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DEVWUDFW

Wklv sdshu dqdo|}hv wkh lpsdfw ri sxeolf ghew rq �qdqfldo h!flhqf| lq

dq ryhuodsslqj jhqhudwlrqv prgho1 Zh dujxh wkdw sxeolf ghew pd| uhgxfh

lqwhuphgldwlrq frvwv e| lqfuhdvlqj wkh froodwhudo ri hqwuhsuhqhxuv1 Wklv h�hfw

lv vwurqjhu/ wkh vwurqjhu wkh qrq0Ulfdugldq frpsrqhqw ri sxeolf ghew/ l1h1 wkh

pruh lw lv dvvrfldwhg zlwk lqwhujhqhudwlrqdo uhglvwulexwlrq1 Wklv h�hfw fdq eh

lqwhusuhwhg dv ixwxuh jhqhudwlrqv dfwlqj dv d jxdudqwhh iru wkh ordqv surylghg

wr wkh hqwuhsuhqhxuv ri wkh fxuuhqw jhqhudwlrq1 Ixuwkhupruh/ pxowlsoh jurzwk

sdwkv pd| dulvh dv orz wd{hv lqfuhdvh sulydwh froodwhudo/ zklfk lq wxuq errvwv

jurzwk yld �qdqfldo h!flhqf|/ zkloh kljkhu jurzwk doorzv wr pdlqwdlq wkh

vdph ghew2JGS udwlr zlwk uhgxfhg wd{hv1

MHO=H9/ J5/ K6/ K9

Nh|zrugv= Ilqdqfldo lqwhuphgldwlrq/ froodwhudo/ sxeolf ghew/ ryhuodsslqj

jhqhudwlrqv
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4 Lqwurgxfwlrq

Wkh vwdqgdug ylhz derxw sxeolf ghew lv wkdw lw lv kdupixo iru jurzwk ehfdxvh

lw furzgv rxw sulydwh fdslwdo dffxpxodwlrq1 Krzhyhu/ wkhuh duh vrph klvwru0

lfdo hslvrghv wkdw vxjjhvw wkdw lw fdq kdyh srvlwlyh vlgh0h�hfwv rq jurzwk1

Iru h{dpsoh/ wkh Wuhdvxu|*v odujh dprxqw ri ghew sod|hg d fuxfldo uroh lq wkh

hvwdeolvkphqw ri wkh Edqn ri Hqjodqg lq wkh odwh vhyhqwhhqwk fhqwxu| dqg

wkh vxevhtxhqw �Ilqdqfldo Uhyroxwlrq� +Vhh Nlqgohehujhu +4<;7,,1

Wklv vxjjhvwv wkdw jryhuqphqw ghew/ zkloh ghwhuulqj fdslwdo dffxpxodwlrq/

pd| dw wkh vdph wlph srvlwlyho| d�hfw wkh h!flhqf| ri fdslwdo ehfdxvh lw

d�hfwv wkh h!flhqf| ri wkh �qdqfldo vhfwru1

Lq suhylrxv zrun +Vdlqw0Sdxo/ 4<<9,/ zh kdyh vkrzq wkdw li wkhuh lv ohduq0

lqj e| grlqj lq wkh vhfwru ri �qdqfldo vhuylfhv/ dqg li nqrzohgjh dftxluhg lq

wudglqj sxeolf ghew lv wudqvihudeoh wr rwkhu dfwlylwlhv/ wkhq d kljkhu ghew2jgs

udwlr pd| srvlwlyho| d�hfw jurzwk ehfdxvh lw zloo lqfuhdvh wkh sdfh ri nqrzo0

hgjh dffxpxodwlrq lq wkh �qdqfldo vhfwru1 Khuh zh orrn dw dqrwkhu fkdqqho/

qdpho| wkh idfw wkdw e| lqfuhdvlqj sulydwh zhdowk/ sxeolf ghew pd| pdnh

lw hdvlhu iru hqwuhsuhqhxuv dqg �upv wr eruurz ehfdxvh lw zloo eh xvhg dv

froodwhudo1

Zh pdnh wklv srlqw lq wkh frqwh{w ri dq ryhuodsslqj jhqhudwlrqv +ROJ,

prgho +Gldprqg/ 4<98, zkhuh �qdqfldo frqwudfwv lqyroyh frvwo| vwdwh yhul0

�fdwlrq/ vr wkdw froodwhudo uhgxfhv wkh vhyhulw| ri wkh �qdqfldo sureohp e|

orzhulqj wkh dprxqw ri uhvrxufhv vshqw rq prqlwrulqj +Dv lq wkh sdshuv e|

Ehuqdqnh dqg Jhuwohu +4<;<,/ Nl|rwdnl dqgPrruh +4<<:,/ Zlooldpvrq +4<;9,/

hwf1,

Rxu zrun lv uhodwhg wr vhyhudo vwudqgv ri olwhudwxuh1 Wkh uroh ri edodqfh

vkhhw lq wkh dffhvv wr fuhglw/ zklfk lv uhodwhg wr wkh wudglwlrqdo �ghew2gh dwlrq�

dqg �fuhglw fuxqfk� dujxphqwv derxw uhfhvvlrqv/ kdyh ehhq hpskdvl}hg e|
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Kropvwurp dqg Wluroh +4<<9,/ Ixhuvw +4<<4,1 Wkdw uhglvwulexwlrq iurp xq0

frqvwudlqhg djhqwv wr frqvwudlqhg djhqwv lqfuhdvhv wkh ohyho ri lqyhvwphqw dqg

wkhuhiruh hfrqrplf dfwlylw| lv dqdo|}hg lq Edqhumhh dqg Qhzpdq +4<<4/4<<6,/

Djklrq dqg Erowrq +4<<:,/ dqg/ lq wkh frqwh{w ri �upv dqg wkh exvlqhvv f|foh/

Edfkhwwd dqg Fdplqdo +4<<9,1 Khuh wkh irfxv lv rq wkh uroh ri �vfdo srolf|/

prvwo| lq lwv lqwhujhqhudwlrqdo glphqvlrq/ iru wkh h!flhqf| ri wkh �qdqfldo

vhfwru1 Wklv sdshu lv wr p| nqrzohgjh wkh �uvw rqh wr xvh wkh frvwo| prql0

wrulqj iudphzrun wr dqdo|}h wkh h�hfw ri �vfdo srolf| rq jurzwk wkurxjk wkh

h!flhqf| ri wkh �qdqfldo vhfwru1 Dl|djdul dqg PfJudwwdq +4<<;, dovr �qg

wkdw ghew pd| eh ehqh�fldo ehfdxvh lw hqkdqfhv �qdqfldo pdunhwv/ exw wkhlu

phfkdqlvp lv wrwdoo| gl�huhqw1 Wkh| dujxh wkdw lw surylghv dq dgglwlrqdo

lqvwuxphqw iru pdunhw sduwlflsdqwv wr vprrwk frqvxpswlrq14

Rxu uhvxowv duh dv iroorzv1 Iluvw/ wkh pdjqlwxgh ri wkh froodwhudo h�hfw

lv gluhfwo| uhodwhg wr wkh pdjqlwxgh ri wkh idloxuh ri Ulfdugldq Htxlydohqfh>

wkdw lv wkh h{whqw wr zklfk sxeolf ghew lv frqvlghuhg dv qhw zhdowk e| sul0

ydwh djhqwv1 Vhfrqg/ wkdw h�hfw ghfolqhv dv ghew lqfuhdvhv/ ehfdxvh dv lw

grhv vr grhv sulydwh zhdowk/ zklfk uhgxfhv wkh vhyhulw| ri wkh prqlwrulqj

sureohp1 Wklv lq wxuq uhgxfhv wkh pdujlqdo h�hfw ri sxeolf ghew rq �qdq0

fldo h!flhqf|1 Wkxv/ li zh orrn dw wkh qhw h�hfw ri ghew rq rxwsxw/ lw lv

wkh qhw ri wzr frqwulexwlrqv= rq wkh rqh kdqg wkhuh lv wkh gluhfw uhgxfwlrq

lq fdslwdo dffxpxodwlrq/ rq wkh rwkhu kdqg wklv fdslwdo lv ehwwhu doorfdwhg

dv ohvv uhvrxufhv duh vshqw rq prqlwrulqj1 Wkhuh pd| eh d }rqh zkhuh wkh

odwwhu h�hfw grplqdwhv> ryhu wkdw }rqh sxeolf ghew lv idyrxudeoh iru jurzwk1

Krzhyhu dw kljk ohyhov ri ghew wkh �uvw h�hfw lv erxqg wr grplqdwh1 Wklug/

lq edodqfhg jurzwk sdwkv wkhuh h{lvwv d ��vfdo2�qdqfldo� dffhohudwru= idvwhu

jurzwk hdvhv wkh wd{ exughq uhtxluhg wr pdlqwdlq d frqvwdqw ghew2jgs udwlr/

4Rqh gl�huhqwldo lpsolfdwlrq lv wkdw khuh sxeolf ghew pd| lqfuhdvh phdvxuhg wrwdo idfwru
surgxfwlylw| dw wkh djjuhjdwh ohyho/ zklfk lv qrw wkh fdvh lq wkhlu prgho1
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zklfk lq wxuqv lqfuhdvhv wkh froodwhudo ri hqwuhsuhqhxu/ wkxv lpsurylqj wkh

�qdqfldo vhfwru dqg ixuwkhu lqfuhdvlqj jurzwk1 Wklv pd| srwhqwldoo| jhqhudwh

pxowlsoh htxloleulxp jurzwk sdwkv1

Ilqdoo|/ zh surylgh hpslulfdo hylghqfh wkdw vxssruwv wkh lghd wkdw frq0

wuroolqj iru fdslwdo dffxpxodwlrq/ exgjhw gh�flwv lqfuhdvh wkh h!flhqf| ri

fdslwdo1

5 Wkh vwuxfwxuh ri wkh prgho

514 Edvlf vhwwlqj

Iljxuh 4 ghvfulehv wkh edvlf vwuxfwxuh ri wkh prgho1 Djhqwv olyh iru wzr

shulrgv1 Hdfk shulrg | lv glylghg lqwr wzr vxeshulrgv/ |3 dqg |n� Wkhuh

duh wzr jrrgv/ lqgh{hg e| 4 dqg 51 Jrrg 4 lv surgxfhg dqg frqvxphg lq

wkh vhfrqg vxeshulrg/ zkloh jrrg 5 lv surgxfhg dqg frqvxphg lq wkh �uvw

vxeshulrg1 Wkh vl}h ri hdfk jhqhudwlrq lv qrupdol}hg wr �� Wrwdo srsxodwlrq

lv wkhuhiruh htxdo wr 51

Wkh olihwlph ri d jhqhudwlrq eruq dw | hyroyhv dv iroorzv1

Dw |3 djhqwv duh eruq1

Dw |n wkh| duh hqgrzhg zlwk dq dprxqw �t| ri jrrg 4/ zkhuh t| lv wkh

djjuhjdwh rxwsxw ri jrrg 4 surgxfhg e| wkh suhylrxv jhqhudwlrq +eruq dw

E|� ��3, dw wlph |� Wklv dvvxpswlrq pd| eh ylhzhg dv d vkruw0fxw iru djhqwv

zrunlqj lq wkh �uvw shulrg ri wkhlu olih/ lq zklfk fdvh wkhlu vdodu| zloo ghshqg

rq wkh dprxqw ri fdslwdo dffxpxodwhg e| wkh suhylrxv jhqhudwlrq1 Djhqwv

xvh wkhlu hqgrzphqw ri jrrg 4 wr frqvxph dqg wr vdyh1 Wkhuh duh wzr dvvhwv=

sk|vlfdo fdslwdo dqg sxeolf ghew1 Vdylqjv lv doorfdwhg ehwzhhq sxeolf ghew

(| dqg sk|vlfdo fdslwdo g|�

Zh wklqn ri djhqwv dv dfwxdoo| rzqlqj wkh sk|vlfdo vwrfn ri fdslwdo/ zkloh
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sxeolf ghew duh sdshu fodlpv surplvlqj wr sd| d jlyhq dprxqw ri jrrg 4 dw

E|n ��n�

Dw +|n ��3 ~|n� xqlwv ri jrrg 5 duh jhqhudwhg1 Wkh surgxfwlrq ixqfwlrq

iru jrrg 5 lv olqhdu lq wkh fdslwdo vwrfn=

~|n� ' �g| +4,

Wklv olqhdulw| dvvxpswlrq doorzv iru hqgrjhqrxv jurzwk/ dqg juhdwo| vlp0

sol�hv wkh vroylqj ri wkh prgho1 Wkh prgho frxog reylrxvo| eh uhzulwwhq zlwk

d pruh wudglwlrqdo surgxfwlrq ixqfwlrq1

Doo ri jrrg 5 lv jlyhq wr jhqhudwlrq | dv sd|phqw iru wkhlu dffxpxodwlrq

ri fdslwdo1 Wkhuhiruh wkh uhwxuq wr fdslwdo lq whupv ri jrrg 5 lv htxdo wr

�� Hdfk phpehu ri wklv jhqhudwlrq wkhuhiruh rzqv ~|n� xqlwv ri jrrg 5 dw

E|n ��3�

Krzhyhu/ shrsoh rqo| frqvxph lq wkh vhfrqg vxe0shulrg1 Wkh whfkqrorj|

wkdw wudqvirupv jrrg 5 lqwr jrrg 4 ehwzhhq wkh �uvw dqg wkh vhfrqg vxe0

shulrgv lqyroyhv ulvn| surmhfwv1 Dq| phpehu ri jhqhudwlrq | fdq hqjdjh lqwr

dw prvw rqh surmhfw1 Zh vkdoo fdoo wkrvh zkr gr vr �hqwuhsuhqhxuv�1 Qrwh

wkdw zh lpsrvh wkdw hqwuhsuhqhxuvkls wdnhv sodfh lq wkh vhfrqg shulrg ri olih1

Zh glvfxvv krz urexvw wkh uhvxowv duh wr wkdw dvvxpswlrq ehorz1

D surmhfw xvhv %~|n� xqlwv ri jrrg 2� Djhqwv fdqqrw xvh wkhlu rzq hq0

grzphqw ri jrrg 5 iru wkhlu rzq surmhfw15Qru fdq wkh| xvh wkhlu kroglqjv ri

sxeolf ghew/ zklfk fdq rqo| eh oltxlgdwhg lq wkh vhfrqg vxe0shulrg1 Doo hq0

wuhsuhqhxuv pxvw wkhuhiruh eruurz wkh ixoo dprxqw %~|n� ri wkhlu lqyhvwphqw

iurp rwkhu phpehuv ri wkh vdph jhqhudwlrq1 Wkhvh ordqv wudqvlw yld �qdqfldo

5Wklv lv dq �lqfhvw surklelwlrq� dvvxpswlrq lghqwlfdo wr wkh rqh pdgh lq Gldprqg
+4<;4,1 Lw lv pdgh khuh iru vlpsolflw|/ dowkrxjk lw lv qhfhvvdu| lq wkh vshfldo fdvh zkhuh
{ @ 4= Rwkhuzlvh hqwuhsuhqhxuv zrxog qrw qhhg wr xvh �qdqfldo pdunhwv lq rughu wr �qdqfh
wkhlu surmhfwv1
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lqwhuphgldulhv/ zkr dovr shuirup wkh wdvn ri prqlwrulqj wkhp16 Zh dvvxph

% � �c vr wkdw lq jhqhudo qrw hyhu| phpehu ri jhqhudwlrq | fdq hqjdjh lqwr

d surmhfw lq htxloleulxp/ h{fhsw lq wkh vshfldo fdvh zkhuh % ' �1

Surmhfwv duh ulvn|1 Zlwk suredelolw| � � 0 wkh| |lhog -%~|n� xqlwv ri

jrrg 4 dw E|n��n +wkdw lv/ wkhlu jurvv udwh ri uhwxuq li vxffhvvixo lv -�� Zlwk

suredelolw| 0 wkh| |lhog f xqlwv ri jrrg 41 Uhwxuqv duh xqfruuhodwhg dfurvv

surmhfwv/ dqg d frqwlqxxp ri surmhfwv duh xqghuwdnhq/ vr wkdw wkh djjuhjdwh

uhwxuq wr surmhfwv lv vdih/ xqolnh wkh lqglylgxdo uhwxuq1

Doo lqglylgxdov ohqg wkhlu hqgrzphqw ri jrrg 5 wr wkrvh �qdqfldo lqwhu0

phgldulhv/ zkr jlyh wkhp d vdih uhwxuq htxdo wr � n 4|n� xqlwv ri jrrg 4 dw

E|n ��n shu xqlw ri jrrg 5 ohqw dw E| n ��3�

Dw E|n ��n �qdqfldo lqwhuphgldulhv pxvw vshqg dq dprxqw �|n� ri jrrg

4 lq prqlwrulqj dfwlylw| lq rughu wr froohfw uhsd|phqw rq wkhlu ordqv1 Wklv

dprxqw zloo eh ghwhuplqhg hqgrjhqrxvo| ehorz1 Ehfdxvh ri prqlwrulqj frvwv/

frpshwlwlyh lqwhuphgldulhv fkdujh dq lqwhuphgldwlrq pdujlq/ gh�qhg dv wkh

jds ehwzhhq dyhudjh uhsd|phqwv e| wkh eruurzhu dqg sd|phqwv wr wkh ohqghu/

shu xqlw ri jrrg 5 ohqw1 Wkh orzhu�|n� uhodwlyh wr wkh dprxqw ohqw/ wkh orzhu

wkh lqwhuphgldwlrq pdujlq dqg wkh pruh h!flhqw wkh �qdqfldo vhfwru1

Lq htxloleulxp doo ri jrrg 5 pxvw eh lqyhvwhg lqwr surmhfwv/ vlqfh jrrg 5

kdv qr dowhuqdwlyh xvh1 Khqfh wkh sursruwlrq ri lqglylgxdov zkr xqghuwdnh

surmhfwv lv=

? ' �*%

Wkh djjuhjdwh dprxqw ri jrrg 4 surgxfhg e| jhqhudwlrq | dw E|n ��n lv

wkxv=

t|n� ' -~|n�E�� 0���|n� +5,

6Wkh olwhudwxuh kdv vkrzq wkdw vxfk lqwhuphgldulhv zloo hqgrjhqrxvo| dulvh lq rughu wr
vroyh wkh iuhh ulghu sureohp dvvrfldwhg zlwk prqlwrulqj1 Vhh Zlooldpvrq +4<;9,1
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Ilqdoo|/ dw E|n ��n phpehuv ri jhqhudwlrq | frqvxph wkh uhwxuq rq wkhlu

vdylqjv dqg2ru surmhfw1 Wkh uhvrxufh frqvwudlqw ri wkh hfrqrp| dw E| n ��n

lv wkxv

t|n�E� n �� ' g|n� n �+
|n� n �J

|n� nC|n�c

zkhuh �J
|n� lv wkh rog*v frqvxpswlrq/ �+

|n� wkh |rxqj*v frqvxpswlrq/ dqg

C|n� lv jryhuqphqw h{shqglwxuh/ zklfk/ iru vlpsolflw|/ lv dvvxphg h{rjhqrxv

dqg grhv qrw hqwhu wkh xwlolw| ixqfwlrq1

515 Suhihuhqfhv

Wkh suhihuhqfhv ri dq djhqw eruq dw | duh ri wkh qrq0h{shfwhg xwlolw| +Nuhsv

dqg Sruwhxv/ 4<:;/ Zhlo/ 4<<3, w|sh=

LES�|c S�|n�� ' �ES�|� n q�E.|S�|n��c +6,

zlwk �� : fc ��� 	 f� Wkhuhiruh djhqwv duh ulvn0qhxwudo zkhq hydoxdwlqj

zkhwkhu wkh| zdqw wr hqjdjh lq d surmhfw ru qrw1 Krzhyhu/ wkhlu lqwhuwhp0

srudo hodvwlflw| ri vxevwlwxwlrq lv �qlwh1 Wklv ulvn qhxwudolw| dvvxpswlrq/ lq

dgglwlrq wr vlpsoli|lqj wkh dqdo|vlv/ lv phdqw wr fdswxuh wkh idfw wkdw lq uhdo0

lw|/ prvw lqyhvwphqw lv xqghuwdnhq e| �upv zkrvh rzqhuv krog d glyhuvl�hg

sruwirolr/ vr wkdw wkh �upv zloo ehkdyh dv d ulvn0qhxwudo djhqw1 Wkdw lv/ rxu

lqglylgxdov duh phdqw wr uhsuhvhqw �upv zkhq ghflglqj zkhwkhu wr hqjdjh

lqwr d surmhfw ru qrw/ dqg frqvxphuv zkhq fkrrvlqj wkh lqwhuwhpsrudo sdwk

ri wkhlu frqvxpswlrq1

516 Wd{hv

Hdfk lqglylgxdo sd|v d �{hg wd{ lq wkh vhfrqg vxeshulrg ri hdfk shulrg ri klv

olih1 Zh dvvxph wkdw wkh |rxqj sd| d wd{ A�| dqg wkh rog sd| d wd{ A�|� Wklv

zloo doorz xv wr vkrz wkdw wkh h�hfw ri sxeolf ghew rq �qdqfldo h!flhqf| lv
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lqwlpdwho| uhodwhg wr wkh idloxuh ri Ulfdugldq htxlydohqfh1 Rqh frxog frqvlghu

d pruh jhqhudo wd{ vwuxfwxuh wkdw zrxog doorz iru lqwudjhqhudwlrqdo dv zhoo

dv lqwhujhqhudwlrqdo uhglvwulexwlrq1 Lq sduwlfxodu/ rqh pd| doorz wd{hv wr

gl�hu ehwzhhq vdyhuv dqg hqwuhsuhqhxuv/ zklfk zrxog hperg| d vxevlg| wr

hqwuhsuhqhxuvkls lqwr wkh wd{ vwuxfwxuh1 Lw fdq eh vkrzq wkdw vxfk d vxevlg|

kdv vwdqgdug h�hfwv rq fdslwdo dffxpxodwlrq/ dqg wkdw lw d�hfwv wkh h!flhqf|

ri wkh �qdqfldo v|vwhp rqo| wkurxjk lwv h�hfw rq wkh rxwvwdqglqj vwrfn ri

ghew khog e| hqwuhsuhqhxuv +vhh dsshqgl{,/ wkdw lv/ rqo| lqgluhfwo| wkurxjk

lwv lqwhujhqhudwlrqdo h�hfwv1 Dv iru gl�huhqfhv lq wkh wd{hv sdlg e| vxffhvvixo

dqg edqnuxsw hqwuhsuhqhxuv/ lw fdq eh fkhfnhg wkdw lw grhv qrw d�hfw rxu

uhvxowv1

Wkhuhiruh/ wrwdo wd{ uhfhlswv dw gdwh | duh htxdo wr=

W| ' A�| n A�|

Jryhuqphqw erqgv surplvh wr sd| d vdih uhwxuq htxdo wr �n o|n� ri jrrg

4 dw E| n ��n lq h{fkdqjh iru � xqlw ri jrrg 4 dw |n� Wkh hyroxwlrq ri sxeolf

ghew +lq shu fdslwd whupv, lv wkxv=

(|n� ' E� n o|n��(| nC|n� � W|n�c

zkhuh C|n� ghqrwhv jryhuqphqw h{shqglwxuh/ zklfk zh wuhdw dv h{rjh0

qrxv1 Ilqdoo|/ djhqwv pxvw eh lqgl�huhqw ehwzhhq ohqglqj wr wkh jryhuqphqw

ru ex|lqj fdslwdo dqg ohqglqj lwv uhwxuq wr �qdqfldo lqwhuphgldulhv1 Wklv

lpsolhv wkh iroorzlqj duelwudjh frqglwlrq=

� n o|n� ' �E� n 4|n�� +7,

517 Wkh duelwudjh ehwzhhq vdylqjv dqg surmhfwv

Vlqfh lq htxloleulxp qrw doo djhqwv lqyhvw lq d surmhfw/ shrsoh pxvw eh lqgl�hu0

hqw ehwzhhq lqyhvwlqj lq d surmhfw ru qrw1 Dq| �qdqfldo frqwudfw zloo vshfli|

<



wkdw wkh hqwuhsuhqhxu sd|v L|n� wr wkh �qdqfldo lqwhuphgldu| li wkh surmhfw lv

vxffhvvixo dqg T|n� li lw idlov1 Wkhvh txdqwlwlhv zloo eh ghwhuplqhg ehorz1 Dovr

6|n�%~|n� lv vshqw rq prqlwrulqj rq hdfk surmhfw/ zkhuh6|n� lv wkh lqwhuph0

gldwlrq pdujlq +dqg �|n� ' ?6|n�%~|n� ' 6|n�~|n��� Ohw xv uhqrupdol}h

uhsd|phqwv lq whupv ri wkh dprxqw ohqw/ lqwurgxflqj �|n� ' L|n�*E%~|n��

dqg �|n� ' T|n�*E%~|n��

Wkhq li lqwhuphgldulhv duh frpshwlwlyh wkhlu }hur sur�w frqglwlrq lpsolhv=

E�� 0��|n� n 0�|n� �6|n� ' E� n 4|n�� +8,

Li dq lqglylgxdo grhv qrw vwduw d surmhfw/ klv h{shfwhg frqvxpswlrq dw

E|n ��n lv vlpso|=

.|S�|n� ' S�|n� ' E� n o|n��E�t| � S�| � A�|�� A�|n� +9,

Qrwh wkdw ehfdxvh ri wkh duelwudjh frqglwlrq +7,/ wkh vsolw ri vdylqjv

ehwzhhq sxeolf ghew dqg surmhfwv lv luuhohydqw wr wkh lqglylgxdo1

Frqvlghu qrz wkh ghflvlrq ri hqjdjlqj lqwr d surmhfw1 H{shfwhg frqvxps0

wlrq lv wkhq=

.|S�|n� ' E� n o|n��E�t| � S�| � A�|� n +:,

E�� 0�E-%~|n� � L|n�� n 0E�T|n��� A�|n�

Lqgl�huhqfh ehwzhhq uxqqlqj d surmhfw dqg ohqglqj wr lqwhuphgldulhv lp0

solhv wkdw h{shfwhg frqvxpswlrq pxvw eh wkh vdph xqghu hlwkhu rswlrq1 Pdn0

lqj xvh ri +8,/ zh vhh wkdw wklv lv htxlydohqw wr=

� n 4|n� ' -E�� 0��6|n�c +;,

Htxdwlrq +;, whoov xv wkdw wkh udwh ri uhwxuq sdlg wr vdyhuv ehwzhhq E|n��3

dqg E| n ��n e| �qdqfldo lqwhuphgldulhv lv htxdo wr wkh h{shfwhg udwh ri
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uhwxuq rq surmhfwv -E� � 0�/ plqxv wkh lqwhuphgldwlrq pdujlq 6|n�� Lw lq

h�hfw ghwhuplqhv wkh htxloleulxp udwh ri uhwxuq rq vdylqjv dv d ixqfwlrq ri

prqlwrulqj dfwlylw| dqg wd{ srolf|1 Ehfdxvh ri frqvwdqw uhwxuqv wr vfdoh lq

wkh uhwxuq wr surmhfwv/ hqwuhsuhqhxuv gr qrw hduq dq| uhqw rq wkhlu surmhfw

dqg doo wkhlu h{shfwhg uhwxuq lv sdlg wr vdyhuv1

Xvlqj +;,/+5,/ +4,/ dqg wkh idfw wkdw �|n� ' 6|n�~|n� zh jhw d xvhixo

uhodwlrqvkls ehwzhhq rxwsxw dqg wkh udwh ri uhwxuq rq ordqv=

t|n� ' �E� n 4|n��g| +<,

Wklv vlpso| whoov xv wkdw lq htxloleulxp hdfk xqlw ri jrrg 5 |lhogv rq

dyhudjh � n 4|n� ri jrrg 4c wkh qhw dyhudjh uhwxuq wr hqwuhsuhqhxuv1 Wkh

txdqwlw| � n 4|n� lv wkh h!flhqf| ri fdslwdo/ lw whoov xv krz pxfk rxwsxw lv

jhqhudwhg e| rqh xqlw ri fdslwdo rqfh prqlwrulqj frvwv kdyh ehhq ghgxfwhg1

Xqghu shuihfw �qdqfldo pdunhwv +� ' f,/ lw zrxog eh htxdo wr �-E� � 0��

Xqghu lpshuihfw �qdqfldo pdunhwv lw lv orzhu wkdq �-E�� 0� dqg srwhqwldoo|

d�hfwhg e| jryhuqphqw srolf| yld lwv h�hfw rq �qdqfldo prqlwrulqj1

518 Frqvxpswlrq dqg zhdowk dffxpxodwlrq

Frqvxphuv ghwhuplqh wkhlu vshqglqj zkhq |rxqj e| pd{lpl}lqj +6, xqghu

wkh frqvwudlqw +9, ru htxlydohqwo| +:,1 Jlyhq wkh krprwkhwlflw| ri wkh xwlolw|

ixqfwlrq/ frqvxpswlrq zkhq |rxqj lv jlyhq e|

S�| ' �Eo|n��

�
�t| � A�| � A�|n�

� n o|n�

�
+43,

Wkurxjkrxw wkh sdshu zh vkdoo dvvxph wkdw vxevwlwxwlrq h�hfwv grplqdwh/

wkdw lv �� � f� Wkh zhdowk dffxpxodwhg e| wkh |rxqj lv wkhq vsolw ehwzhhq

sxeolf ghew dqg sk|vlfdo fdslwdo/ lq wkh idvklrq ri Gldprqg +4<98,=

g| n(| ' d�t| � S�| � A�|o +44,
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Lw lv xvhixo wr xvh +;,/ +9, dqg +44, wr h{suhvv h{shfwhg frqvxpswlrq zkhq

rog lq wkh iroorzlqj zd|=

.|S�|n� ' �E� n 4|n��g| n �E� n 4|n��(| � A�|n� +45,

6 Wkh ghwhuplqdwlrq ri �qdqfldo frqwudfwv

Wkh vwuxfwxuh ri �qdqfldo frqwudfwv iroorzv d qrz zhoo vwxglhg vwuxfwxuh +Vhh

Jdoh dqg Khoozlj +4<;8,/ Zlooldpvrq +4<;9,/ Ehuqdqnh dqg Jhuwohu +4<;<,,1

Zh dvvxph wkdw lw lv frvwo| iru ohqghuv wr revhuyh wkh rxwfrph ri d surmhfw1

Wr gr vr rqh pxvw sd| d prqlwrulqj frvw htxdo wr ��%~|n��

Zh wkhq nqrz +vhh Ehuqdqnh dqg Jhuwohu/ 4<;<, wkdw wkh rswlpdo frq0

wudfw kdv wkh iroorzlqj fkdudfwhulvwlfv1 Jlyhq ulvn0qhxwudolw|/ wkh frqwudfw

vkrxog plqlpl}h wkh uhvrxufhv vshqw rq prqlwrulqj xqghu wkh frqvwudlqw wkdw

dghtxdwh lqfhqwlyhv duh surylghg1 Li wkh hqwuhsuhqhxu fodlpv wkdw wkh surmhfw

vxffhhgv/ wkh vwdwh ri qdwxuh lv qrw yhul�hg dqg L|n� lv uhsdlg1 Li kh fodlpv

wkdw wkh surmhfw idlov/ lw lv rswlpdo wr wudqvihu dv pxfk dv srvvleoh wr wkh

ohqghu dqg wr revhuyh wkh vwdwh zlwk udqgrp suredelolw| Z|n� +Wklv lpsuryhv

rq v|vwhpdwlfdoo| revhuylqj wkh rxwfrph zkhq wkh edg vwdwh lv uhsruwhg,1

Wkh frqglwlrq wkdw hyhu|wklqj lv sdlg wr wkh ohqghu lq wkh fdvh ri edqnuxswf|

lpsolhv=

T|n� ' E� n o|n��E�t| � S�| � A�|�� A�|n� ' `|n� � A�|n�c

zkhuh

`|n� ' E� n o|n��E�t| � S�| � A�|� ' E� n o|n�� Eg| n(|� +46,

lv wkh suh0wd{ zhdowk ri wkh hqwuhsuhqhxu1 Wkxv/ wkh froodwhudo vhl}deoh e| wkh

ohqghu lv wkdw zhdowk qhw ri wd{hv1 Iru vlpsolflw| zh ljqruh qrq0qhjdwlylw|
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frqvwudlqwv rq T|n�� Wklv phdqv wkdw li wkh edqnuxsw hqwuhsuhqhxu fdqqrw

phhw lwv wd{ reoljdwlrqv wkh ohqghu kdv wr gr lw rq klv ehkdoi1

Zh qrz wxuq wr wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw/ wkdw lv wkh frq0

vwudlqw wkdw wkh eruurzhu pxvw wuxwkixoo| uhsruw wkh rxwfrph ri klv surmhfw1

Li wkh eruurzhu fkhdwv e| idovho| uhsruwlqj d idloxuh/ kh fdq nhhs wkh uhwxuq

wr klv surmhfw -%~|n� li qrw prqlwruhg/ exw orvhv hyhu|wklqj li prqlwruhg1

Wkhuhiruh wkh LF frqvwudlqw uhdgv dv=

`|n� � A�|n� n-%~|n� � L|n� A E�� Z|n��-%~|n�

Wklv lv htxlydohqw wr wkh iroorzlqj uhodwlrqvkls ehwzhhq wkh prqlwrulqj

suredelolw| dqg uhsd|phqw=

Z|n� '
L|n� �`|n� n A�|n�

-%~|n�

+47,

Wkxv/ jlyhq frqwudfwxdo uhsd|phqw L|n� pruh hqwuhsuhqhxuldo zhdowk +qhw

ri wd{hv, uhgxfhv wkh lqfhqwlyh wr fkhdw/ wkxv orzhulqj wkh lqfhqwlyh frpsdw0

leoh suredelolw| ri prqlwrulqj1

Ilqdoo|/ wkh uhwxuq wr wkh ohqghu pxvw rq dyhudjh eh E� n 4|n�� lq frp0

shwlwlyh htxloleulxp/ vr wkdw=

E�� 0�L|n� n 0 d`|n� � A�|n� � �Z|n�%~|n�o ' E� n 4|n��%~|n� +48,

Wkh odvw whup lq wkh OKV lv wkh orvv gxh wr prqlwrulqj frvwv1 Dyhudjh

prqlwrulqj frvwv shu xqlw ohqw duh 6|n� ' 0�Z|n��

Htxdwlrqv +47, dqg +48, ghwhuplqh wkh sdudphwhuv ri wkh rswlpdo frqwudfw

L|n� dqg Z|n� dv d ixqfwlrq ri hqwuhsuhqhxuldo zhdowk/ wd{hv/ dqg uhtxluhg

udwh ri uhwxuq rq vdylqjv1 Zh jhw=

Z|n� '
�

-E�� 0�� 0�

�
� n 4|n� �

`|n� � A�|n�

%~|n�

�
' 6|n�*0�c +49,
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dqg=

L|n� '
E� n 4|n��%~|n� � E0�*-n 0� E`|n� � A�|n��

�� 0� 0�*-
+4:,

Htxdwlrq +49, whoov xv wkdw wkh prqlwrulqj suredelolw| +dqg wkhuhiruh wkh

uhvrxufhv vshqw rq prqlwrulqj, lv +l, kljkhu zlwk uhtxluhg uhsd|phqw � n

4|n�c dqg +ll, orzhu zlwk wkh zhdowk ri wkh rog `|n�/ qhw ri wd{hv1 Kljkhu

hqwuhsuhqhxuldo zhdowk uhgxfhv wkh lqfhqwlyhv wr fkhdw/ ehfdxvh pruh lv orvw

lq fdvh ri ehlqj prqlwruhg1 Frqvhtxhqwo| rqh fdq prqlwru ohvv riwhq dqg

zdvwh ohvv uhvrxufhv lq prqlwrulqj1 Kljkhu wd{hv sdlg e| hqwuhsuhqhxuv orzhu

wkhlu froodwhudo/ wkxv iruflqj dq lqfuhdvh lq wkh uhtxluhg uhsd|phqw L|n� dqg

frqvhtxhqwo| ri wkh prqlwrulqj suredelolw| Z|n��

Htxdwlrq +4:, uhodwhv wkh qrplqdo lqwhuhvw udwh fkdujhg rq d ordq wr wkh

uhtxluhg udwh ri uhwxuq rq vdylqjv 4c wkh froodwhudo wkdw fdq eh vhl}hg E`|n��
A�|n�� dqg wkh frvw ri prqlwrulqj ��

7 Htxloleulxp

Zh duh qrz lq d srvlwlrq wr vroyh wkh prgho dqg wr dqdo|}h wkh surshuwlhv ri

wkh vroxwlrq1 Wkh pdlq wzr yduldeohv ri lqwhuhvw duh 4c zklfk ghvfulehv wkh

htxloleulxp uhwxuq wr vdylqjv dqg d�hfwv fdslwdo dffxpxodwlrq wkurxjk +43,/

dqg 6c zklfk ghvfulehv wkh h!flhqf| ri wkh �qdqfldo vhfwru1 Zh �uvw vroyh

iru wkhp dv d ixqfwlrq ri dffxpxodwhg zhdowk `|n��

Wkh htxloleulxp udwh ri uhwxuq fdq eh rewdlqhg e| soxjjlqj +49, lqwr +;,/

|lhoglqj=

� n 4|n� ' -E�� 0�� 0� n
0�

-%E�� 0�~|n�

d`|n� � A�|n�o +4;,

Vxevwlwxwlqj +4;, lqwr +49, zh jhw wkh htxloleulxp ohyho ri prqlwrulqj/ ru

47



lqwhuphgldwlrq pdujlq=

6|n� ' 0�

�
�� `|n� � A�|n�

-%~|n�E�� 0�

�
+4<,

Wkhvh wzr htxdwlrqv looxvwudwh krz hqwuhsuhqhxuldo zhdowk d�hfw �qdqfldo

frqwudfwv1 Lqfhqwlyhv duh lpsuryhg/ ohvv lv vshqw rq prqlwrulqj/ zklfk lq0

fuhdvhv wkh uhwxuq wr vdyhuv1 Froodwhudo/ zklfk lv slfnhg xs e| wkh odvw whup

lq +4;,/ zloo kdyh d juhdwhu h�hfw rq wkh htxloleulxp udwh ri uhwxuq zkhq

prqlwrulqj frvwv duh kljkhu/ l1h1 zkhq � lv kljkhu1 Devhqw prqlwrulqj frvwv

wkhuh lv qr froodwhudo h�hfw1

Zh qrz dqdo|}h wkh h�hfwv ri �vfdo srolf|1 Zh �uvw ghdo zlwk lwv sduwldo

htxloleulxp h�hfwv +wdnlqj lqwhuhvw udwhv dv jlyhq,/ dqg wkhq wdfnoh jhqhudo

htxloleulxp h�hfwv1

714 Sduwldo htxloleulxp h�hfwv ri �vfdo srolf|

Htxdwlrq +46, lpsolhv wkdw jlyhq g|c d juhdwhu ohyho ri sxeolf ghew lqfuhdvhv

sulydwh zhdowk dqg wkhuhiruh froodwhudo/ zklfk kdv d srvlwlyh lpsdfw rq wkh

h!flhqf| ri wkh �qdqfldo vhfwru1

Lqwhuhvwlqjo|/ wklv h�hfw lv gluhfwo| uhodwhg wr wkh h{whqw wr zklfk jry0

huqphqw ghew lv shufhlyhg dv qhw zhdowk wr wkh sulydwh vhfwru/ wkdw lv wr wkh

ghjuhh ri idloxuh ri Ulfdugldq htxlydohqfh1 Wr vhh wklv/ frqvlghu wkh lpsdfw ri

d Ulfdugldq lqfuhdvh lq sxeolf ghew1 Wkdw lv/ dq lqfuhdvh lq sxeolf ghew vxfk

wkdw wkh qhw zhdowk ri fxuuhqw jhqhudwlrqv lv xqd�hfwhg> wkh lqfuhdvh lq wkhlu

ixwxuh wd{hv h{dfwo| r�vhwv wkh uhgxfwlrq lq wkhlu fxuuhqw wd{hv1 Dvvxplqj

wkh hqwuhsuhqhxuldo vxevlg| lv dovr xqfkdqjhg/ wklv lpsolhv=

{A�| ' � {A�|n�

� n o|n�

Fohduo| wkh |rxqj*v frqvxpswlrq lv xqfkdqjhg/ vr wkdw {`|n� ' �E� n

o|n��{A�| ' {A�|n�� Khqfh wkh froodwhudo h�hfw `|n� � A�|n� lv xqd�hfwhg/
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dqg vr lv wkh h!flhqf| ri wkh �qdqfldo vhfwru1 Ghew lv wkhq qhxwudo lq wkdw lw

qhlwkhu d�hfwv fdslwdo dffxpxodwlrq qru wkh h!flhqf| ri wkh �qdqfldo vhfwru1

Zkhq/ rq wkh rwkhu kdqg/ sduw ri ixwxuh wd{hv duh sdlg e| ixwxuh jhqhudwlrqv/

wkh lqfuhdvh lq ghew lqfuhdvhv wkh zhdowk ri fxuuhqw jhqhudwlrqv1 Qh{w shulrg*v

hqwuhsuhqhxuv zloo kdyh juhdwhu froodwhudo/ zklfk uhgxfhv wkh vhyhulw| ri wkh

prqlwrulqj sureohp1

Wklv lv ehfdxvh lqgluhfwo|/ wkurxjk wkhlu wd{ oldelolwlhv/ ixwxuh jhqhudwlrqv

duh dfwlqj dv d jxdudqwhh iru wkh hqwuhsuhqhxuv ri wkh fxuuhqw jhqhudwlrq1

Frqvlghu iru h{dpsoh wkh vshfldo fdvh zkhuh doo djhqwv sd| wkh vdph wd{/

l1h1 A�| ' A�
�| ' A 7

�| ' A�|� Xvlqj +4;, dqg +<, zh fdq h{suhvv rxwsxw dv d

ixqfwlrq ri fdslwdo dqg srvw0wd{ zhdowk ri wkh rog jhqhudwlrq=

t|n� ' �g|-E�� 0� 0�*E-�� n
0�

-%E�� 0�
d`|n� � A|n�o

' @g| n Kd`|n� � A|n�oc +53,

zkhuh @ ' �E-E�� 0�� 0�� dqg K ' 0�*-%E�� 0�

Zh wkxv jhw d uhgxfhg irup surgxfwlrq ixqfwlrq zkhuh rxwsxw ghshqgv

qrw rqo| rq sk|vlfdo fdslwdo exw dovr rq sulydwh zhdowk1 Lw lv pruh vhqvlwlyh

wr zhdowk/ dqg ohvv wr rxwsxw/ wkh juhdwhu wkh prqlwrulqj frvw sdudphwhu ��

Pruh vhyhuh prqlwrulqj sureohpv pdnh froodwhudo pruh uhohydqw/ dqg dw wkh

vdph wlph lqfuhdvh wkh vkduh ri fdslwdo orvw lq prqlwrulqj/ zklfk uhgxfhv lwv

qhw pdujlqdo surgxfw1

Dw wkh vdph wlph/ wkh zhoo nqrzq furzglqj0rxw h�hfwv dovr vwhs lq1 Wkh

pruh ghew lv qhw zhdowk wr fxuuhqw jhqhudwlrqv/ wkh juhdwhu wkhlu frqvxps0

wlrq dqg wkh orzhu wkhlu fdslwdo dffxpxodwlrq1 Frqvhtxhqwo| sxeolf ghew

h{huwv wzr frxqwhuydlolqj h�hfwv rq rxwsxw dqg jurzwk1 Furzglqj rxw uh0

gxfhv fdslwdo dffxpxodwlrq/ exw wkdw fdslwdo lv pruh h!flhqwo| xvhg ehfdxvh

ohvv ri lw lv vshqw rq prqlwrulqj1 Wkhvh h�hfwv duh ri rssrvlwh vljqv/ exw wkhlu
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pdjqlwxghv duh lqwlpdwho| uhodwhg/ vlqfh wkh| erwk dfw wkurxjk wkh fxuuhqw

jhqhudwlrq*v qhw zhdowk1

715 Lqwud0shulrg htxloleulxp ghwhuplqdwlrq

Zh qrz wxuq wr wkh mrlqw ghwhuplqdwlrq ri rxwsxw/ �qdqfldo h!flhqf|/ dqg

lqwhuhvw udwhv1 Lw lv frqyhqlhqw wr �uvw dqdo|}h zkdw kdsshqv devhqw sxeolf

ghew +( ' A ' C ' f�� Wkh prgho lv wkhq hdvlo| uhgxfhg wr 7 htxdwlrqv=

S�| ' �Eo|n���t|

g| ' E�� �Eo|n����t| +54,

t|n� ' E� n o|n��g| +55,

� n o|n� ' @n KE� n o|n��

Fohduo|/ wkhuh h{lvwv d xqltxh htxloleulxp sdwk wkdw lv dovr dq edodqfhg

hqgrjhqrxv jurzwk sdwk +wklv lv gxh wr wkh olqhdu0lq0fdslwdo vwuxfwxuh ri wkh

prgho,1 Wkh htxloleulxp lqwhuhvw udwh fdq eh vroyhg iurp wkh odvw htxdwlrq=

� n o '
@

�� K
+56,

'
�E-E�� 0�� 0��

�� 0�*-%E�� 0�
+57,

Jlyhq wkdw % � �c wklv dprxqw lv vpdoohu wkdq wkh h{shfwhg uhwxuq rq

surmhfwv ehwzhhq | dqg | n �c �-E� � 0�� Qrwh wkdw zkhq % ' � rqh kdv

6 ' f dqg �no ' �-E��0�� Wkh ordqv duh ixoo| froodwhudol}hg vlqfh wkh vl}h

ri wkh surmhfw lv suhflvho| htxdo wr wkh lqglylgxdo*v hqgrzphqw ri jrrg 51 Lq

wkdw fdvh wkh zhdowk wkdw fdq eh vhl}hg lv h{dfwo| htxdo wr wkh dprxqw wr eh

uhsdlg/ vr wkdw lqfhqwlyhv wr uhsruw edqnuxswf| duh }hur dqg zh duh edfn wr

wkh shuihfw �qdqfldo pdunhwv fdvh1

4:



Wkh jurzwk udwh lv wkhq frpsxwhg e| pdnlqj wkh dssursuldwh vxevwlwxwlrq

lqwr +55,=7

} ' �E�� �

�
@

�� K

�
�

@

�� K

Dv orqj dv � lv ghfuhdvlqj lq o wklv kdv vwdqgdug surshuwlhv1 Zh qrz wxuq

wr wkh pruh lqwhuhvwlqj fdvh zkhuh wkhuh lv sxeolf ghew1

Ohw xv qrz uhlqwurgxfh �vfdo srolf|/ dvvxplqj wkdw hyhu| lqglylgxdo sd|v

wkh vdph wd{ A|1 Wkh v|vwhp hyroyhv qrz dffruglqj wr=

S�| ' �Eo|n��E�t| � A| � A|n�*E� n o|n��� +58,

g| ' E�� �Eo|n���E�t| � A|� n �Eo|n��A|n�*E� n o|n���(| +59,

t|n� ' E� n o|n��g| +5:,

� n o|n� ' @ n KE
E� n o|n�� Eg| n(|�� A|n�

g|

� +5;,

Iljxuh 5 looxvwudwhv htxloleulxp ghwhuplqdwlrq1 Wkh xszdug vorslqj or0

fxv/ dvvrfldwhg zlwk +59,/ gh�qhv wkh vwrfn ri fdslwdo dftxluhg e| wkh |rxqj

dv d ixqfwlrq ri wkh uhdo lqwhuhvw udwh1 Zh dvvxph wkdw lw lv xszdug vors0

lqj8> wkdw lv/ wkh xvxdo vxevwlwxwlrq h�hfwv grplqdwh1 Wkh grzqzdug vorslqj

orfxv/ jlyhq e| +5;,/ gh�qhv wkh h�hfw ri dffxpxodwhg fdslwdo rq wkh htxlole0

ulxp udwh ri uhwxuq1 Qrwh wkdw eruurzlqj uhtxluhphqwv duh kljkhu zkhq wkh

hfrqrp| kdv dffxpxodwhg pruh fdslwdo/ zkloh ehfdxvh lwv ghew frpsrqhqw

lv �{hg froodwhudo grhv qrw lqfuhdvh sursruwlrqdoo|1 Wkxv dv fdslwdo lqfuhdvhv

froodwhudo idoov uhodwlyh wr eruurzlqj uhtxluhphqw vr wkdw pruh lv vshqw rq

prqlwrulqj dqg udwhv ri uhwxuq idoo1 Wklv ghfuhdvlqj uhwxuqv surshuw| frphv

hqwluho| iurp lpshuihfwlrqv lq wkh �qdqfldo vhfwru/ frxsohg zlwk wkh h{lvwhqfh

7Zh pdnh xvh ri +54,/ +56, dqg ri wkh gh�qlwlrqv ri d dqg e=
8Wklv lv qrw uhdoo| qhhghg/ zkdw zh qhhg lv wkdw li lw lv grzqzdug vorslqj/ wkhq lw lv

 dw hqrxjk1
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ri sxeolf ghew1 Devhqw sxeolf ghew pruh fdslwdo lqfuhdvhg froodwhudo e| h{0

dfwo| wkh vdph sursruwlrq dv eruurzlqj uhtxluhphqwv1 Wkxv wklv orfxv zdv

krul}rqwdo dqg wkh lqwhuhvw udwh zdv edvlfdoo| h{rjhqrxv1 Khuh wkh lqwhuhvw

udwh sdlg wr fuhglwruv lqfuhdvhv zlwk wkh ghew2fdslwdo udwlr exw wklv lv qrw gxh

wr wkh xvxdo furzglqj rxw surshuwlhv9/ qru wr dq| �shvr sureohp� dvvrfldwhg

zlwk ghew/ vlpso| wr wkh vslooryhuv ri sxeolf ghew wr wkh h!flhqf| ri sulydwh

ohqglqj1

Iljxuh 6 uhsuhvhqwv wkh qhw h�hfw ri d uhgxfwlrq lq wd{ udwhv wrgd| pdwfkhg

e| dq lqfuhdvh lq sxeolf ghew/ dvvxplqj wkdw A|n� lv xqfkdqjhg +wkdw lv/ wklv

lv uroohg ryhu dw ohdvw rqh h{wud shulrg dqg sdlg edfn e| vxevhtxhqw jhq0

hudwlrqv,1 Erwk orfl vkliw xszdugv1 Wkh xszdug vkliw lq wkh vdylqjv orfxv

uhsuhvhqwv wkh xvxdo furzglqj rxw h�hfw= fdslwdo dffxpxodwlrq idoov/ dqg wkh

lqgxfhg h�hfw rq �qdqfldo h!flhqf| ohdgv wr d ulvh lq udwhv ri uhwxuq1 Dw wkh

vdph wlph/ wkh lqfuhdvh lq sxeolf ghew udlvhv froodwhudo dqg wkhuhiruh wkh �0

qdqfldo h!flhqf| orfxv dovr vkliwv xszdugv1 Wkh lqwhuhvw udwh xqdpeljxrxvo|

lqfuhdvhv ehfdxvh ri froodwhudo h�hfwv1 Wkh lqwhuphgldwlrq pdujlq fohduo|

idoov1 Fdslwdo dffxpxodwlrq pd| hyhq lqfuhdvh li wkh lpsdfw ri �qdqfldo h!0

flhqf| lv odujh hqrxjk/ dqg vr pd| rxwsxw1

Wkh ehqh�fldo h�hfwv ri ghew rq prqlwrulqj frvwv/ kdyh wr eh h{kdxvwhg

vlqfh diwhu d fhuwdlq ohyho ri ghew ordqv duh ixoo| froodwhudol}hg1 Wkh fruuh0

vsrqglqj ohyho ri ghew zloo eh wkh rqh vxfk wkdw � n o|n� lv htxdo wr wkh ixoo

lqirupdwlrq uhwxuq rq fdslwdo/ l1h1 (| ' g|E%� �� n A|n�*E�-E�� 0��� Wklv

vxjjhvwv wkdw li rxwsxw +ru fdslwdo, ulvhv zlwk ghew lw zloo rqo| eh ryhu d fhu0

wdlq udqjh1 Wr looxvwudwh wklv h�hfw ohw xv frqvlghu zkdw kdsshqv zkhq �E��

lv d frqvwdqw/ zkhq wkhuh duh qr wd{hv qh{w shulrg/ dqg zkhq odvw shulrg*v

ghew lv }hur/ vr wkdw (|nA| ' f1 Lq vxfk d fdvh ghew xqdpeljxrxvo| uhgxfhv

9Li wkhuh duh frqvwdqw uhwxuqv wr fdslwdo furzglqj rxw lv lq wkh irup ri orzhu jurzwk/
qrw kljkhu lqwhuhvw udwhv/ vhh Vdlqw0Sdxo +4<<5,1
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fdslwdo exw pd| lqfuhdvh rxwsxw1 Zh jhw=

t|n� '
@ EE�� ���t| � �(|�

2

�t| � E�t| n(|�E�n KE�� ���
c

iru (| � E�� ���t|E%� ��

� n �E%� ��
(

t|n� ' @E�� ���t| � @�(|c

iru (| :
E�� ���t|E%� ��

� n �E%� ��
�

�

Wkh ghshqghqfh ri rxwsxw rq ghew lv looxvwudwhg rq �jxuh 71: Wkh qhw

h�hfw ri ghew rq rxwsxw lv kxps0vkdshg1 Dw orz ghew ohyhov wkh �qdqfldo

h!flhqf| h�hfw grplqdwhv/ zkloh rqo| wkh furzglqj0rxw h�hfw uhpdlqv li ghew

lv wrr kljk1;

716 Edodqfhg jurzwk sdwkv

Zh qrz frpsxwh wkh edodqfhg jurzwk sdwkv ri wkh hfrqrp|/ dvvxplqj wkdw

wkh jryhuqphqw pdlqwdlqv d frqvwdqw udwlr _ ehwzhhq wkh ydoxh ri sxeolf ghew

dqg wkh vwrfn ri fdslwdo1

Lw lv frqyhqlhqw wr vwxg| wkh htxloleulxp lq whupv ri vhyhudo uhodwlrqvklsv

ehwzhhq wkh lqwhuhvw udwh o dqg wkh jurzwk udwh }�

Iluvw/ qrwh wkdw wr pdlqwdlq frqvwdqw wkh udwlr _ ' (|*g| wd{hv pxvw eh

htxdo wr=

A| ' _Eo � }�g|3� +5<,

:Iljxuh 7 zdv gudzq zlwk wkh iroorzlqj sdudphwhu ydoxhv= { @ 5>k @ 3=8> d @ 4> e @
3=6>! @ 4=

;Wkh qrq prqrwrqlflw| lv dvvrfldwhg zlwk d glvfrqwlqxlw| lq wkh ghulydwlyh/ exw wklv
zrxog qrw eh vr li wkhuh zdv khwhurjhqhlw| dfurvv eruurzhuv lq wkh dprxqw eruurzhg1
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Wklv lv wkh vwdqgdug uhvxowv wkdw li o : } d srvlwlyh wd{ udwh lv qhhghg wr

suhyhqw ghew iurp h{sorglqj/ zkloh li o 	 } ghew g|qdplfv duh vwdeoh vr wkdw

d qhjdwlyh wd{ udwh lv frpsdwleoh zlwk d srvlwlyh ohyho ri ghew1

Vhfrqg/ htxdwlrq +5;,/ zklfk whoov xv krz sulydwh hqwuhsuhqhxuldo zhdowk

d�hfwv wkh udwh ri uhwxuq rq fdslwdo/ ehfrphv/ lq d edodqfhg jurzwk sdwk=

� n o ' @ n KEE� n o� E� n _�� _Eo � }��

Wklv gh�qhv d srvlwlyh uhodwlrqvkls ehwzhhq wkh jurzwk udwh dqg wkh lq0

whuhvw udwh1 Wklv srvlwlyh uhodwlrqvkls lv lq frqwudvw zlwk wkh qhjdwlyh uhod0

wlrqvkls ehwzhhq fdslwdo dqg lqwhuhvw udwhv wkdw suhydlohg lq wkh lqwud0shulrg

htxloleulxp/ zkhq wd{hv zhuh khog �{hg1 Khuh idvwhu jurzwk doorzv wr pdlq0

wdlq d jlyhq ghew exughq zlwk orzhu wd{hv +uhodwlyh wr wkh fdslwdo vwrfn,1

Orzhu wd{hv lq wxuq lqfuhdvh wkh froodwhudo ri hqwuhsuhqhxuv/ wkxv lqfuhdvlqj

wkh udwh ri uhwxuq wr ohqghuv lq htxloleulxp1

Wkxv zkhq wkhuh lv sxeolf ghew/ wkhuh lv d ��qdqfldo dffhohudwru� dvvr0

fldwhg zlwk idvwhu jurzwk/ dv d orzhu wd{ exughq rq hqwuhsuhqhxuv lpsuryhv

wkhlu vroyhqf| dqg uhgxfhv wkh dprxqw ri uhvrxufhv glvvlsdwhg lq prqlwrulqj

frvwv1 Wkh vl}h ri wklv h�hfw lv gluhfwo| uhodwhg wr wkh vl}h ri sxeolf ghew1

Frqfhuqlqj wkh rwkhu uhodwlrqvkls ehwzhhq jurzwk dqg lqwhuhvw udwhv/ wkh|

duh dovr shuwxuedwhg e| �vfdo srolf|1 Wkh dffxpxodwlrq htxdwlrq iru fdslwdo

ehfrphv=

g|E� n _� ' E�� �Eo���t| n _Eo � }�g|

�
�Eo�

� n o
� �� �Eo�

� n }

�

Wkh odvw whup uhsuhvhqwv wkh frqwulexwlrq ri wd{hv wr vdylqjv dqg lv dp0

eljxrxv dv pruh wd{hv wrpruurz lqfuhdvh vdylqjv wrgd| zkloh pruh wd{hv

wrgd| uhgxfh wkhp1 Wkh �uvw whup zloo lqgxfh d srvlwlyh uhodwlrqvkls eh0

wzhhq lqwhuhvw udwhv dqg fdslwdo dffxpxodwlrq1 Xvlqj +5:, zh fdq wkhq jhw d
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uhodwlrqvkls ehwzhhq jurzwk dqg lqwhuhvw udwhv wkdw whoov xv krz pxfk udwhv

ri uhwxuq d�hfw wkh lqfhqwlyhv iru fdslwdo dffxpxodwlrq1

} '
E� n o��E�� �Eo��

� n _� _Eo � }�
�
�Eo�
�no

� �3�Eo�
�n}

�

Wklv uhodwlrqvkls lv lq sulqflsoh xszdug vorslqj/ vr wkdw wkhuh pd| eh

pxowlsoh htxloleuld/ wkdw duh dqdo|}hg ehorz1

Htxloleulxp lv uhsuhvhqwhg rq �jxuh 8> lw lv ghwhuplqhg e| wkh lqwhuvhf0

wlrq ri wzr xszdug0vorslqj orfl/ zklfk uhsuhvhqw erwk vdylqjv ehkdylrxu dqg

wkh lpsdfw ri zhdowk rq �qdqfldo h!flhqf|/ dv lq wkh suhylrxv vxevhfwlrq1

Wkh �qdqfldo h!flhqf| orfxv lv dvvxphg  dw hqrxjk wr jxdudqwhh d xqltxh

htxloleulxp1

Wkh lpsdfw ri dq lqfuhdvh lq wkh ghew2JGS udwlr lv dqdo|}hg lq �jxuh

91 Lq dq hqgrjhqrxv jurzwk prgho/ wkh xvxdo furzglqj rxw h�hfwv wdnh wkh

irup ri d uhgxfwlrq lq wkh jurzwk udwh/ khuh dq xszdug vkliw ri wkh vdylqjv

vfkhgxoh<1 Exw wkh �qdqfldo h!flhqf| vfkhgxoh dovr vkliwv xs iru wkh uhdvrqv

douhdg| h{sodlqhg1 Wkh udwh ri uhwxuq xqdpeljxrxvo| jrhv xs/ zkloh jurzwk

pd| hlwkhu ulvh ru idoo1

Wkh srvvlelolw| ri pxowlsoh htxloleuld lv uhsuhvhqwhg rq �jxuh :1 Pxowlsolf0

lw| lv gxh wr d �vfdo2�qdqfldo dffhohudwru= idvwhu jurzwk doorzv wr pdlqwdlq

wkh vdph ghew2jgs udwlr zlwk orzhu wd{hv> orzhu wd{hv lqfuhdvh wkh froodw0

hudo ri eruurzhuv> udwhv ri uhwxuqv ulvh ehfdxvh ohvv lv vshqw rq prqlwrulqj1

Jurzwk lqfuhdvhv dv erwk wkh h!flhqf| ri fdslwdo dqg wkh lqfhqwlyhv iru fds0

lwdo dffxpxodwlrq lqfuhdvh1
<Vhh Vdlqw0Sdxo +4<<5,1
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8 Rq wkh wlplqj ri hqwuhsuhqhxuldo dfwlylw|

Wkh deryh prgho kdv hvwdeolvkhg dq lqwlpdwh olqn ehwzhhq lqwhujhqhudwlrqdo

uhglvwulexwlrq dqg �qdqfldo h!flhqf|1 Rqh pd| zrqghu zkhwkhu wklv uhvxow lv

urexvw/ dqg lq sduwlfxodu zkhwkhu lw lv qrw gxh wr wkh vshfldo dvvxpswlrq wkdw

rqo| phpehuv ri wkh rog jhqhudwlrq fdq hqjdjh lqwr hqwuhsuhqhxuldo dfwlylw|1

Li wkh rssrvlwh dvvxpswlrq kdg ehhq pdgh/ rqo| wkh |rxqj frxog ehfrph

hqwuhsuhqhxuv dqg uhglvwulexwlrq iurp |rxqj wr rog zrxog suhvxpdeo| kdup

hqwuhsuhqhxuvkls1

Khuh zh zdqw wr dujxh wkdw wkh dvvxpswlrq zh duh pdnlqj lv uhdvrqdeoh/

ehfdxvh oltxlglw| frqvwudlqwv ohdg wr d vhoi0vhohfwlrq ri hqwuhsuhqhxuv dprqj

wkh zhdowklhvw jurxsv/ wkdw lv wkrvh zkr duh prvw olnho| wr rzq wkh sxeolf

ghew1 Li erwk wkh |rxqj dqg wkh rog fdq ehfrph hqwuhsuhqhxuv/ wkh| zloo

frpshwh iru ixqgv dqg wkrvh zlwk juhdwhu froodwhudo zloo eh deoh wr rxwelg

wkh rwkhuv1 Xqghu frqvwdqw uhwxuqv/ li wkh rog kdyh juhdwhu zhdowk wkdq wkh

|rxqj dqg li wkhuh duh hqrxjk rog hqwuhsuhqhxuv wkhq lq htxloleulxp rqo|

wkhvh zloo lqghhg hqjdjh lqwr surmhfwv1

Wr fdswxuh wklv wkh prgho frxog eh prgl�hg dv iroorzv1 D iudfwlrq w ri

wkh |rxqj fdq hqjdjh lqwr surmhfwv +lghqwlfdo wr wkh rog*v surmhfwv, ehwzhhq

|3 dqg |n� Wkh uhpdlqlqj iudfwlrq ��w fdq kdyh surmhfwv zkhq wkh| duh rog1

Khqfh/ wkhuh duh qrz wzr jurxsv ri hqwuhsuhqhxuv +|rxqj dqg rog, zkr rqo|

gl�hu e| wkhlu froodwhudo1 +4;, fdq qrz eh uhzulwwhq

� n 4�|n� ' -E�� 0�� 0� n
0�

-%E�� 0�~|n�
s�|n�c +63,

zkhuh � uhihuv wr wkh w|sh ri dq hqwuhsuhqhxu +|rxqj/ rog,/ s� lv klv vhl}deoh

froodwhudo/ dqg 4�|n� lv wkh pd{lpxp udwh ri uhwxuq wkdw wklv w|sh ri eruurzhu

fdq r�hu wr ohqghuv1 Zh dvvxph wkdw oderu lqfrph lv qrw froodwhul}deoh/

lpso|lqj srog : s|rxqj ' f� Khqfh 4rog : 4|rxqj� Wkhq wkh htxloleulxp udwh
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ri uhwxuq lv ghwhuplqhg e| +63, dssolhg wr wkh pdujlqdo jurxs ri eruurzhuv1

Wzr fdvhv vkrxog wkhq eh glvwlqjxlvkhg=

41 Li %E�� w� � �c wkhq rog hqwuhsuhqhxuv fdq srwhqwldoo| h{kdxvw doo wkh

hqgrzphqw ri jrrg 51 Lq wkdw fdvh wkh| duh wkh pdujlqdo jurxs dqg |rxqj

hqwuhsuhqhxuv duh ehwwhu0r� qrw xqghuwdnlqj d surmhfw ehfdxvh lwv h{shfwhg

qhw uhwxuq lv orzhu wkdq wkh htxloleulxp udwh ri uhwxuq1 Wklv fdvh ydolgdwhv

rxu dvvxpswlrq wkdw rqo| wkh rog xqghuwdnh surmhfwv1 Wkh vroxwlrq ri wkh

prgho lv h{dfwo| wkh vdph dv ghulyhg deryh1

51 Li %E� � w� 	 �c wkhq wkh pdujlqdo jurxs ri eruurzhuv lv wkh |rxqj/

dqg rog hqwuhsuhqhxuv hduq vwulfwo| srvlwlyh uhqwv rq wkhlu surmhfwv1 Wkh

udwh ri uhwxuq lv frqvwdqw dqg htxdo wr -E� � 0� � 0�� +49, wkhq lpsolhv

wkdw wkh prqlwrulqj suredelolw| lv htxdo wr 4 iru wkh |rxqj dqg Z|n� ' � �
�

-E�30�30�

k
`|n�3A�|n�

%~|n�

l
iru wkh rog1 Sxeolf ghew djdlq lqfuhdvhv wkh rog*v zhdowk

dqg uhgxfhv wkh uhvrxufhv vshqw rq prqlwrulqj1

Wr vxppdul}h/ zkloh zh dvvxph dq h{rjhqrxv djh ri hqwuhsuhqhxuldo df0

wlylw|/ wkh yhu| h{lvwhqfh ri �qdqfldo lpshuihfwlrqv lv olnho| wr jhqhudwh vxfk

wlplqj hqgrjhqrxvo|/ vr wkdw rxu uhvxowv duh urexvw wr doorzlqj erwk wkh

|rxqj dqg wkh rog wr hqjdjh lqwr surmhfwv1

9 Hpslulfdo hylghqfh

Zh qrz wxuq wr wkh hpslulfdo hylghqfh1 Wkh deryh dqdo|vlv vxjjhvwv d vlpsoh

zd| ri whvwlqj wkh prgho1 Lw suhglfwv wkdw frqwuroolqj iru wkh fdslwdo vwrfn

rxwsxw vkrxog eh kljkhu zkhq qdwlrqdo sulydwh zhdowk lv kljkhu1 Zh wkhuhiruh

dlp dw hvwlpdwlqj d uhgxfhg irup surgxfwlrq ixqfwlrq ri wkh iroorzlqj w|sh=

t| ' �|
�gk
| u

�3k
| c +64,
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zkhuh u lv hpsor|phqw/ t rxwsxw/ dqg �g lv wrwdo �h!flhqw� fdslwdo/ wkdw lv

wkh wrwdo h�hfw ri fdslwdo rq rxwsxw wdnlqj lqwr dffrxqw +dv lq 53, wkdw sduw

ri lw lv zdvwhg lq lqwhuphgldwlrq frvwv dqg wkdw wklv sduw ghshqgv rq sulydwh

zhdowk ehfdxvh ri froodwhudo h�hfwv=

�g| ' @g| n K dg| n w(|o c

zkhuh g| lv sk|vlfdo fdslwdo dqg g| n w(| wrwdo zhdowk1 w lv wkh sduw ri

qdwlrqdo ghew frqvlghuhg dv qhw zhdowk e| wkh sulydwh vhfwru1 Xqghu w ' f

Ulfdugldq htxlydohqfh krogv/ zkloh xqghu w ' � wkh ghew lv h{shfwhg wr eh

hqwluho| uhlpexuvhg e| ixwxuh jhqhudwlrqv1 Wkh frh!flhqw K lv d phdvxuh ri

wkh lpsdfw ri froodwhudo rq wkh h!flhqf| ri lqyhvwphqw/ lw lv wkhuhiruh uhodwhg

wr wkh frvw ri prqlwrulqj1

Qrwh wkdw prqlwrulqj frvwv pd| kdyh d pruh jhqhudo vshfl�fdwlrq wkdq

lq wkh prgho dqg wkdw wkh| pd| lqyroyh oderu dv zhoo dv fdslwdo uhvrxufhv1

Gl�huhqwldwlqj htxdwlrq +64, zh �qg=

�t *t ' ��*�n k
E@n K� �g| n Kw �(|

@g| n K dg| n w(|o
n E�� k� �u*u

� @f n @� �g|*g| n @2 �u|*u| n @� �(|*g| +65,

n@e(|*g| � �g|*g| n @D(|*g| � �(|*g|

Htxdwlrq +65, zloo irup wkh edvlv ri rxu hpslulfdo vshfl�fdwlrq1 Zh kdyh=

@� ' k

@2 ' �� k

@� '
kwK

@ n K

@e ' � kwK

@n K

@D ' � kwK2

E@n K�2

58



Wkhuhiruh/ rxu hpslulfdo vwudwhj| lv wr whvw iru d juhdwhu rxwsxw ohyho/

frqwuroolqj iru lqsxwv/ zkhq ghew +pruh jhqhudoo| sulydwh zhdowk, lv kljkhu1

Wkh huuru whup lv lqwhusuhwhg dv vkrfnv wr wrwdo idfwru surgxfwlylw| jurzwk1

Wkh htxdwlrq zdv hvwlpdwhg rq d sdqho ri RHFG frxqwulhv zkhuh �{hg

dqg wlph h�hfwv zhuh lqfoxghg143

Wkh hvwlpdwlrq zdv fduulhg rxw lq erwk ROV dqg Lqvwuxphqwdo yduldeohv/

ehfdxvh wkh frxqwhu0f|folfdo ehkdylrxu ri sxeolf ghew lv olnho| wr jhqhudwh d

grzqzdug eldv lq wkh hvwlpdwlrq ri @�� Odjv zhuh xvhg dv lqvwuxphqwv1

Wkh uhvxowv duh uhsruwhg lq wdeoh 41

Rxu pdlq txhvwlrq ri lqwhuhvw lv zkhwkhu @� lv srvlwlyh1 Dv lv fohdu iurp

wdeoh 4/ @� lv qrw vljql�fdqwo| srvlwlyh zkhq hvwlpdwhg e| ROV exw ehfrphv

vr zkhq hvwlpdwhg e| LY +qrwh dovr wkdw wkh txdgudwlf whupv/ zkhq lqfoxghg/

frph rxw zlwk wkh uljkw vljq,1 Lqghhg/ wkh h�hfw pd| orrn wrr odujh1 Wkh

lpsolhg ydoxh ri K*@ lv qr ohvv wkdq </ jlyhq wkdw w pxvw eh ohvv wkdq rqh1

Wkh vkduh ri lqwhuphgldwlrq frvwv lv

6

� n 4n6
'

0�E��`*E�g-%E�� 0���

-E�� 0�

Iru d eruurzhu zlwk qr froodwhudo wklv fdq eh uhzulwwhq dv

�

E@*K� �
�-%E�30�

n �

Zlwk d udwlr ri froodwhudo ryhu fdslwdo ri �*% ' f�D/ d 48 ( udwh ri uhwxuq rq

surmhfwv �-E� � 0� ' ���Dc wklv zrxog lpso| wkdw durxqw <3 ( ri wkh jurvv

uhwxuqv wr d surmhfw duh glvvlsdwhg lq prqlwrulqj frvwv/ dq xqsodxvleo| odujh

qxpehu +dowkrxjk wklv fohduo| idoov zlwk froodwhudo,1

43Wkh gdwd zhuh wkh RHFG Hfrqrplf Rxworrn gdwdedvh1
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ROV ROV LY LY
�u*u 3199 3195 319 318

+4518, +4613, +91:, +816,
�g*g 3157 31555 3148 3159

+51;5, +51;4, +417, +517,
�(*g 3135 03134 3189 315<

+314:, +03156, +51;, +51:,
(
g

�g
g

03156 03146
+03188, +0315:,

(
g

�(
g

03156 0418
+04196, +0518,

Wdeoh 4= Ghshqghqw yduldeoh= rxwsxw jurzwk

: Frqfoxvlrq

Lq wklv sdshu/ zh kdyh vkrzq wkdw e| d�hfwlqj wkh edodqfh vkhhw ri hq0

wuhsuhqhxuv/ sxeolf ghew pd| lpsuryh wkh h!flhqf| ri wkh �qdqfldo vhfwru1

Wklv h�hfw sduwo| r�vhwv lwv qhjdwlyh lpsdfw rq fdslwdo dffxpxodwlrq1 Lq0

ghhg/ li vdylqjv duh yhu| uhdfwlyh wr wkh lqwhuhvw udwh/ fdslwdo dffxpxodwlrq

pd| hyhq lqfuhdvh1

Frqyhuvho|/ gl!fxowlhv wr lvvxh ghew ehfdxvh wkh jryhuqphqw odfnv fuhg0

lelolw| uhvxow lq d orvw lq whupv ri wkh �qdqfldo vhfwru*v surgxfwlylw|1 Dq

lqwhuhvwlqj dyhqxh iru ixuwkhu uhvhdufk zrxog eh wr whvw zkhwkhu wklv phfkd0

qlvp kdv dq| uhohydqfh iru ghyhorslqj frxqwulhv1
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DSSHQGL[

Zh qrz eulh | glvfxvv wkh uroh ri wkh hqwuhsuhqhxuldo vxevlg|/ wkdw lv dq|

gl�huhqfh ehwzhhq wd{hv sdlg e| hqwuhsuhqhxuv dqg qrq hqwuhsuhqhxuv1 Ohw

xv dvvxph wkdw hqwuhsuhqhxuv sd| d wd{ A.
�| dw |c zkloh qrq0hqwuhsuhqhxuv sd|

d wd{ A�
�| � Wkh h{shfwhg frqvxpswlrq ri dq hqwuhsuhqhxu lv qrz=

.|S�|n� ' E� n o|n��E�t| � S�| � A�|� n

E�� 0�E-%~|n� � L|n�� n 0E�T|n��� A.
�|n�

Wkh htxloleulxp uhwxuq rq ordqv lv qrz=

� n 4|n� ' -E�� 0� n j|n� �6|n�c +66,

zkhuh

j|n� '
A�
�|n� � A.

�|n�

%~|n�

lv wkh hqwuhsuhqhxuldo vxevlg| wr hqwuhsuhqhxuvkls lpsolflw lq wkh wd{ v|vwhp1

Ohw A�| eh wkh rog*v dyhudjh wd{hv dw |� Zh kdyh=

A�
�| ' A�| n ?j|%~|

dqg

A.
�| ' A�| � E�� ?�j|%~|c

zkhuh A�| ' E� � ?�A�
�| n ?A.

�| � Zh vkdoo frqvlghu sxuh lqwudjhqhudwlrqdo

fkdqjhv lq jc wkdw lv krog A�| frqvwdqw1 Lw fdq eh hdvlo| vkrzq wkdw wkh

htxloleulxp udwhv ri uhwxuq dqg prqlwrulqj ohyhov duh qrz ghwhuplqhg dv

iroorzv=

� n 4|n� ' -E�� 0�� 0� n
0�

-%E�� 0�~|n�

d`|n� � A�|n�o +67,

nj|n�

�
�� 0�?

-E�� 0�

�

5;



Vxevwlwxwlqj +4;, lqwr +49, zh jhw wkh htxloleulxp ohyho ri prqlwrulqj/ ru

lqwhuphgldwlrq pdujlq=

6|n� ' 0�

�
�� `|n� � A�|n�

-%~|n�E�� 0�
n j|n�

?

-E�� 0�

�
+68,

Wkh h�hfw ri wkh hqwuhsuhqhxuldo vxevlg| lv wzrirog1 Iluvw/ dv lpsolhg

e| +66,/ duelwudjh ehwzhhq ohqglqj dqg hqwuhsuhqhxuvkls hqvxuhv wkdw wkh

hqwuhsuhqhxuldo vxevlg| lv lqgluhfwo| uhedwhg wr vdyhuv lq irup ri d kljkhu udwh

ri uhwxuq1 Krzhyhu/ rq qhw/ wklv h�hfw lv ohvv wkdq rqh iru rqh1 Wklv lv ehfdxvh/

dv rqh fdq vhh iurp +68,/ pruh lv vshqw rq prqlwrulqj1 Wklv prqlwrulqj h�hfw

lv lwvhoi wkh qhw ri wzr h�hfwv1 Hdfk groodu ri hqwuhsuhqhxuldo vxevlg| udlvhv

wkh uhtxluhg uhwxuq rq ordqv e| rqh groodu +frqwuroolqj iru prqlwrulqj frvwv,/

dqg dw wkh vdph wlph lw udlvhv froodwhudo e| ohvv wkdq d groodu/ vlqfh wrwdo wd{hv

sdlg e| hqwuhsuhqhxuv kdyh wr idoo ohvv wkdq wkh ixoo lqfuhdvh lq wkh vxevlg| lq

rughu wr pdlqwdlq wkh wd{hv sdlg e| wkdw jhqhudwlrq frqvwdqw1 Wkdw lv/ sduw

ri wkh ulvh lq wkh vxevlg| lv devruehg e| orzhu wd{hv sdlg e| hqwuhsuhqhxuv/

dqg sduw lv devruehg e| kljkhu wd{hv sdlg e| qrq0hqwuhsuhqhxuv1 Wkhuhiruh/

prqlwrulqj dfwlylw| kdv wr ulvh/ zklfk lq wxuq uhgxfhv wkh udwh ri uhwxuq rq

vdylqjv1

Wklv dqdo|vlv/ krzhyhu/ kdv ljqruhg wkh ulvh lq froodwhudo gxh wr wkh idfw

wkdw zlwk kljkhu udwhv ri uhwxuqv zhdowk `|n� lv kljkhu1 Wr uhlqwurgxfh wkdw

h�hfw lqwr wkh dqdo|vlv/ qrwh wkdw xvlqj +46, +67, fdq eh uhzulwwhq dv=

� n 4|n� � j|n�

' E�� 0�-� 0� n
0�

-%E�� 0�

�
E� n 4|n���Eg| n(|�� A�|n�

�g|

� j|n�

�

Wklv irupxod lpsolhv wkdw lq wkh devhqfh ri sxeolf ghew/ wkh hqwuhsuhqhxuldo

vxevlg| kdv qr h�hfw rq wkh h!flhqf| ri fdslwdo +vlqfh � n 4|n� � j|n� zklfk

grhv qrw ghshqg rq j|n��1 Wklv lv ehfdxvh wkh wrwdo ulvh lq froodwhudo wkdw lw

wuljjhuv h{dfwo| r�vhwv wkh lqfuhdvhg lq uhtxluhg uhsd|phqw1
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Wkh lqwxlwlrq lv dv iroorzv= frqvlghu d wudqvihu iurp �vdyhuv� +zkr lqfoxgh

dovr hqwuhsuhqhxuv vlqfh wkh| fdqqrw xvh wkhlu hqgrzphqw ri jrrg 5 wr ixqg

wkhlu rzq surmhfw, wr hqwuhsuhqhxuv1 Duelwudjh ehwzhhq wkh wzr dfwlylwlhv

uhtxluhv wkdw udwhv ri uhwxuq ulvh vr wkdw lq htxloleulxp wklv wudqvihu lv uhedwhg

wr vdyhuv1 Jlyhq wkdw hqwuhsuhqhxuv duh d iudfwlrq ? ri wkh srsxodwlrq/ wklv

udwh ri uhwxuq lqfuhdvh wuljjhuv dq lqfuhdvh lq wkhlu wrwdo froodwhudo htxdo wr d

iudfwlrq ? ri wkh wudqvihu1 Wkh| shufhlyh doo wkh wudqvihuv exw dv vdyhuv/ wkh|

wrjhwkhu sd| dovr d iudfwlrq ? ri wkh wudqvihu/ vr wkdw wkh gluhfw lqfuhdvh lq

wkhlu froodwhudo gxh wr wkh wudqvihu lv htxdo wr d iudfwlrq ��? ri wkh wudqvihu1

Frqvhtxhqwo|/ wkhlu wrwdo lqfuhdvh lq froodwhudo lv suhflvho| htxdo wr wkh wrwdo

lqfuhdvh lq wkhlu h{shfwhg uhsd|phqw> khqfh prqlwrulqj dfwlylw| lv xqfkdqjhg

dqg vr lv wkh h!flhqf| ri fdslwdo1

Zlwk d srvlwlyh ohyho ri sxeolf ghew/ wkh hqwuhsuhqhxuldo vxevlg| lqfuhdvhv

wkh h!flhqf| ri fdslwdo1 Wklv lv ehfdxvh wkh wrwdo ulvh lq froodwhudo lv juhdwhu

wkdq wkh lqfuhdvh lq uhtxluhg uhsd|phqw1

Zkhq sxeolf ghew lv srvlwlyh/ wkh ulvh lq wkh htxloleulxp udwh ri uhwxuq

lqfuhdvhv wkh zhdowk ri wkh fxuuhqw jhqhudwlrq ri vdyhuv e| pruh wkdq wkh

wudqvihu1 Wklv lv gxh wr wkh kroglqj ri ghew/ l1h1 fodlpv rq wkh qh{w jhqhud0

wlrq/ e| wkdw jhqhudwlrq1 Wklv ghew lv lqiudpdujlqdo lq wkh vhqvh wkdw lw grhv

qrw lqwhuyhqh lq wkh duelwudjh frqglwlrq ehwzhhq vdylqj dqg hqwuhsuhqhxu0

vkls/ exw lwv ydoxh dw | n � ulvhv zkhq udwhv ri uhwxuq ulvh1 Wkhuhiruh/ wkh

hqwuhsuhqhxuldo vxevlg| d�hfwv �qdqfldo h!flhqf| rqo| ehfdxvh lwv zhdowk

h�hfw rq ghew lpsolhv dq lqwhujhqhudwlrqdo uhglvwulexwlrq1
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Figure 2
Equilibrium determination
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Figure 3
Impact of an increase in public debt
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Figure 5
long-run growth
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Figure 6
Growth effects of a change in debt/gdp ratio
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Figure 7
multiple growth paths


