwlrq kdv vlqfh frph grzq djdlq/ uhdo lqwhuhvw
udwhv lqfuhdvhg lq wkh hduo| 4<;3v dqg kdyh uhpdlqhg srvlwlyh/ sur�wdelolw| kdv
uhfryhuhg dqg xqhpsor|phqw 0 dowkrxjk vwloo yhu| kljk lq prvw ri frqwlqhqwdo
Hxursh 0 kdv dovr frph grzq/ prvw qrwdeo| lq XV/ XN dqg vrph ri wkh vpdoohu
Hxurshdq frxqwulhv1 Dowkrxjk wkhvh ghyhorsphqwv/ zklfk wrrn sodfh diwhu wkh
sxeolfdwlrq ri PDN/ pd| dsshdu wr frqwudglfw wkh dqdo|vlv/ wkh| pd| lq idfw eh
h{solfdeoh zlwklq wkh iudphzrun ri PDN1 Uholhi kdv frph iurp vhyhudo vrxufhv1
XV vdylqj udwhv/ lq sduwlfxodu/ ihoo gudpdwlfdoo| lq wkh 4<;3v dqg wkh udwh ri
whfkqlfdo surjuhvv dovr dsshduv wr kdyh uhfryhuhg voljkwo| lq uhfhqw |hduv1 Erwk
ri wkhvh fkdqjhv khos doohyldwh wkh lq dwlrqdu| frqvwudlqw1 Qhlwkhu ri wkhp pd|
eh shupdqhqw/ krzhyhu/ dqg lw lv wrr hduo| wr glvplvv Fklfn*v frqfhuqv ryhu wkh
olplwdwlrqv ri djjuhjdwh0ghpdqg srolf|1
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