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Devwudfw

Wkh h�hfwv ri �vfdo srolf| duh dqdo|}hg lq d wzr0vhfwru hqgrjhqrxv

jurzwk prgho zlwk ryhuodsslqj0jhqhudwlrqv1 Iluvwo|/ lw lv vkrzq wkdw

orqj0uxq jurzwk/ dqg wkxv xwlolw| ri ixwxuh jhqhudwlrqv/ fdq eh vwlpx0

odwhg e| d �dw wd{ rq fdslwdo lqfrph dv zhoo dv e| d �dw wd{ rq oderu

lqfrph ru d vxevlg| rq kxpdq fdslwdo 1 Vhfrqgo|/ lw lv vkrzq wkdw d

wd{ rq fdslwdo lqfrph kdupv doo h{lvwlqj jhqhudwlrqv/ zkloh wd{lqj oderu

lqfrph ru vxevlgl}lqj kxpdq fdslwdo pd| eh d Sduhwr lpsuryhphqw1

Ilqdoo|/ lw lv vkrzq wkdw wd{hv rq fdslwdo dqg oderu duh qrw xvhg lq

dq rswlpdo srolf|/ exw wkdw d vxevlg| rq kxpdq fdslwdo lv d qhfhvvdu|

lqvwuxphqw wr uhdol}h wkh �uvw0ehvw rxwfrph lq d pdunhw hfrqrp|1

MHO frghv= G95/ G<4/ H95/ K54/ K56/ K64/ L5;

Nh|zrugv= wd{hv/ jurzwk/ zhoiduh/ ryhuodsslqj jhqhudwlrqv

D1F1 Phlmgdp

Wloexuj Xqlyhuvlw|

SR Er{ <3486

8333OH Wloexuj

Wkh Qhwkhuodqgv

Skrqh= .640460799056;8

Id{=.64046079906375

Hpdlo= D1F1PhlmgdpCnxe1qo

W
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Wkhuh lv d ydvw olwhudwxuh rq wkh h�hfwv ri �vfdo srolf| lq Udpvh|0prghov/
l1h1 prghov zlwk dq lq�qlwho| orqj0olyhg g|qdvw| dv wkh ghflvlrq pdnlqj

xqlw1 Wkh jhqhudo frqfoxvlrq iurp wklv olwhudwxuh lv wkdw glvwruwlrqdu| wd{hv
duh edg iru jurzwk dqg zhoiduh +vhh h1j1 Vwrnh| dqg Uhehor +4<<8,/ Plohvl

Ihuuhwwl dqg Urxelql +4<<9,,1 Wkh qxpehu ri sdshuv rq wkh frqvhtxhqfhv ri
wd{hv lq ryhuodsslqj0jhqhudwlrqv +ROJ, prghov lv pxfk vpdoohu1 Krzhyhu/

wkh vfdufh olwhudwxuh rq wklv vxemhfw vxjjhvwv wkdw wkh h�hfwv ri wd{dwlrq lq
wklv nlqg ri prghov pd| eh uhpdundeo| gl�huhqw iurp wkrvh lq d Udpvh|0
prgho1 Iru h{dpsoh/ Xkolj dqg \dqdjdzd +4<<9, dqg Ehuwrod +4<<9, vkrz

wkdw lq d rqh0vhfwru jurzwk prgho zlwk ROJ/ jurzwk pd| eh vwlpxodwhg
udwkhu wkdq vorzhg grzq e| d wd{ rq fdslwdo lqfrph1 Wkh dujxphqw lv wkdw

lq vxfk d prgho �qdqfldo zhdowk ulvhv zlwk djh/ vr wkdw d wd{ rq fdslwdo
lqfrph wkdw lv uhixqghg oxps vxp lpsolhv d +ixwxuh, wudqvihu iurp wkh rog

wr wkh |rxqj1 Wklv lqfuhdvhv vdylqjv dqg wkxv orqj0uxq jurzwk1 Wklv sdshu
lv dlphg wr h{whqg wkh sduvlprqlrxv nqrzohgjh ri wkh h�hfwv ri wd{dwlrq rq

jurzwk dqg zhoiduh lq ROJ0prghov1
Lq sduwlfxodu/ lq wklv sdshu zh dqdo|}h wkh frqvhtxhqfhv ri d wd{ rq

fdslwdo lqfrph/ d wd{ rq oderu lqfrph dqg d vxevlg| rq kxpdq fdslwdo lq d
wzr0vhfwru jurzwk prgho zklfk lv d v|qwkhvlv ri wkh Eodqfkdug0\ddul ROJ0
prgho +Eodqfkdug +4<;8,, dqg wkh Oxfdv0X}dzd prgho ri hqgrjhqrxv jurzwk

+Oxfdv +4<;;,,1 Wkh prgho lv suhvhqwhg lq Vhfwlrq 51 Lqglylgxdov doorfdwh

wlph hlwkhu wr zrunlqj/ wr ohduqlqj/ ru wr ohlvxuh1 Ohlvxuh wdnhv wkh irup
ri ctxdolw| wlph* +krxuv frpelqhg zlwk kxpdq fdslwdo/ vhh Ehfnhu/ +4<98,,1

Wklv lpsolhv wkdw d eurdg lqwhusuhwdwlrq fdq eh jlyhq wr lw1 Wkdw lv/ ohlvxuh
fdq dovr eh wkrxjkw ri dv krph surgxfwlrq ru surgxfwlrq lq wkh lqirupdo

vhfwru1 Pruhryhu/ wklv zd| ri prghoolqj doorzv iru hodvwlflwlhv ri vxevwlwxwlrq
ehwzhhq frqvxpswlrq dqg ohlvxuh qrw htxdo wr rqh1 Lw lv dvvxphg wkdw qhz0

eruq jhqhudwlrqv vwduw zlwk d ohyho ri kxpdq fdslwdo sursruwlrqdo wr wkh

dyhudjh ohyho ri kxpdq fdslwdo lq wkh hfrqrp| dw wkh wlph ri wkhlu eluwk dqg

dffxpxodwh kxpdq fdslwdo wkurxjk ohduqlqj1 Dv lq wkh Oxfdv0prgho/ wkhuh
lv qr sk|vlfdo fdslwdo lqyroyhg lq wklv dffxpxodwlrq surfhvv1

Wkh sdshu pdnhv d qxpehu ri frqwulexwlrqv wr wkh olwhudwxuh1 Iluvwo|/

lq Vhfwlrq 6 zh dqdo|}h wkh h�hfwv ri �vfdo srolf| rq orqj0uxq jurzwk1 Lq
wklv vhfwlrq zh jhqhudol}h wkh uhvxow ri Ehuwrod +4<<9, wr d wzr0vhfwru jurzwk

prgho zkhuh kxpdq fdslwdo lv wkh hqjlqh ri jurzwk dqg oderu vxsso| lv hq0

grjhqrxv1 Wkdw lv/ zh vkrz wkdw dq lqfuhdvh lq wkh wd{ rq fdslwdo lqfrph
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udlvhv orqj0uxq jurzwk1 Pruhryhu/ zh ghprqvwudwh wkdw d wd{ rq oderu lq0

frph pd| kdyh wkh vdph h�hfw1 Wklv uhvxow wkdw d wd{ rq oderu lqfrph pd|
vwlpxodwh orqj0uxq jurzwk lv uhpdundeo| gl�huhqw iurp frqyhqwlrqdo hfr0

qrplf zlvgrp1 Lq jhqhudo/ lq d Udpvh| prgho zkhuh erwk sk|vlfdo fdslwdo
dqg kxpdq fdslwdo duh uhsurgxfleoh idfwruv/ d wd{ rq oderu lqfrph uhgxfhv

orqj0uxq jurzwk +vhh h1j1 Shfrulqr +4<<6,/ Vwrnh| dqg Uhehor +4<<8,/ Plohvl
Ihuuhwwl dqg Urxelql +4<<9,,1 Lq wkh g|qdvwlf yhuvlrqv ri wkh Oxfdv0prgho

ri hqgrjhqrxv jurzwk irxqg lq wkh olwhudwxuh +Oxfdv +4<;;/ 4<<3,/ Fkdpoh|/
+4<<6,,/ frqvwdqw sursruwlrqdo wd{hv rq oderu lqfrph gr qrw d�hfw orqj0uxq
jurzwk krzhyhu1 Li oderu vxsso| lv h{rjhqrxv/ wklv uhvxow fduulhv ryhu wr wkh

ROJ0yhuvlrq ri wklv prgho suhvhqwhg khuh1 Exw wklv lv qrw wuxh dq|pruh
li wkh vxsso| ri oderu wr wkh pdunhw lv hqgrjhqrxv1 Lq wkdw fdvh/ jurzwk

ulvhv li wkh wd{ rq zdjh lqfrph kdv vwurqj vxevwlwxwlrq h�hfwv vr wkdw ohlvxuh
ulvhv vkduso| dqg frqvxpswlrq ri jrrgv ghfuhdvhv/ ru/ lq rwkhu zrugv/ li wkh

zdjh wd{ fdxvhv d vwurqj vkliw iurp wkh irupdo wr wkh lqirupdo vhfwru1 Wkhq
wkhuh zloo eh d vkliw lq wkh frpsrvlwlrq ri zhdowk iurp dvvhwv wkdw duh phuho|

surgxfwlyh lq wkh irupdo vhfwru +�qdqfldo zhdowk, wr dvvhwv wkdw duh dovr sur0
gxfwlyh lq wkh lqirupdo vhfwru +kxpdq zhdowk,1 Jlyhq wkh ROJ0vwuxfwxuh

xvhg/ wklv fkdqjh lq wkh frpsrvlwlrq ri zhdowk lqfuhdvhv jurzwk1 Ilqdoo|/
zh vkrz lq wklv vhfwlrq wkdw d vxevlg| rq +lqyhvwphqw lq, kxpdq fdslwdo
vwlpxodwhv jurzwk1

Vhfrqgo|/ lq Vhfwlrq 7 ri wkh sdshu zh vwxg| wkh zhoiduh h�hfwv ri fkdqjhv
lq wd{hv1 Ehfdxvh ri wkh ROJ0vwuxfwxuh ri wkh prgho lw lv qrw vx�flhqw iru

wklv sxusrvh wr orrn dw wkh h�hfwv rq orqj0uxq jurzwk1 Wkh h�hfw ri fkdqjhv
lq wd{hv rq wkh zhoiduh ri wkh gl�huhqw jhqhudwlrqv gxulqj wkh shulrg ri wudq0

vlwlrq wr wkh qhz edodqfhg0jurzwk sdwk vkrxog dovr eh wdnhq lqwr dffrxqw1
Wklv lv grqh xvlqj qxphulfdo vlpxodwlrq h{shulphqwv1 Wkhvh h{shulphqwv

ohduq wkdw dq lqfuhdvh lq wkh wd{ rq fdslwdo lqfrph kdupv prvw jhqhud0
wlrqv1 Rqo| jhqhudwlrqv eruq lq wkh glvwdqw ixwxuh vhh wkhlu zhoiduh lqfuhdvh1

Wkhuhiruh/ lq d gluhfw ghprfudf| zkhuh wkh fxuuhqwo| olylqj jhqhudwlrqv yrwh
rq wkh wd{ ohyho/ vxfk d wd{ lqfuhdvh zloo qrw eh dffhswhg1 Wkdw lv/ vxfk d
ghprfudf| zloo qrw pd{lpl}h jurzwk1 Lq frqwudvw/ wkh rxwfrph ri d yrwh rq

d sursrvdo wr lqfuhdvh wkh wd{ rq oderu lqfrph lv dpeljxrxv1 Wkh uhdvrq iru
wklv lv wkdw rog jhqhudwlrqv jdlq zkloh |rxqj jhqhudwlrqv pd| orvh1 Krzhyhu/

d wd{ rq oderu lqfrph pd| dovr lqfuhdvh zhoiduh ri doo jhqhudwlrqv/ l1h1 lw pd|
eh d Sduhwr lpsuryhphqw1 Wkh vdph lv wuxh iru d vxevlg| rq kxpdq fdslwdo1

Wkh uhdvrq iru wklv lv wkdw ixwxuh jhqhudwlrqv* lqlwldo ohyho ri kxpdq fdslwdo
lv ghwhuplqhg e| wkh dyhudjh ohyho ri kxpdq fdslwdo dw wkh wlph wkh| duh

eruq1 Wklv lqwurgxfhv dq h{whuqdolw| lq wkh prgho= wkh dffxpxodwlrq ri kx0
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pdq fdslwdo kdv d vrfldo dvshfw wkdw lv qrw wdnhq lqwr dffrxqw e| lqglylgxdov

zkhq wkh| ghflgh krz pxfk wlph wr ghyrwh wr ohduqlqj1 Wkhuhiruh/ zlwkrxw
jryhuqphqw lqwhuyhqwlrq/ wkh pdunhw rxwfrph lv vxerswlpdo dv jurzwk lv wrr

orz1
Wklugo|/ diwhu wklv srvlwlyh dqdo|vlv/ lq Vhfwlrq 8 zh dgguhvv wkh qru0

pdwlyh txhvwlrq zkhwkhu lw lv rswlpdo iru wkh jryhuqphqw wr xvh wd{hv rq
fdslwdo dqg2ru oderu lqfrph1 Dq rswlpdo srolf| lv ghulyhg e| pd{lpl}lqj d

vrfldo zhoiduh ixqfwlrq dv lqwurgxfhg e| Fdoyr dqg Revwihog +4<;;,1 Wkdw
lv/ wkh jryhuqphqw lv dvvxphg wr pd{lpl}h wkh zhljkwhg vxp ri olihwlph h{0
shfwhg xwlolw| ri ixwxuh jhqhudwlrqv dqg wkh h{shfwhg xwlolw| ryhu wkh uhvw ri

wkhlu olihwlph ri wkrvh frkruwv fxuuhqwo| dolyh1 Lw lv vkrzq wkdw/ hyhq wkrxjk
erwk wd{hv pd| lqfuhdvh jurzwk/ qhlwkhu d wd{ rq oderu lqfrph qru d wd{ rq

fdslwdo lqfrph lv xvhg lq dq rswlpdo srolf|/ surylghg wkdw wkh jryhuqphqw lv
deoh wr ohy| wlph0ghshqghqw dqg djh0ghshqghqw oxps0vxp wd{hv1 Pruhryhu/

zh surri wkdw d vxevlg| rq +lqyhvwphqw lq, kxpdq fdslwdo lv d qhfhvvdu|
lqvwuxphqw lq rughu wr eh deoh wr uhdfk wkh �uvw0ehvw rxwfrph lq d pdunhw

hfrqrp|1 Ilqdoo|/ wkh sdshu zlqgv xs zlwk vrph frqfoxglqj uhpdunv1

2 A�i 4L_i*

6�h4t

Surgxfwlrq lv ghvfulehg e| d vwdqgdug qhr0fodvvlfdo surgxfwlrq ixqfwlrq I

zklfk lv dvvxphg wr eh olqhduo| krprjhqhrxv lq wkh idfwruv ri surgxfwlrq

fdslwdo n dqg oderu +lq h�flhqf| xqlwv, o1 Gh�qh c �
,

&
dqg i+c, �

8 E&c,�
&

1

Wkhq wkh uhsuhvhqwdwlyh �up*v rswlpl}dwlrq sureohp fdq eh vxppdul}hg e|

wkh �uvw0rughu frqglwlrqv�=

i�+c+w,, @ z+w,> +4,

+4� �&,^i+c+w,,� c+w,z+w,` @ u+w,> +5,

zkhuh u lv wkh lqwhuhvw udwh/ z vwdqgv iru wkh uhdo zdjh udwh shu oderu h�0

flhqf| xqlw dqg �
&
ghqrwhv wkh wd{ udwh rq fdslwdo lqfrph1

2
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D vwdqgdug Eodqfkdug0\ddul0prgho zlwk d frqvwdqw srsxodwlrq vl}h qrupdo0

l}hg wr rqh lv xvhg/ l1h1 wkh eluwk udwh htxdov wkh suredelolw| ri ghdwk +�,1�

Hdfk frqvxphu pd{lpl}hv h{shfwhg olihwlph xwlolw| X / zklfk htxdov wkh �rz

ri lqvwdqwdqhrxv xwlolwlhv glvfrxqwhg dw wkh udwh ri wlph suhihuhqfh � soxv wkh
suredelolw| ri ghdwk1 Kh frqwudfwv wr kdyh doo ri klv �qdqfldo zhdowk jr wr
dq lqvxudqfh frpsdq| frqwlqjhqw rq klv ghdwk1 Lq h{fkdqjh wkh lqvxudqfh

frpsdq| zloo sd| d suhplxp �n shu xqlw ri wlph1 Dw hdfk srlqw lq wlph
d frqvxphu kdv rqh xqlw ri wlph dydlodeoh zklfk lv xvhg hlwkhu iru zrunlqj

+os ,/ iru ohduqlqj +o�, ru iru ohlvxuh1 Oderu surgxfwlylw| lv phdvxuhg e| wkh

h�flhqf| lqgh{ k zklfk zloo eh fdoohg kxpdq fdslwdo1 Ohduqlqj ohdgv wr

dq lqfuhdvh lq kxpdq fdslwdo1 Wkh ohduqlqj whfkqrorj| lv fkdudfwhul}hg e|

frqvwdqw uhwxuqv wr vfdoh=e

bk+w> v, @ !+o�,k+w> v, !� A 3> !��
� 3= +6,

Lq rughu wr doorz iru hqgrjhqrxv jurzwk/ wkh vwrfn ri kxpdq fdslwdo dw wkh
wlph ri eluwk vkrxog eh srvlwlyh1 Pruhryhu/ lw vkrxog qrw eh frqvwdqw ryhu

wlph1 D edodqfhg jurzwk sdwk rqo| h{lvwv li wkh lqlwldo vwrfn ri kxpdq fdslwdo
ri vxevhtxhqw jhqhudwlrqv jurzv dw wkh vdph udwh dv wkh hfrqrp|1 Khuh zh

uhdol}h wklv lv e| dvvxplqj wkdw kxpdq fdslwdo ri d qhz0eruq jhqhudwlrq lv
sursruwlrqdo wr dyhudjh kxpdq fdslwdo/ l1h1 k+w> w, @ "k+w,1 Wkh lghd lv wkdw

d qhz eruq jhqhudwlrq vwduwv zlwk d kljkhu ohyho ri kxpdq fdslwdo +dqg lv
wkhuhiruh deoh wr dffxpxodwh kxpdq fdslwdo idvwhu, wkdq suhylrxv jhqhudwlrqv
dw wkhlu wlph ri eluwk ehfdxvh lw fdq exlog rq wkh nqrzohgjh jdwkhuhg e| wkhvh

jhqhudwlrqv1 Wklv vrfldo dvshfw ri kxpdq fdslwdo lv qrw wdnhq lqwr dffrxqw e|
lqglylgxdov zkhq wkh| ghflgh krz pxfk wlph wr ghyrwh wr ohduqlqj/ krzhyhu1

Vr/ d srvlwlyh h{whuqdolw| lv dvvrfldwhg wr wkh dffxpxodwlrq ri kxpdq fdslwdo1
Lw lv dvvxphg wkdw xwlolw| lq shulrg w lv d FHV0ixqfwlrq ri frqvxpswlrq

+f, dqg ohlvxuh +}, zlwk dq hodvwlflw| ri vxevwlwxwlrq �1 Ohlvxuh wdnhv wkh irup
ri ctxdolw| wlph*/ l1h1 lw lv gh�qhg dv }+w> v, @ ^4�o�+w> v,�os +w> v,`k+w> v, Wklv

zd| ri prghoolqj/ zklfk zdv lqwurgxfhg e| Ehfnhu +4<98,/ lv xvhg khuh lq

rughu wr eh deoh wr doorz iru hodvwlflwlhv ri vxevwlwxwlrq ehwzhhq frqvxpswlrq

�6Lh |�i _ih��@|�L?t Lu |�i i^�@|�L?t �? |��t tiU|�L? tii �TTi?_� �� �**L��?} uLh
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dqg ohlvxuh qrw htxdo wr rqh1 Zkhq ohlvxuh lv qrw vfdohg e| wkh h�flhqf|

lqgh{/ wklv lv qrw frpsdwleoh zlwk edodqfhg jurzwk1
D

Pruhryhu/ lw lpsolhv

wkdw d eurdg lqwhusuhwdwlrq fdq eh jlyhq wr ohlvxuh wlph1 Rqh frxog dovr

wklqn ri lw dv wlph vshqw lq krph surgxfwlrq ru lq wkh lqirupdo vhfwru1 Lq

wklv lqwhusuhwdwlrq lw vhhpv orjlfdo wr dvvxph wkdw wkh surgxfwlylw| ri ohlvxuh

wlph ulvhv zkhq kxpdq fdslwdo jurzv1

Kxpdq zhdowk +m, lv gh�qhg dv wkh ydoxh ri kxpdq fdslwdo lq whupv ri

frqvxpswlrq jrrgv/ l1h1 m+w> v, @ t+w> v,k+w> v, zkhuh t lv wkh dyhudjh ydoxh

ri kxpdq fdslwdo1 Wrwdo zhdowk +y, lv wkh vxp ri kxpdq zhdowk/ �qdqfldo

zhdowk +n, dqg wkh suhvhqw ydoxh ri oxps0vxp wudqvihuv iurp wkh jryhuqphqw

+j, dqg hyroyhv dffruglqj wr d vwdqgdug Hxohu htxdwlrq=

by+w> v, @ ^u+w,� �`y+w> v,> +7,

zkloh wrwdo vshqglqj rq frqvxpswlrq dqg ohlvxuh lv d frqvwdqw iudfwlrq ri

wrwdo zhdowk=

f+w> v, .z
?

+w,}+w> v, @ ^�. �`y+w> v,= +8,

Wrwdo frqvxpswlrq vshqglqj lv doorfdwhg wr frqvxpswlrq ri jrrgv dqg ohlvxuh

dffruglqj wr=

z?

+w,}+w> v, @ �+w,f+w> v,> +9,

zkhuh z?
lv wkh qhw zdjh udwh dqg �+w, � z

?+w,�3j+�3k
k

,3j1 Qrwlfh wkdw li
� @ 4 wkh FHV0xwlolw| ixqfwlrq erlov grzq wr d Free0Grxjodv ixqfwlrq dqg

htv1 +8, dqg +9, jlyh wkh zhoo0nqrzq uhvxow wkdw frqvxpswlrq ri jrrgv lv d

frqvwdqw iudfwlrq ri zhdowk1 Qrwlfh ixuwkhu wkdw � @ � @ 3 jlyhv wkh vshfldo

fdvh ri h{rjhqrxv oderu vxsso|1

Xvlqj �uvw0rughu frqglwlrqv +8, dqg +9,dqg wkh htxloleulxp frqglwlrq iru

wkh jrrgv pdunhw/ wkh iroorzlqj h{suhvvlrq iru wkh jurzwk udwh ri dyhudjh

�qdqfldo zhdowk +�&+w, �
�&E|�

&E|�
, fdq eh ghulyhg=

�&+w, @ i+c+w,,�
�. �

+4 . �+w,,N+w,
> +:,

zkhuh N+w, � &E|�
�E|� lv wkh dyhudjh vkduh ri �qdqfldo zhdowk lq wrwdo zhdowk1

Dv doo lqglylgxdov idfh wkh vdph ohduqlqj ixqfwlrq/ wkh| zloo doo ohduq wkh

vdph qxpehu ri krxuv1 Frqvhtxhqwo|/ wkh jurzwk udwh ri kxpdq fdslwdo lv

D5ii k�?}c �*Lttih @?_ +iMi*L E�bHH� Lh �@hhL @?_ 5@*@����@h|�?c E�bbDc �TTi?_� 
b���
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htxdo iru doo lqglylgxdov/ qdpho| !+o�+w,,1 Krzhyhu/ li " 9@ 4 wklv lqglylgxdo
jurzwk udwh gl�huv iurp wkh jurzwk udwh ri dyhudjh kxpdq zhdowk +�

�
+w, �

��E|�

�E|�
, zklfk lv jlyhq e|=

��+w, @ !+o�+w,,� �+4� ",= +;,

Wkh uhdvrq iru wklv lv wkdw li " 9@ 4 qhz0eruq jhqhudwlrqv kdyh d ohyho ri

kxpdq fdslwdo wkdw lv gl�huhqw iurp wkh dyhudjh ohyho ri kxpdq fdslwdo ri

wkrvh zkr glh1

Wkh jurzwk udwh ri dyhudjh wrwdo zhdowk +��
�

��E|�

�E|�
, lv ghvfulehg e|=

�
� @ u+w,� �� � . �

y+w> w,

y+w,
= +<,

Dv wudqvihuv duh lqghshqghqw ri djhS/ wklv fdq eh uhzulwwhq dv=

�
�
@ u+w,� �� �N+w,� �+4� ",M+w,> +43,

zkhuh M+w, � �E|�
�E|� ghqrwhv wkh dyhudjh vkduh ri kxpdq zhdowk lq wrwdo zhdowk1

Khuh zh vhh wkdw wkh jurzwk udwh ri dyhudjh wrwdo zhdowk gl�huv iurp wkh

jurzwk udwh ri lqglylgxdo zhdowk +u+w,� �, dqg ghshqgv rq wkh frpsrvlwlrq

ri zhdowk1 Rqh uhdvrq iru wklv lv wkdw dw hdfk srlqw lq wlph d sduw � ri wkh

srsxodwlrq glhv dqg lv uhsodfhg e| qhz jhqhudwlrqv wkdw vwduw zlwkrxw �qdq0

fldo zhdowk1 Vr/ lq frqwudvw wr kxpdq zhdowk ru wudqvihu zhdowk/ �qdqfldo

zhdowk ri wkrvh zkr glh lv qrw sdvvhg rq wr qhz jhqhudwlrqv1 Wkhuhiruh/ dv

lq wkh Eodqfkdug0\ddul prgho/ wkh odujhu wkh vkduh ri �qdqfldo zhdowk/ wkh

orzhu wkh jurzwk udwh1 Lq wkh prgho suhvhqwhg khuh wkhuh pd| eh dq dggl0

wlrqdo vrxufh iru d gl�huhqfh ehwzhhq dyhudjh jurzwk dqg lqglylgxdo jurzwk1

Li " ? 4 +A 4,/ qhz jhqhudwlrqv vwduw zlwk d ohyho ri kxpdq fdslwdo ehorz

+deryh, dyhudjh1 Wkhuhiruh lq wkdw fdvh/ wkh jurzwk udwh ri dyhudjh kxpdq

zhdowk lv vpdoohu +odujhu, wkdq wkh lqglylgxdo jurzwk udwh1 Frqvhtxhqwo|/

wkh odujhu wkh vkduh ri kxpdq zhdowk/ wkh odujhu wkh gl�huhqfh ehwzhhq wkh

jurzwk udwh ri dyhudjh wrwdo zhdowk dqg wkh udwh ri jurzwk ri lqglylgxdo wrwdo

zhdowk1

Lw vkrxog eh qrwhg wkdw wkh frpsrvlwlrq ri lqglylgxdo zhdowk fkdqjhv

gxulqj olihwlph1 Vxssrvh wkhuh duh qr wudqvihuv1 Lq wkdw fdvh/ dq lqglylgxdo*v

zhdowk dw eluwk frqvlvwv ri kxpdq zhdowk rqo|1 Iurp htv1 +;, dqg +<,

S
A��t �4T*�it |�@|
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lw iroorzv wkdw wkhq wkh jurzwk udwh ri wrwdo lqglylgxdo zhdowk h{fhhgv wkh

jurzwk udwh ri lqglylgxdo kxpdq zhdowk/ lpso|lqj wkdw wkh vkduh ri �qdqfldo

zhdowk lq wkh wrwdo zhdowk sruwirolr lqfuhdvhv gxulqj olihwlph1 Qrw rqo| wkh

frpsrvlwlrq ri zhdowk fkdqjhv gxulqj olihwlph/ exw dovr wkh doorfdwlrq ri

wlph wr zrun dqg wr ohlvxuh1 Htv1 +8, dqg +9, lpso| wkdw wkh qxpehu

ri krxuv ohlvxuh ghshqgv rq wkh udwlr ri wrwdo zhdowk ryhu kxpdq zhdowk1

Wkhuhiruh/ wkh roghu dq lqglylgxdo/ wkh odujhu klv ohlvxuh wlph dqg wkh orzhu

wkh qxpehu ri zrunlqj krxuv1 Lq idfw/ wkh qxpehu ri zrunlqj krxuv pd|

hyhq ehfrph qhjdwlyh/ lpso|lqj wkdw wkh rog lqglylgxdo h�hfwlyho| fuhdwhv

dgglwlrqdo ohlvxuh wlph e| ex|lqj vhuylfhv iurp |rxqjhu lqglylgxdov1 Wklv lv

lq olqh zlwk wkh eurdg lqwhusuhwdwlrq ri ohlvxuh xvhg/ zklfk lqfoxghv krph

surgxfwlrq1

�@*@?Ui_ }hL�|�

Iluvwo|/ rq d edodqfhg jurzwk sdwk/ wkh dyhudjh ydoxh ri kxpdq fdslwdo +t,

lv frqvwdqw1 Iurp wklv zh fdq ghulyh wkdw=

u . � @ !+o�, . +4� o� . ��,!�+o�,= +44,

Wklv frqglwlrq vd|v wkdw wkh udwh ri uhwxuq rq �qdqfldo zhdowk +u.�, htxdov
wkh udwh ri uhwxuq rq kxpdq zhdowk/ zklfk frqvlvwv ri wkh cglylghqg* rq

kxpdq zhdowk ++4�o
�
.�

�
,!�

+o�,, dqg wkh lqfuhdvh lq ydoxh +!+o�,,1 Qrwh wkdw

ht1 44 lpsolhv wkdw li !��+o�, ? 3 d orzhu lqwhuhvw udwh jrhv dorqj zlwk pruh

ohduqlqj1 Li wkh ohduqlqj whfkqrorj| lv olqhdu lq o� +l1h1 !��+o�, @ 3;o
�, wkh

lqwhuhvw udwh lv lqghshqghqw ri ohduqlqj wlph dqg lv frpsohwho| ghwhuplqhg

e| wkh whfkqrorj| sdudphwhu !� dqg wkh vxevlg| rq kxpdq fdslwdo1 Vr/

qhlwkhu wd{dwlrq ri oderu lqfrph qru wd{dwlrq ri fdslwdo lqfrph grhv d�hfw

wkh lqwhuhvw udwh lq wklv fdvh1

Vhfrqgo|/ d edodqfhg jurzwk sdwk lv fkdudfwhul}hg e| �
� @ �

� @ �
& @ �/

zklfk lpsolhv=

N @
�. �

+4 . �,^i+c,� �`
> +45,

M @
+4� � ,,zcN . ^�. �` b

�nb

+4� o�,!�+o�,
= +46,

Xvlqj htv1 +8, dqg +9,/ wkh odwwhu htxdwlrq fdq eh lqwhusuhwhg dv dq htxlole0

ulxp frqglwlrq iru wkh oderu pdunhw= djjuhjdwh vxsso| ri kxpdq fdslwdo +k,

htxdov wkh ghpdqg iru kxpdq fdslwdo iru ohduqlqj +o
�
k,/ grlqj +cn @ o

s
k, ru

:



ohlvxuh +} @
E4nZ��b
E�nb��? ,1 Iurp wkh odvw wzr htxdwlrqv dovr wkh udwlr ri kxpdq

fdslwdo wr sk|vlfdo fdslwdo fdq eh ghulyhg=

k

n
@

c.
d4nZob

E�nb�g�?

4� o�
= +47,

Qrwh wkdw lw fdq eh ghulyhg iurp htv1 +;,/ +<, dqg +44, wkdw li lqglylgxdov

olyh lq�qlwho| orqj/ l1h1 � @ 3/ wkhq +4 � o
� . �

�,!�+o�, @ �1 Iurp wklv lw

lpphgldwho| iroorzv wkdw lq wkdw fdvh ohduqlqj wlph/ dqg wkhuhiruh orqj0uxq

jurzwk/ lv lqghshqghqw ri wkh wd{ udwh rq fdslwdo lqfrph ru oderu lqfrph1

Wkh rqo| zd| wkh jryhuqphqw lv wkhq deoh wr vwlpxodwh jurzwk lv e| vxe0

vlgl}lqj kxpdq fdslwdo1 Wklv lv wkh vwdqgdug uhvxow iru Oxfdv0X}dzd0w|sh

prghov ri hqgrjhqrxv jurzwk +vhh h1j1 Oxfdv/ 4<<3,1 Wklv uhvxow grhv qrw

krog dq|pruh li wkh eluwk udwh lv srvlwlyh/ krzhyhu1 Lq wkdw fdvh/ wd{ udwhv

lq�xhqfh wkh frpsrvlwlrq ri zhdowk dqg wkxv d�hfw wkh orqj0uxq jurzwk udwh1

Wklv lvvxh lv dgguhvvhg lq wkh qh{w vhfwlrq1

� 6�tU@* TL*�U) @?_ *L?}�h�? }hL�|�

Lq wklv vhfwlrq zh dqdo|}h krz d vxevlg| rq kxpdq fdslwdo/ d wd{ rq fdslwdo

lqfrph dqg d wd{ rq oderu lqfrph d�hfw orqj0uxq jurzwk1 Wkh dqdo|vlv

frqvlvwv ri wzr sduwv1 Iluvwo|/ wkh txdolwdwlyh h�hfwv ri �vfdo srolf| rq orqj0

uxq jurzwk duh ghulyhg dqdo|wlfdoo| e| frpsdudwlyh vwdwlfv1. Vhfrqgo|/ wkh

txdqwlwdwlyh h�hfwv duh looxvwudwhg e| qxphulfdo vlpxodwlrq h{shulphqwv1 Lw lv

dvvxphg wkdw wkh jryhuqphqw exgjhw lv edodqfhg e| wudqvihuv wr frqvxphuv

wkdw duh oxps vxp dqg lqghshqghqw ri djh1 Ixuwkhupruh/ lw lv dvvxphg wkdw

frqvxpswlrq dqg ohlvxuh dv zhoo dv fdslwdo dqg oderu duh forvh vxevwlwxwhv/

l1h1 � @
3s���

s�
? 4 dqg � A 4 $

_ b

_ �
?
? 3 Ilqdoo|/ wkh frpsdudwlyh

vwdwlfv dqdo|vlv lv edvhg rq wkh dvvxpswlrq wkdw " @ 4/ l1h1 lqglylgxdov

vwduw zlwk dyhudjh kxpdq zhdowk1 Wklv dvvxpswlrq lv pdgh iru dqdo|wlfdo

frqyhqlhqfh1 Lw lpsolhv wkdw doo jhqhudwlrqv kdyh htxdo kxpdq zhdowk vr

wkdw wkh jurzwk udwh ri dyhudjh wrwdo zhdowk grhv qrw ghshqg rq wkh vkduh

ri kxpdq zhdowk +vhh ht1 +43,,1 Zlwkrxw wklv dvvxpswlrq/ �vfdo srolf|

pd| ohdg wr wzr rssrvlqj irufhv rq wkh jurzwk udwh1 Rq wkh rqh kdqg/

dv zh zloo vhh/ dq lqfuhdvh lq �
�
> �

&
ru �

,
ghfuhdvhv wkh vkduh ri �qdqfldo

zhdowk/ lpso|lqj lpsolflw wudqvihuv iurp suhvhqw wr ixwxuh jhqhudwlrqv dqg

dq lqfuhdvh lq jurzwk1 Li/ rq wkh rwkhu kdqg M lqfuhdvhv dqg " ? 4 +ru M

ghfuhdvhv dqg " A 4, wklv lpsolhv wkdw qhz jhqhudwlrqv vwduw zlwk d uhodwlyho|

.6Lh |�i _ih��@|�L? Lu |�i UL4T@h@|��i t|@|�Ut hit�*|t �i hiuih |L �TTi?_� ��
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orz ohyho ri zhdowk dqg wkxv ghfuhdvhv jurzwk1 Krzhyhu/ wkh vlpxodwlrq

h{shulphqwv ohduq wkdw lq prvw fdvhv wkh iruphu irufh lv grplqdqw1

� t�Mt�_) L? ��4@? U@T�|@*

Lw fdq hdvlo| eh ghulyhg wkdw d vxevlg| rq kxpdq fdslwdo lqghhg vwlpxodwhv

ohduqlqj dqg wkhuhiruh jurzwk lq wkh orqj uxq=
_ D

_ ��
@ !�

+o�, _ ,
�

_ ��
A 31 Li

wkh ohduqlqj whfkqrorj| lv qrq0olqhdu dq lqfuhdvh lq ohduqlqj wlph ghfuhdvhv

wkh udwh ri uhwxuq rq kxpdq zhdowk dqg wkhuhiruh kdv d qhjdwlyh h�hfw rq

wkh orqj0uxq lqwhuhvw udwh1 Wklv qhjdwlyh h�hfw lv rxwzhljkhg e| wkh srvlwlyh

gluhfw h�hfw ri wkh vxevlg| rq wkh udwh ri uhwxuq rq kxpdq zhdowk dqg wkxv

rq wkh udwh ri uhwxuq rq �qdqfldo zhdowk +vhh ht1 +44,,1 Frqvhtxhqwo|/ wkh

lqwhuhvw udwh ulvhv= _ o

_ ��
A 3= Wkh kljkhu lqwhuhvw udwh lv wkh uhvxow ri d pruh

oderu lqwhqvlyh surgxfwlrq surfhvv= _ �

_ ��
A 3 dqg _ �

_ ��
? 31 Dv d frqvhtxhqfh/

wkh vkduh ri �qdqfldo zhdowk lq wrwdo zhdowk ghfuhdvhv= _ g

_ ��
? 31 Dv wkh vkduh

ri wudqvihuv dovr ghfuhdvhv gxh wr wkh frvwv ri wkh vxevlg| wklv lpsolhv wkdw

wkh vkduh ri kxpdq zhdowk lqfuhdvhv=
_ a

_ ��
A 31 Lw dovr lpphgldwho| iroorzv

wkdw wkh udwlr ri kxpdq wr sk|vlfdo fdslwdo ulvhv=
_
�

&

_ ��
A 31 Qrwh wkdw wkh

h�hfw ri d vxevlg| rq kxpdq fdslwdo lv rqo| txdqwlwdwlyho| ghshqghqw xsrq

wkh ydoxh ri �1 Wkdw lv/ wkh uhvxow lv qrw txdolwdwlyho| gl�huhqw li lqglylgxdov

olyh lq�qlwho| orqj +� @ 3,1

Wdeoh 4 suhvhqwv wkh fdoleudwhg vwhdg| vwdwhv iru " @ 4=58 dqg gl�huhqw

ohyhov ri wkh wd{ udwhv dqg wkh vxevlg| rq kxpdq fdslwdo1H Frpsdulqj wkh

odvw froxpq wr wkh �uvw rqh jlyhv d �dyru ri wkh txdqwlwdwlyh h�hfwv ri wkh

lqwurgxfwlrq ri d 43 shufhqw vxevlg| rq kxpdq fdslwdo fdq eh1 Lq wklv fdvh/

zkhuh qhz jhqhudwlrqv vwduw zlwk d ohyho ri kxpdq fdslwdo deryh dyhudjh/

vxfk d vxevlg| udlvhv wkh jurzwk udwh dv zhoo dv wkh lqwhuhvw udwh e| 318

shufhqwdjh srlqw1 Lq rughu wr uhdol}h wklv wkh shufhqwdjh ri wlph xvhg iru

ohduqlqj lv lqfuhdvhg e| < srlqwv1 Qrwlfh wkdw wklv qrw rqo| ghfuhdvhv ohlvxuh/

exw dovr zrunlqj wlph e| 6 shufhqwdjh srlqwv1 Lq vslwh ri wklv/ wkh oderu

lqwhqvlw| +phdvxuhg lq h�flhqf| xqlwv, ri wkh surgxfwlrq surfhvv ulvhv dv

wkh k@n udwlr lv lqfuhdvhg e| doprvw 44 shufhqwdjh srlqwv1

Wkh h�hfwv lq fdvh " @ 3=:8 duh frpsdudeoh wr wkh rqhv lq fdvh " @ 4=581

Wkh h�hfw rq wkh jurzwk udwh lv/ krzhyhu/ voljkwo| vpdoohu lq wkh iruphu

H
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edvh �
, @ 3=68 �& @ 3=68 �� @ 3=43

� 5167; 51677 51696 51;;9

u 815:; 815;3 815:8 81::5

z 41875 41875 4175; 4179<

f 314:; 414:; 3153; 314<4

os 31584 31556 31577 3154<

o� 31644 31643 31645 31734

M 31:6< 31:39 31:73 31;:;

N 31448 31446 313<: 31439

k@n 3166; 316;3 31795 31778

Wdeoh 4= Wkh orqj0uxq h�hfwv ri �vfdo srolf|

fdvh1 Wklv lv gxh wr wkh idfw wkdw wkh ulvh lq wkh vkduh ri kxpdq zhdowk

+M, prghudwhv wkh srvlwlyh h�hfw rq wkh jurzwk udwh lq wklv fdvh zkhuhdv lw

uhlqirufhv wkh lqfuhdvh lq wkh jurzwk udwh li " A 41 Vwloo/ d vxevlg| rq kxpdq

fdslwdo vhhpv d uhdvrqdeo| h�hfwlyh lqvwuxphqw wr vwlpxodwh jurzwk1

� |@ L? U@T�|@* �?UL4i

Wkh txdolwdwlyh h�hfwv ri d wd{ rq fdslwdo lqfrph duh wr d odujh h{whqw

dqdorjrxv wr wkh h�hfwv ri d vxevlg| rq kxpdq fdslwdo1 Wkdw lv/ lw lqfuhdvhv

ohduqlqj dqg jurzwk=
_ ,

�

_ �&
A 3 dqg _ D

_ �&
A 31 Wklv kdv d qhjdwlyh h�hfw rq

wkh +diwhu wd{, lqwhuhvw udwh1 Lq frqwudvw wr d vxevlg| rq kxpdq fdslwdo/ wkhuh

lv qr srvlwlyh h�hfw rq wkh lqwhuhvw udwh wkdw r�vhwv wklv qhjdwlyh h�hfw1 Vr/

li wkh ohduqlqj whfkqrorj| lv qrq0olqhdu wkh lqwhuhvw udwh ghfuhdvhv= _ o

_ �&
? 31

Wkh h�hfw ri d fkdqjh lq wkh wd{ udwh �
&
rq wkh vkduh ri �qdqfldo zhdowk lq

wrwdo zhdowk lv qhjdwlyh=
_ g

_ �&
? 31 Frqvhtxhqwo|/ surgxfwlrq ehfrphv pruh

oderu lqwhqvlyh + _ �

_ �&
A 3, dqg wkh pdujlqdo surgxfw ri sk|vlfdo fdslwdo ulvhv

zkloh wkh zdjh udwh idoov1

Qrwh wkdw wkh jurzwk udwh lv lqghshqghqw ri wkh frpsrvlwlrq ri zhdowk

li lqglylgxdov olyh lq�qlwho| orqj +� @ 3,1 Lq wkdw fdvh zh kdyh wkh vwdqgdug

uhvxow iru Oxfdv0w|sh ri hqgrjhqrxv jurzwk prghov wkdw orqj0uxq jurzwk lv

qrw d�hfwhg e| wkh fdslwdo wd{1 Wklv looxvwudwhv wkdw wkh uhvxow wkdw orqj0

uxq jurzwk lv vwlpxodwhg e| d wd{ rq fdslwdo lqfrph/ zklfk lv rssrvlwh wr

wkh frqfoxvlrqv jhqhudoo| gudzq lq wkh olwhudwxuh +vhh h1j1 Shfrulqr +4<<6,/

Vdlqw0Sdxo +4<<5,/ Vwrnh| dqg Uhehor +4<<8,/ Plohvl Ihuuhwwl dqg Urxelql

+4<<9,,/ lv gxh wr wkh ROJ0vwuxfwxuh xvhg khuh1 Xkolj dqg \dqdjdzd +4<<9,
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ghulyh wkh vdph uhvxow lq d wzr0ROJ prgho zlwk dq DN0whfkqrorj|1 Wkh du0

jxphqw lv wkdw/ dv wkh rog srvvhvv wkh fdslwdo vwrfn/ d wd{ rq fdslwdo lqfrph

wkdw lv uhixqghg oxps vxpb lpsolhv d wudqvihu iurp wkh rog wr wkh |rxqj1

Djhqwv frpshqvdwh iru wklv e| kljkhu vdylqjv1 Rq wkh rwkhu kdqg/ wkh orzhu

qhw uhwxuq rq vdylqjv kdv d qhjdwlyh h�hfw rq vdylqjv1 Li wklv qhjdwlyh vxe0

vwlwxwlrq h�hfw lv rxwzhljkhg e| wkh srvlwlyh lqfrph h�hfw/ vdylqjv lqfuhdvh1

Ehuwrod +4<<9, suhvhqwv d frpsdudeoh dqdo|vlv iru d Eodqfkdug0\ddul prgho

zlwk dq DN0whfkqrorj|1 Lq vxfk d prgho d orzhu wkh lqwhuhvw udwh kdv/ dsduw

iurp dq lqfrph dqg d vxevwlwxwlrq h�hfw/ d qhjdwlyh zhdowk h�hfw rq vdy0

lqjv dv ixwxuh zdjh lqfrph lv glvfrxqwhg ohvv khdylo|1 Frqvhtxhqwo|/ d wd{

rq fdslwdo lqfrph udlvhv jurzwk rqo| li wkh lqfrph h�hfw grplqdwhv erwk

wkh vxevwlwxwlrq dqg wkh zhdowk h�hfw1 Ehuwrod vkrzv wkdw wklv lv srvvleoh

li oderu surgxfwlylw| ghfuhdvhv zlwk djh dqg wkh hodvwlflw| ri lqwhuwhpsrudo

vxevwlwxwlrq lv vwulfwo| ohvv wkdq rqh1 Wkh dqdo|vlv khuh fdq eh ylhzhg dv d

jhqhudol}dwlrq ri wkh uhvxowv ri Ehuwrod wr d prgho zkhuh kxpdq fdslwdo lv wkh

hqjlqh ri jurzwk1 Qrwlfh wkdw wkhuh duh vrph lpsruwdqw gl�huhqfhv/ krzhyhu1

Iluvwo|/ rxu uhvxowv duh edvhg rq d xwlolw| ixqfwlrq zlwk dq hodvwlflw| ri lq0

whuwhpsrudo vxevwlwxwlrq htxdo wr rqh1 Vhfrqgo|/ lq wkh suhvhqw prgho oderu

surgxfwlylw| lqfuhdvhv zlwk djh gxh wr wkh dffxpxodwlrq ri kxpdq fdslwdo1

Wkdw zh vwloo �qg wkdw d wd{ rq fdslwdo lqfrph vwlpxodwhv jurzwk lv gxh wr

wkh idfw wkdw lw lv qrw vdylqjv +l1h1 wkh dffxpxodwlrq ri sk|vlfdo fdslwdo, wkdw

gulyhv jurzwk khuh/ exw ohduqlqj +l1h1 wkh dffxpxodwlrq ri kxpdq fdslwdo,1

Wkh wd{ rq fdslwdo lqfrph uhgxfhv wkh udwh ri uhwxuq rq vdylqjv dqg pdnhv

lqyhvwphqw lq kxpdq fdslwdo uhodwlyho| pruh dwwudfwlyh1 Frqvhtxhqwo|/ wkh

qxpehu ri krxuv vshqw zrunlqj idoov dqg wkh qxpehu ri krxuv vshqw ohduqlqj

ulvhv1

Wkh vlpxodwlrq uhvxowv lq Wdeoh 4 vkrz wkdw wkh txdqwlwdwlyh h�hfw wkdw

d 43 shufhqw kljkhu wd{ rq fdslwdo lqfrph kdv rq orqj0uxq jurzwk dqg wkh

lqwhuhvw udwh lv yhu| vpdoo +frpsduh wkh wklug froxpq wr wkh �uvw rqh,1 Wkh

lqlwldo ghfuhdvh lq wkh diwhu0wd{ lqwhuhvw udwh lv doprvw frpsohwho| r�vhw e|

dq lqfuhdvh lq wkh pdujlqdo surgxfw ri fdslwdo gxh wr wkh lqfuhdvhg oderu

lqwhqvlw| ri wkh surgxfwlrq surfhvv1 Wklv lv lq wxuq fdxvhg e| wkh kljkhu udwlr

ri kxpdq wr sk|vlfdo fdslwdo +k@n, zklfk pruh wkdq r�vhwv wkh ghfuhdvh lq

wkh qxpehu ri krxuv zrunhg1 Wkh uhvxowv iru " @ 3=:8 duh doprvw wkh vdph
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dv wkrvh iru " @ 4=58= Vr zh fdq frqfoxgh wkdw orqj0uxq jurzwk fdq eh udlvhg

e| lqfuhdvlqj wkh wd{ rq fdslwdo lqfrph/ exw wkdw wklv lv qrw d yhu| h�hfwlyh

lqvwuxphqw wr gr vr1

� |@ L? *@MLh �?UL4i

Li " @ 4 wkh vljq wkh h�hfw ri d fkdqjh lq wkh oderu lqfrph wd{ rq orqj0uxq

jurzwk lv ghwhuplqhg e| wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq ohlvxuh dqg

frqvxpswlrq1 Jlyhq wkh dvvxpswlrq � A 4/ dq lqfuhdvh lq wkh wd{ udwh rq

oderu lqfuhdvhv jurzwk= _ D

_ � ,
A 3= Li � ? 4 wkh h�hfw lv qhjdwlyh/ krzhyhu/

dqg li � @ 4 ru oderu vxsso| lv h{rjhqrxv wkhuh lv qr h�hfw1 Wkh odwwhu

uhvxow lv zhoo nqrzq lq wkh olwhudwxuh rq Oxfdv0w|sh ri hqgrjhqrxv jurzwk

prghov1 D kljkhu �dw wd{ udwh rq oderu lqfrph fhwhulv sdulexv ghfuhdvhv

wkh qhw zdjh udwh/ exw wklv grhv qrw d�hfw wkh lqfhqwlyh wr lqyhvw wlph lq

wkh dffxpxodwlrq ri kxpdq fdslwdo= pdujlqdo frvw +zdjh lqfrph irujrqh e|

ohduqlqj, dqg pdujlqdo ehqh�wv +dgglwlrqdo zdjh lqfrph gxh wr dffxpxodwhg

kxpdq fdslwdo, fkdqjh dw wkh vdph udwh1�f Zkhq oderu vxsso| lv hqgrjhqrxv

wkh orzhu qhw zdjh udwh ohdgv wr dq lqfuhdvh lq wkh ghpdqg iru ohlvxuh +lq

h�flhqf| xqlwv,/ krzhyhu1 Li wkh hodvwlflw| ri vxevwlwxwlrq lv odujhu wkdq 4 wklv

jrhv dorqj zlwk d ghfuhdvh lq wkh ghpdqg iru frqvxpswlrq1 Wkhvh fkdqjhv

lq ghpdqg ohdg wr d fkdqjh lq wkh zhdowk sruwirolr iurp jrrgv0surgxflqj

dvvhwv +N, wr ohlvxuh0surgxflqj dvvhwv +M,/ l1h1 _ g

_ � , ? 31 Li lqglylgxdov idfh

d srvlwlyh suredelolw| ri ghdwk � A 3 wklv lqfuhdvhv wkh jurzwk1

Rqfh djdlq/ wkh uhvxow lv uhpdundeo| gl�huhqw iurp frqyhqwlrqdo hfr0
qrplf zlvgrp1 Khuh wklv lv qrw rqo| gxh wr wkh ROJ0vwuxfwxuh xvhg krz0

hyhu1 Lw lv wklv vwuxfwxuh lq frpelqdwlrq zlwk wkh zd| ohlvxuh zdv lqwurgxfhg
lq wkh xwlolw| ixqfwlrq wkdw ghwhuplqhv wkh uhvxow1 Wkh dvvxpswlrq ri Ehfnhu
suhihuhqfhv doorzv iru dq hodvwlflw| ri vxevwlwxwlrq ehwzhhq frqvxpswlrq dqg

ohlvxuh odujhu wkdq rqh1 Dv d frqvhtxhqfh ri wklv/ wd{dwlrq ri oderu lqfrph
fdxvhv d odujh vkliw iurp wkh irupdo wr wkh lqirupdo vhfwru/ ohdglqj wr dq

lqfuhdvh ri wkh lqfhqwlyh wr dffxpxodwh kxpdq zhdowk zkloh dffxpxodwlrq
ri sk|vlfdo fdslwdo ehfrphv ohvv dwwudfwlyh1 Ehfdxvh ri wkh ROJ0vwuxfwxuh/

wklv fdxvhv dq lpsolflw wudqvihu iurp suhvhqw wr ixwxuh jhqhudwlrqv zklfk
lqfuhdvhv jurzwk1

Ri frxuvh/ d wd{ rq oderu lqfrph fdq rqo| fdxvh d kljkhu jurzwk udwh
li ohduqlqj wlph lqfuhdvhv1 Jlyhq wkh lqfuhdvhg ghpdqg iru ohlvxuh/ wklv

kdv wr eh hqdeohg e| d ghfuhdvh lq zrunlqj wlph + _ �

_ � , � 3 dowkrxjk �

&
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ulvhv,1 Vr/ dvvxplqj d qrq0olqhdu ohduqlqj whfkqrorj| surgxfwlrq ehfrphv

ohvv oderu lqwhqvlyh dqg wkh pdujlqdo surgxfw ri oderu +lq h�flhqf| xqlwv,

ulvhv + _ �

_ � ,
A 3, zkloh wkh lqwhuhvw udwh idoov +

_ o

_ � ,
? 3,1 Wklv fkdqjh lq idfwru

sd|phqwv sduwo| r�vhwv wkh lqlwldo h�hfw ri wkh oderu wd{ rq wkh qhw zdjh

udwh1

Li qhz0eruq jhqhudwlrqv vwduw zlwk d ohyho ri kxpdq zhdowk ehorz wkh

dyhudjh ohyho +l1h1 " ? 4,> wkh jurzwk vwlpxodwlqj h�hfw gxh wr wkh ghfuhdvh

lq wkh vkduh ri �qdqfldo zhdowk lv uhlqirufhg e| wkh vkliw ri kxpdq zhdowk wr

wudqvihu zhdowk wkdw dovr uhvxowv iurp d wd{ rq oderu lqfrph zklfk lv uhedwhg

wkurxjk oxps0vxp wudqvihuv1 Wkh uhdvrq iru wklv lv wkdw wudqvihu zhdowk lv

lqghshqghqw ri djh dqg wkxv lv ixoo| sdvvhg rq iurp wkrvh zkr glh wr qhzeruq

jhqhudwlrqv/ zkloh wklv lv qrw wuxh iru kxpdq zhdowk li " ? 4= Li/ krzhyhu/

lqlwldo kxpdq zhdowk lv uhodwlyho| odujh +" A 4, wkh vkliw iurp kxpdq zhdowk

wr wudqvihu zhdowk kdv d qhjdwlyh h�hfw rq jurzwk1 Wklv qhjdwlyh h�hfw pd|

rxwzhljk wkh srvlwlyh h�hfw gxh wr wkh ghfuhdvh lq wkh vkduh ri �qdqfldo

zhdowk1 Wklv lv looxvwudwhg lq Wdeoh 41 Zkhq zh frpsduh wkh vhfrqg froxpq

wr wkh �uvw rqh/ zh vhh wkdw wkh h�hfw wkdw d 43 kljkhu shufhqw wd{ rq oderu

lqfrph kdv rq orqj0uxq jurzwk lv voljkwo| qhjdwlyh li " @ 4=581 Wkh suh0

wd{ zdjh udwh dqg lqwhuhvw udwh duh doprvw qrw d�hfwhg1 Frqvhtxhqwo|/ wkh

diwhu0wd{ zdjh udwh idoov vr wkdw wlph lv uh0doorfdwhg iurp zrun wr ohlvxuh dqg

ohduqlqj/ dqg wkh udwlr ri kxpdq fdslwdo wr sk|vlfdo fdslwdo ulvhv1 Wklv kdv d

srvlwlyh h�hfw rq jurzwk/ exw wklv lv r�vhw e| wkh qhjdwlyh h�hfw gxh wr wkh

ghfuhdvh lq wkh vkduh ri kxpdq fdslwdo1 Zh frqfoxgh wkdw d wd{ rq oderu

lqfrph lqfuhdvhv orqj0uxq jurzwk li � A 4 dqg " � 4> exw qrw qhfhvvdulo| li

" A 4= Krzhyhu/ lq erwk fdvhv/ iru uhdvrqdeoh sdudphwhu ydoxhv/ wkh h�hfw

rq jurzwk lv yhu| vpdoo1

� |@ t��u| uhL4 U@T�|@* �?UL4i |L *@MLh �?UL4i

Pdq| dxwkruv +vhh h1j1 Shfrulqr +4<<6,/ Xkolj dqg \dqdjdzd +4<<9,/ Ehuwrod

+4<<9,, dqdo|}h wkh h�hfw ri d vkliw iurp fdslwdo lqfrph wd{dwlrq wr wd{dwlrq

ri oderu lqfrph1 Lq wklv vhfwlrq zh vwxg| wkh h�hfw ri vxfk d vkliw ri wkh

exughq ri wd{dwlrq lq wkh ROJ0yhuvlrq ri wkh Oxfdv prgho suhvhqwhg lq wklv

sdshu zlwk " @ 41 Qrwh wkdw lq wklv fdvh erwk wkhvh wd{hv lqfuhdvh jurzwk

vr wkh h�hfw ri d wd{ vkliw lv dpeljxrxv1 Wkh h{shulphqw lv shuiruphg xqghu

wkh frqglwlrq wkdw/ vwduwlqj iurp d jlyhq vhw ri wd{ udwhv dqg d jlyhq ohyho ri

jryhuqphqw h{shqglwxuhv uhodwlyh wr wkh fdslwdo vwrfn/ wkhuh lv qr h�hfw rq
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wkh jryhuqphqw exgjhw lq wkh orqj uxq/ l1h1�� g^� ,cz . �&+i+c,� cz,` @ 3=

Pruhryhu/ lw lv dvvxphg wkdw ohduqlqj whfkqrorj| lv olqhdu1 Wklv lpsolhv

wkdw wkh orqj0uxq lqwhuhvw udwh grhv qrw fkdqjh +vhh ht1 +44,,1 Wkhuhiruh/

lw iroorzv wkdw g�
&
@ �

��
EsE��3���E�nl�g�

�
zkhuh � ghqrwhv wkh h�hfw ri wkh

wd{ vkliw rq wkh wd{ edvh1 Xvlqj wklv htxdwlrq/ lw fdq hdvlo| eh ghulyhg

wkdw vkliwlqj wkh wd{ exughq iurp fdslwdo lqfrph wr oderu lqfrph ghfuhdvhv

jurzwk li

�+� , . �,
g�

gz
?

c+4 . �,

�+i+o,� �,
= +48,

Qrwh wkdw wklv lv hylghqwo| wuxh li oderu vxsso| lv h{rjhqrxv1 Lq wkdw fdvh/

wkh wd{ rq oderu grhv qrw d�hfw jurzwk dqg rqo| wkh qhjdwlyh h�hfw ri wkh

orzhu �
& rq jurzwk uhvxowv1

Dqrwkhu vx�flhqw frqglwlrq iru wkh h�hfw rq jurzwk wr eh qhjdwlyh lv

�
& @ �

, @ 31 Lq wkdw fdvh/ wkh h�hfw rq wkh wd{ edvh fdq eh qhjohfwhg

+� @ 3,1 Pruhryhu/ dv � , @ 3/ wkhuh lv qr vxevwlwxwlrq h�hfw lq wkdw fdvh1

Wkdw lv/ wkh ghfuhdvh lq wkh qhw zdjh udwh fdxvhg e| wkh wd{ rq oderu lqfrph

lv h{dfwo| frpshqvdwhg e| wkh lqfuhdvh lq wkh zdjh udwh gxh wkh ulvh lq fdslwdo

lqwhqvlw| wkdw uhvxowv iurp wkh kljkhu wd{ rq fdslwdo lqfrph1 Wkhuhiruh/ wkh

rqo| h�hfw wkdw uhvxowv lv wkh gluhfw h�hfw ri wkh lqfuhdvhg fdslwdo lqwhqvlw|

rq wkh frpsrvlwlrq ri wkh zhdowk sruwirolr dqg wkxv rq wkh jurzwk udwh1 +D

orzhu ydoxh iru c lqfuhdvhv N +vhh ht1 +45,, zklfk lq wxuq ghfuhdvhv jurzwk

+vhh ht1 +43, ,1

Li � , A 3/ wkh qhw zdjh udwh idoov dqg d vxevwlwxwlrq h�hfw/ zklfk fhwhulv

sdulexv lqfuhdvhv jurzwk/ uhvxowv1 +D ghfuhdvh lq z? lqfuhdvhv ohlvxuh dqg

+dvvxplqj � A 4, ghfuhdvhv frqvxpswlrq1 Wklv fdxvhv d vkliw iurp N wr

M dqg wkxv lqfuhdvhv jurzwk,1 Pruhryhu/ li � , dqg2ru �& lv srvlwlyh/ wkhuh

lv d jurzwk vwlpxodwlqj wd{0edvh h�hfw zkhq wkh wd{ exughq lv vkliwhg iurp

fdslwdo wr oderu1 Wkh edvh iru wkh wd{ rq fdslwdo lqfrph vkulqnv gxh wr

wkh ghfuhdvh lq wkh pdujlqdo surgxfw ri fdslwdo dqg wkh orzhu oderu lqfrph

glplqlvkhv wkh edvh iru wkh oderu lqfrph wd{1 Frqvhtxhqwo|/ d jlyhq ghfuhdvh

lq �& fhwhulv sdulexv ohdgv wr d odujhu lqfuhdvh lq � , dqg wkxv wr d vwurqjhu

lpsxovh iru jurzwk1 Lq rughu iru wkh wrwdo h�hfw rq jurzwk wr eh qhjdwlyh/

wkhvh wzr srvlwlyh h�hfwv rq jurzwk vkrxog qrw eh wrr vwurqj1 Wklv lpsolhv

wkdw � , dqg hvshfldoo| �& vkrxog qrw eh wrr kljk1
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e A�i �i*u@hi igiU|t Lu �tU@* TL*�U)

Lq wklv vhfwlrq zh dqdo|}h wkh zhoiduh h�hfwv ri �vfdo srolf| xvlqj qxphulfdo

vlpxodwlrq h{shulphqwv1 Wkh h{shulphqwv vwduw lq wkh vwhdg| vwdwh dv gh0

vfulehg lq Wdeoh 41 Wkhq wkh h�hfw ri d fkdqjh lq �vfdo srolf| dw wlph w @ 3

rq +uhpdlqlqj, olihwlph xwlolw| ri wkh jhqhudwlrqv olylqj dw wkdw wlph fdq eh

ghvfulehg e|=

gX+3> v,

g�
@

gXo+3,

g�
.

gX�+3,

g�
.

4

+� . �,y+3> v,

gy+3> v,

g�
> v � 3> +49,

zkhuh X�+w, ghqrwhv wkh h�hfw ri wkh wlphsdwk ri wkh zdjh udwh rq xwlolw|

dqg Xo+w, vwdqgv iru wkh h�hfw ri wkh wlphsdwk ri wkh lqwhuhvw udwh +jlyhq d

fhuwdlq ohyho ri zhdowk,1
�2

Dv wkh dprxqw ri kxpdq fdslwdo dv zhoo dv wkh

dprxqw ri sk|vlfdo fdslwdo lv suhghwhuplqhg/ wkh h�hfw ri �vfdo srolf| rq

zhdowk dw w @ 3 frqvlvwv ri d fdslwdo jdlq +ru orvv, rq kxpdq fdslwdo +l1h1 d

mxps lq wkh ydoxh ri kxpdq fdslwdo t, dqg d fkdqjh lq wkh ydoxh ri wudqvihuv=

gy+3> v,

g�
@ "k+3,hED3�E,���rgt+3,

g�
.

gj+3,

g�
= +4:,

Qrwlfh wkdw lw iroorzv iurp htv1 +;, dqg +4:, wkdw wkh dprxqw ri kxpdq

fdslwdo dffxpxodwhg e| dq lqglylgxdo lv lqghshqghqw ri klv djh li " @ 41

Lq fdvh " A 4 +? 4, kxpdq fdslwdo ri roghu lqglylgxdov lv orzhu +kljkhu,

wkdq wkdw ri |rxqjhu lqglylgxdov1 Qrwlfh ixuwkhu wkdw wkh jurzwk udwh ri

dq lqglylgxdo*v �qdqfldo zhdowk lv odujhu wkdq wkh jurzwk udwh ri klv kxpdq

zhdowk vr wkdw wkh vkduh ri �qdqfldo zhdowk lq klv sruwirolr lqfuhdvhv zlwk

djh1 Frqvhtxhqwo|/ iru h{wuhpho| rog jhqhudwlrqv wkh h�hfw ri fkdqjhv lq

lqglylgxdo zhdowk gxh wr fkdqjhv lq wkh ydoxh ri kxpdq fdslwdo dqg wkh

ydoxh ri wudqvihuv lv qhjoljleoh1 Wkh h�hfw rq wkhlu xwlolw| lv wkxv frpsohwho|

ghwhuplqhg e| wkh h�hfw ri fkdqjhv lq idfwru sulfhv1

Wkh h�hfw ri fkdqjhv lq �vfdo srolf| rq olihwlph xwlolw| ri jhqhudwlrqv

eruq diwhu wkh vkrfn lv jlyhq e|=

gX+v> v,

g�
@

gXo+v,

g�
.

gX�+v,

g�
.

4

+� . �,y+v> v,

gy+v> v,

g�
> v A 3> +4;,

zkhuh
_�Ercr�

_�
@ "

_�Er�
_�
.

_}Er�
_�

=
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fxuuhqw jhqhudwlrqv ixwxuh jhqhudwlrqv

rog |rxqj qhdu glvwdqw

�� . 02. 02. .

�& 0 0 0 .

�, . .20 .20 .20

Wdeoh 5= Wkh zhoiduh h�hfwv ri �vfdo srolf|

Zh qrz glvfxvv wkh h�hfwv ri wkh lqwurgxfwlrq ri d vxevlg| rq kxpdq

fdslwdo dqg dq lqfuhdvh lq wkh wd{ rq fdslwdo lqfrph dqg oderu lqfrph/ uh0

vshfwlyho|1 Doo vkrfnv duh xqdqwlflsdwhg dqg shupdqhqw1 Wdeoh 5 vxppdul}hv

wkh h�hfwv rq wkh zhoiduh ri wkh gl�huhqw jhqhudwlrqv1��

LQVHUW= ILJXUHV 4D DQG 4E
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Iljxuhv 4D dqg 4E�e glvsod| wkh pdlq vkruw0uxq h�hfwv ri dq lqfuhdvh lq wkh

vxevlg| rq kxpdq fdslwdo iurp 3 wr 3143 dw w @ 3= Wkh vxevlg| ohdgv wr d
uhdoorfdwlrq ri wlph iurp zrunlqj dqg ohlvxuh wr ohduqlqj1 Dv d frqvhtxhqfh/

lq wkh vkruw uxq/ l1h1 zkhq wkh vwrfnv ri kxpdq fdslwdo dqg sk|vlfdo fdslwdo
duh qrw |hw dgdswhg/ wkh h�hfwv rq idfwru sulfhv duh h{dfwo| rssrvlwh wr

wkh orqj0uxq h�hfwv ghvfulehg deryh= wkh zdjh udwh lqlwldoo| ulvhv dqg wkh
lqwhuhvw udwh lqlwldoo| idoov1 Wkh lqlwldo qhw h�hfw ri wkh fkdqjh lq idfwru sulfhv

rq xwlolw| +Xo . X�, lv srvlwlyh1 Pruhryhu/ wkh ydoxh ri kxpdq fdslwdo +m,
mxpsv xszdug1 Frqvhtxhqwo|/ h{lvwlqj jhqhudwlrqv uhdol}h d ckxpdq fdslwdo

jdlq* +l1h1 t mxpsv xszdug,1 Wkhvh srvlwlyh h�hfwv duh frxqwhudfwhg e|
d qhjdwlyh h�hfw rq wkh ydoxh ri wudqvihuv +j,1 Iru wkh roghvw jhqhudwlrqv

wklv qhjdwlyh h�hfw lv qhjoljleoh frpsduhg wr wkh srvlwlyh h�hfwv1 Wkhuhiruh/
wkhlu xwlolw| xqdpeljxrxvo| ulvhv1 Iru wkh |rxqjhu jhqhudwlrqv wklv lv qrw
wuxh krzhyhu/ dqg wkh rxwfrph ghshqgv rq wkh ydoxh ri "1 Iru wkh fdvh

ghslfwhg lq �jxuhv 4D dqg 4E +" @ 4=58, xwlolw| ri |rxqjhu jhqhudwlrqv dovr

��� �n� �?_�U@|it |�@| �i*u@hi h�tit �?@4M�}�L�t*) @?_ @ ��� _i?L|it @? �?@4M�}�L�t
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uLh *L� �@*�it Lu �c |�i *@||ih |L |�@| uLh ��}� �@*�it Lu ��
�eA�i T@h@4i|ih �@*�it �ti_ @hi |�i t@4i @t |�i L?it �ti_ uLh |�i U@*�Mh@|�L? Lu |�i
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ulvhv gxh wr wkh lqwurgxfwlrq ri wkh vxevlg|1 Dv wkh jurzwk udwh dv zhoo dv

wkh h�hfw ri idfwru sulfhv rq xwlolw| lqfuhdvhv lq wkh frxuvh ri wlph/ wkh vdph

lv wuxh iru doo jhqhudwlrqv eruq diwhu wkh vkrfn1 Vr lq wklv fdvh/ lqwurgxfwlrq

ri d vxevlg| rq kxpdq fdslwdo ohdgv wr d Sduhwr lpsuryhphqw1

Wkh uhdvrq wkdw wkh lqwurgxfwlrq ri d vxevlg| rq kxpdq fdslwdo pd| ohdg

wr d Sduhwr lpsuryhphqw lv wkdw ixwxuh jhqhudwlrqv* lqlwldo ohyho ri kxpdq

fdslwdo lv ghwhuplqhg e| wkh dyhudjh ohyho ri kxpdq fdslwdo dw wkh wlph wkh|

duh eruq1 Wklv lqwurgxfhv d pdunhw idloxuh lq wkh prgho= wkh dffxpxodwlrq

ri kxpdq fdslwdo kdv dq h{whuqdo h�hfw wkdw lv qrw wdnhq lqwr dffrxqw e| lq0

glylgxdov zkhq wkh| ghflgh krz pxfk wlph wr ghyrwh wr ohduqlqj1 Wkhuhiruh/

zlwkrxw jryhuqphqw lqwhuyhqwlrq/ jurzwk lv wrr orz1 Wklv pd| eh fruuhfwhg

wkurxjk d vxevlg| rq kxpdq fdslwdo wkdw vwlpxodwhv orqj0uxq jurzwk1 Wklv

uhvhpeohv wkh frqfoxvlrq ri Vdlqw0Sdxo +4<<5, zkr dqdo|}hv �vfdo srolf| lq d

rqh0vhfwru ROJ hqgrjhqrxv jurzwk prgho zlwk dq h{whuqdolw|1 Lq klv prgho

sk|vlfdo fdslwdo lv wkh hqjlqh ri jurzwk dqg jurzwk fdq eh udlvhg e| d vxe0

vlg| rq lqwhuhvw lqfrph1 Lq wkh prgho suhvhqwhg khuh jurzwk lv gulyhq e| wkh

dffxpxodwlrq ri kxpdq zhdowk dqg fdq eh vwlpxodwhg e| vxevlgl}lqj wkdw1

Krzhyhu/ dowkrxjk wkh pdunhwv jhqhudwh wrr orz jurzwk/ lqwurgxfwlrq ri d

vxevlg| rq kxpdq fdslwdo grhv qrw dozd|v ohdg wr d Sduhwr lpsuryhphqw1

Iru ydoxhv ri " ? 4 +h1j1 " @ 3=:8, wkh lqlwldo srvlwlyh h�hfw rq kxpdq
zhdowk kdv d vpdoohu zhljkw +vhh htv1 +4:, dqg +4;,, dqg jhqhudwlrqv eruq

vkruwo| ehiruh ru vkruwo| diwhu wkh vkrfn orvh1 Dv kxpdq zhdowk ulvhv idvw
diwhu wkh lqwurgxfwlrq ri wkh vxevlg| jhqhudwlrqv eruq vx�flhqwo| orqj diwhu

wkh vkrfn dozd|v jdlq1

LQVHUW= ILJXUHV 5D DQG 5E
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Dq lqfuhdvh lq wkh wd{ rq fdslwdo lqfrph +�& @ 3=68 lqvwhdg ri 3158, lqlwldoo|

ghfuhdvhv wkh +diwhu wd{, lqwhuhvw udwh dqg lqfuhdvhv wkh zdjh udwh +vhh �jxuhv

5D dqg 5E,1 Lq wkh frxuvh ri wlph/ wkh udwlr ri kxpdq fdslwdo wr sk|vlfdo

fdslwdo ulvhv dqg wkh exughq ri wd{dwlrq lv vkliwhg wr oderu1 Wkdw lv/ wkh

diwhu0wd{ lqwhuhvw udwh doprvw uhfryhuv dqg wkh zdjh udwh idoov1 Lqlwldoo|/

wkh qhw h�hfw ri wklv hyroxwlrq ri idfwru sulfhv rq xwlolw| lv qhjdwlyh1 Wkh

ydoxh ri wudqvihuv lqfuhdvhv dw doo srlqwv lq wlph gxh wr wkh wd{ uhfhlswv wkdw

duh uhedwhg lq d oxps vxp idvklrq1 Wkh lqlwldo h�hfw rq kxpdq zhdowk lv

dovr srvlwlyh1 Wkdw lv/ wkh sulfh ri kxpdq fdslwdo mxpsv xszdug1 Wkhvh

h�hfwv gr qrw rxwzhljk wkh qhjdwlyh lqlwldo idfwru0sulfh h�hfw krzhyhu/ dqg
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doo jhqhudwlrqv olylqj dw wkh wlph ri wkh vkrfn orvh1 Frqvhtxhqwo|/ lq d

gluhfw ghprfudf| zkhuh fxuuhqwo| olylqj jhqhudwlrqv yrwh rq wkh wd{ ohyho/ d

sursrvdo wr lqfuhdvh wkh wd{ rq fdslwdo lqfrph zloo qrw eh dffhswhg1

Wkh idfwru0sulfh h�hfw ulvhv ryhu wlph dqg hyhqwxdoo| ehfrphv srvlwlyh1

Krzhyhu/ gxh wr wkh ghfuhdvh lq zdjhv/ wkh sulfh ri kxpdq fdslwdo vwurqjo|

idoov ryhu wlph1 Dv d frqvhtxhqfh ri wklv/ kxpdq zhdowk lv idu ehorz lwv rulj0

lqdo ohyho diwhu d ihz shulrgv1 Wkhuhiruh/ jhqhudwlrqv eruq vkruwo| diwhu wkh

vkrfn dovr orvh1 Ehfdxvh wkh jurzwk udwh lqfuhdvhv lq wkh orqj/ kxpdq zhdowk

hyhqwxdoo| h{fhhgv lwv ruljlqdo ohyho djdlq dqg jhqhudwlrqv eruq vx�flhqwo|

orqj diwhu wkh vkrfn jdlq1 Vlqfh wkh h�hfw rq jurzwk lv yhu| vpdoo/ wklv wdnhv

d yhu| orqj wlph/ krzhyhu1 Dv fdq eh vhhq iurp wkh �jxuh/ jhqhudwlrqv eruq

�iw| |hduv diwhu wkh vkrfn vwloo kdyh orzhu xwlolw|1

LQVHUW= ILJXUHV 6D DQG 6E
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Iljxuh 6 suhvhqwv wkh h�hfwv ri dq lqfuhdvh ri wkh wd{ rq oderu lqfrph +�
,
@

3=68 lqvwhdg ri 3158,1 Wkh +suh0wd{, zdjh udwh lqlwldoo| ulvhv/ wkrxjk wkh ulvh

lv qrw odujh hqrxjk wr suhyhqw d ghfuhdvh lq wkh diwhu wd{ zdjh udwh1 Lq wkh

frxuvh ri wlph/ wkh zdjh udwh ghfuhdvhv wr d ohyho voljkwo| ehorz lwv ruljlqdo

ohyho1 Wkh hyroxwlrq ri wkh lqwhuhvw udwh lv h{dfwo| rssrvlwh= lw lqlwldoo| idoov/

exw lw ulvhv ryhu wlph1 Wkh qhw h�hfw ri wkh fkdqjh lq idfwru sulfhv rq xwlolw| lv

srvlwlyh dw doo srlqwv lq wlph1 Frqvhtxhqwo|/ xwlolw| ri wkh roghvw jhqhudwlrqv

lqfuhdvhv li wkh wd{ rq oderu lqfrph ulvhv1 Wudqvihu zhdowk dovr lqfuhdvhv dw

doo srlqwv lq wlph gxh wr wklv wd{ lqfuhdvh1 Kxpdq zhdowk lqlwldoo| vwurqjo|

idoov/ krzhyhu1 Iru wkh fdvh ghslfwhg lq �jxuhv 6D dqg 6E +" @ 4=58, wklv

qhjdwlyh h�hfw grplqdwhv wkh srvlwlyh h�hfwv iru jhqhudwlrqv wkdw duh |rxqj

dw wkh wlph ri wkh vkrfn vr wkdw wkhvh jhqhudwlrqv orvh1 Frqvhtxhqwo|/ lq

d gluhfw ghprfudf| wkh uhvxow ri d yrwh rq d sursrvdo wr lqfuhdvh wkh wd{

rq oderu lqfrph lv dpeljxrxv1 Zkhwkhu vxfk d sursrvdo lv dffhswhg ru

qrw ghshqgv rq wkh h�hfw rq wkh xwlolw| ri wkh phgldq yrwhu/ zklfk pd| eh

srvlwlyh exw pd| dovr eh qhjdwlyh1 Dv lq wklv fdvh wkh jurzwk udwh idoov/ doo

jhqhudwlrqv eruq diwhu wkh vkrfn orvh li wkh sursrvdo lv dffhswhg1

Iru orzhu ydoxhv ri " wkh qhjdwlyh h�hfw ri wkh idoo lq kxpdq zhdowk jhwv

d vpdoohu zhljkw dqg pd| eh grplqdwhg e| wkh srvlwlyh h�hfw ri idfwru sulfhv

dqg wudqvihuv1 Li wkdw lv wkh fdvh/ doo jhqhudwlrqv fxuuhqwo| dolyh dv zhoo wkrvh

eruq vkruwo| diwhu wkh vkrfn jdlq iurp wkh wd{ lqfuhdvh1 Pruhryhu/ li " ? 4

wkh orqj0uxq jurzwk udwh lqfuhdvhv dqg kxpdq zhdowk hyhqwxdoo| ulvhv deryh
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lwv ruljlqdo ohyho1 Wkhuhiruh/ lq wkdw fdvh dovr jhqhudwlrqv eruq lq wkh glvwdqw

ixwxuh zloo jdlq iurp wkh wd{ lqfuhdvh1 Frqvhtxhqwo|/ iru orz ydoxhv ri " dq

lqfuhdvh lq wkh wd{ rq oderu lqfrph lv d Sduhwr lpsuryhphqw1

D �T|�4@* �tU@* TL*�U)

Lq wklv vhfwlrq lw lv dvvxphg wkdw wkh jryhuqphqw pd{lpl}hv wkh iroorzlqj

vrfldo zhoiduh ixqfwlrq +vhh Fdoyr dqg Revwihog/ 4<;;,=

Z +w, @

]
"

|

X+t> t,h	4E|3^� gt .

]
|

3"

X+w> t,hE4nZ�E^3|�h	4E|3^� gt +4<,

Vr lw lv dvvxphg wkdw wkh jryhuqphqw*v remhfwlyh lv wr pd{lpl}h wkh zhljkwhg

vxp ri wkh olihwlph h{shfwhg xwlolw| ri uhsuhvhqwdwlyh djhqwv iurp hdfk ri wkh
jhqhudwlrqv wr eh eruq dqg wkh h{shfwhg xwlolwlhv ryhu wkh uhvw ri wkhlu olihwlph

ri uhsuhvhqwdwlyh djhqwv ri wkrvh frkruwv fxuuhqwo| dolyh1 Lq rughu wr hqvxuh
wlph frqvlvwhqf|/ iru doo jhqhudwlrqv wklv lv phdvxuhg iurp wkh shuvshfwlyh ri
wkhlu gdwh ri eluwk1 Dowhuqdwlyho| wklv vrfldo zhoiduh ixqfwlrq fdq eh zulwwhq

dv=

Z +w, @

]
"

|
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x+f+t> s,> }+t> s,,hE4nZ3	4�ER3^�gt
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h
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Wkdw lv/ wkh vrfldo zhoiduh �rz dw wlph s lv wkh lqwhjudo ryhu doo frkruwv

ri lqvwdqwdqhrxv xwlolwlhv glvfrxqwhg e| wkh sulydwh glvfrxqw idfwru plqxv

wkh jryhuqphqw*v glvfrxqw idfwru1 Wkh lqwhjudo ryhu doo ixwxuh s ri wkhvh

zhoiduh �rzv glvfrxqwhg dw udwh � htxdov Z +w,1 Vr/ Z fdq eh lqwhusuhwhg dv

d glvfrxqwhg vxp ri vwdwlf Ehqwkdplwh vrfldo zhoiduh ixqfwlrqv1

Lq wkh vhtxho ri wklv vhfwlrq zh �uvw ghulyh wkh frppdqg rswlpxp1 Wkhq

wkh txhvwlrq zhwkhu wkh jryhuqphqw fdq uhdol}h wklv rswlpdo sodq lq d gh0

fhqwudol}hg hfrqrp| lv dqdo|}hg1

A�i UL44@?_ LT|�4�4

Wkh �uvw0rughu frqglwlrqv iru wkh frppdqg rswlpxp fdq eh ghulyhg dorqj

wkh olqhv vhw rxw e| Fdoyr dqg Revwihog1 Wkdw lv/ d wzr0vwhs surfhgxuh fdq

eh dssolhg1 Lq wkh �uvw vwhs/ wkh jryhuqphqw vroyhv wkh vwdwlf sureohp jlyhq

djjuhjdwh frqvxpswlrq ri jrrgv dqg ohlvxuh1 Wklv ohdgv wr wkh iroorzlqj

�uvw0rughu frqglwlrqv=

Cf+t> w,

Ct
@ f+t> w,+�� a�,> +54,
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C}+t> w,
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Wkhvh frqglwlrqv vkrz wkdw dq hjdolwduldq sodq xqghu zklfk doo lqglylgxdov

kdyh wkh vdph frqvxpswlrq dw dq| srlqw lq wlph uhvxowv li wkh jryhuqphqw

glvfrxqwv xwlolw| ri jhqhudwlrqv dw d udwh htxdo wr wkh udwh ri wlph suhihuhqfh

+a� @ �,1 Li wkh jryhuqphqw xvhv d kljkhu +orzhu, glvfrxqw udwh/ frqvxpswlrq

ri roghu frkruwv h{fhhgv +idoov vkruw ri, wkdw ri |rxqjhu rqhv dw dq| srlqw lq

wlph1

Lq wkh vhfrqg vwhs wkh jryhuqphqw fkrrvhv wkh djjuhjdwh frqvxpswlrq

sdwk if+s,> }+s,j"
R'|

wkdw pd{lpl}hv zhoiduh ixqfwlrq +53, vxemhfw wr wkh

uhvrxufh frqvwudlqwv dqg wkh dffxpxodwlrq ixqfwlrqv iru kxpdq fdslwdo dqg

sk|vlfdo fdslwdo1 Wkh �uvw rughu0frqglwlrqv iru wklv sureohp duh ghulyhg lq

Dsshqgl{ G1

A�i _iUi?|h@*�3i_ iUL?L4)

Fdq wkh jryhuqphqw uhdol}h wkh rswlpdo sodq lq d ghfhqwudol}hg hfrqrp|B

Wkh dqvzhu wr wklv txhvwlrq lv |hv/ surylghg wkdw wkh jryhuqphqw fdq xvh d

vx�flhqwo| ulfk vhw ri wd{hv dqg wudqvihuv1 Dv vkrzq e| Fdoyr dqg Revwihog

+4<;;,/ wkh jryhuqphqw vkrxog eh deoh wr ohy| +sd| rxw, wd{hv +wudqvihuv,

wkdw ghshqg rq dq djhqw*v ylqwdjh dv zhoo dv rq fdohqgdu wlph1 Pruhryhu/ lq

wkh prgho suhvhqwhg khuh/ wkh jryhuqphqw dovr qhhgv d vxevlg| rq kxpdq

fdslwdo1 Wklv fdq hdvlo| eh vhhq e| frpsdulqj wkh �uvw0rughu frqglwlrqv iru

wkh vhfrqg vwdjh ri wkh sodqqlqj sureohp zlwk wkh �uvw0rughu frqglwlrqv

iru sulydwh vhfwru +vhh Dsshqgl{ D dqg Dsshqgl{ G,1 Wkhvh frqglwlrqv duh

shuihfwo| dqdorjrxv li �
,
@ �

&
@ 3 dqg �

�
@

Z�

��E,�E|��
1 Wkh uhdvrq zk| wkh

jryhuqphqw qhhgv wklv dgglwlrqdo lqvwuxphqw lv wkh h{whuqdo h�hfw fdxvhg e|

wkh ROJ0vwuxfwxuh= zkhq ghflglqj krz pdq| krxuv wr ohduq lqglylgxdov gr

qrw wdnh lqwr dffrxqw wkdw wkh zhdowk ri qhz jhqhudwlrqv lv ghwhuplqhg e|

dyhudjh kxpdq zhdowk1 Wkh odujhu wklv h�hfw +wkh odujhu ", dqg wkh odujhu

wkh eluwk udwh �/ wkh kljkhu wkh rswlpdo vxevlg|1

Qrwlfh wkdw dw dq| srlqw lq wlph w wkh glvwulexwlrq ri zhdowk ryhu jhqhu0

dwlrqv olylqj dw wkdw wlph iroorzv iurp htv1 +54, dqg +55,=

Cy+t> w,

Ct
@ y+t> w,+�� a�,= +56,

Pruhryhu/ zh nqrz wkdw lqglylgxdo zhdowk jurzv ryhu wlph dw d udwh u � �

+vhh ht1 +7,, zkloh dyhudjh zhdowk jurzv dw wklv lqglylgxdo jurzwk udwh plqxv
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�+4 �
�E|c|�
�E|� , +vhh ht1 +<,,1 Iurp wklv zh fdq ghulyh wkh uhodwlrq ehwzhhq

dyhudjh zhdowk dw vrph srlqw lq wlph dqg wkh zhdowk ri dq lqglylgxdo eruq

dw wkdw wlph=

y+w> w, @
�� a�. �

�
y+w,= +57,

Vr/ li � @ a�/ wkh qhz eruq lqglylgxdo vwduwv zlwk dyhudjh zhdowk zkloh lqlwldo

zhdowk lv orzhu wkdq +h{fhhgv, dyhudjh zhdowk li wkh jryhuqphqw glvfrxqw

idfwru a� lv odujhu +vpdoohu, wkdq wkh frqvxphu*v udwh ri wlph suhihuhqfh �1

Lw iroorzv wkdw wkh ydoxh ri wudqvihuv dw wkh wlph ri eluwk ri dq lqglylgxdo lv

htxdo wr

j+w> w, @ ^
�� a�. �

�
� "M+w,`y+w,= +58,

Qrwh wkdw wklv pd| eh srvlwlyh/ l1h1 wkhuh pd| eh wudqvihuv iurp wkh rog wr

wkh |rxqj/ exw wkdw lw pd| dovr eh qhjdwlyh1 Lq wkh odwwhu fdvh/ wkhuh duh

wudqvihuv iurp wkh |rxqj wr wkh rog1

Lw vkrxog ixuwkhu eh qrwhg wkdw ht1 +57, lpsolhv wkdw �� @ u � a�1 Wkdw

lv/ rswlpdo ehkdylru ri wkh hfrqrp|*v dyhudjhv lv ghvfulehg e| wkh vwdqgdug

Hxohu htxdwlrq wkdw lv zhoo nqrzq iurp wkh Fdvv0Nrrspdqv0Udpvh| rswlpdo

jurzwk dqdo|vlv1 Wkh uhohydqw glvfrxqw udwh lv/ krzhyhu/ wkh udwh dw zklfk

wkh jryhuqphqw glvfrxqwv wkh xwlolw| ri ixwxuh jhqhudwlrqv lqvwhdg ri wkh

sulydwh udwh ri wlph suhihuhqfh1�D

S �L?U*�_�?} hi4@h!t

Wklv sdshu dqdo|}hg wkh h�hfwv ri �vfdo srolf| lq d prgho zklfk lv d v|qwkh0

vlv ri wkh Eodqfkdug0\ddul lq�qlwh0krul}rq ROJ0prgho dqg wkh Oxfdv0X}dzd

prgho ri hqgrjhqrxv jurzwk1 Oderu vxsso| zdv hqgrjhql}hg xvlqj vr fdoohg

Ehfnhu0suhihuhqfhv1 Lw zdv vkrzq wkdw d wd{ rq fdslwdo lqfrph lqfuhdvhv

orqj0uxq jurzwk dqg wkdw wkh vdph pd| krog iru d wd{ rq oderu lqfrph1

Wkh iruphu uhvxow fdq eh ylhzhg dv d jhqhudol}dwlrq ri Ehuwrod +4<<9,1 Wkh

idfw wkdw d wd{ rq oderu lqfrph pd| dovr lqfuhdvh jurzwk lv ohvv idploldu1 Wklv

uhvxow klqjhv rq wkuhh idfwruv1 Iluvwo|/ wkh ROJ0vwuxfwxuh lv hvvhqwldo eh0

fdxvh wkdw lpsolhv wkdw wkh jurzwk udwh ghshqgv rq wkh dyhudjh frpsrvlwlrq

ri zhdowk1 Vhfrqgo|/ wkh dvvxpswlrq ri d vwurqj vxevwlwxwlrq ri +uhodwlyho|

oderu lqwhqvlyh, lqirupdo surgxfwlrq +cohlvxuh*, iru irupdo surgxfwlrq zkhq

qhw zdjhv idoo lv ylwdo/ dv wklv fdxvhv d vkliw lq wkh zhdowk sruwirolr iurp

�D5ii �@*�L @?_ �Mt|ui*_ E�bHH��
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kxpdq zhdowk wr �qdqfldo zhdowk1 Wklv pd| eh d uhdvrqdeoh dvvxpswlrq

iru pdq| frxqwulhv/ hvshfldoo| lq wkh orqj uxq1 Ilqdoo|/ wkh vwrfn ri kxpdq
fdslwdo ri qhz0eruq jhqhudwlrqv vkrxog qrw eh wrr kljk frpsduhg wr wkh

dyhudjh ohyho ri kxpdq fdslwdo1 Lq sduwlfxodu/ d vx�flhqw frqglwlrq iru dq
lqfuhdvh lq wkh wd{ rq oderu lqfrph wr vwlpxodwh jurzwk lv wkdw wkh lqlwldo

vwrfn ri kxpdq fdslwdo grhv qrw h{fhhg wkh dyhudjh vwrfn1
Qxphulfdo vlpxodwlrqv vkrzhg wkdw/ iru uhdvrqdeoh sdudphwhu ydoxhv/ wkh

h�hfw ri �vfdo srolf| rq orqj0uxq jurzwk lv txlwh prghvw1 Vr wd{ srolf| lv
qrw d yhu| h�hfwlyh lqvwuxphqw wr d�hfw orqj0uxq jurzwk1 Wklv frqfoxvlrq
lv lq olqh zlwk wkh uhvxowv ri Phqgr}d hw do1 +4<<:,1 D vxevlg| rq kxpdq

fdslwdo lv pxfk pruh h�hfwlyh lq vwlpxodwlqj jurzwk1
Lq rughu wr dqdo|}h wkh zhoiduh h�hfwv ri �vfdo srolf|/ lw lv qrw vx�flhqw

wr orrn dw wkh h�hfwv rq orqj0uxq jurzwk1 Wkh h�hfw ri fkdqjhv lq wd{hv
ru vxevlglhv rq wkh zhoiduh ri wkh gl�huhqw jhqhudwlrqv gxulqj wkh shulrg

ri wudqvlwlrq wr wkh qhz edodqfhg jurzwk sdwk vkrxog dovr eh wdnhq lqwr
dffrxqw1 Wklv zdv grqh xvlqj qxphulfdo vlpxodwlrq h{shulphqwv1 Wkhvh

h{shulphqwv ohduqhg wkdw dq lqfuhdvh lq wkh wd{ rq fdslwdo lqfrph kdupv
prvw jhqhudwlrqv1 Rqo| jhqhudwlrqv eruq lq wkh glvwdqw ixwxuh vhh wkhlu

zhoiduh lqfuhdvh1 Wkhuhiruh/ lq d gluhfw ghprfudf| zkhuh fxuuhqwo| olylqj
jhqhudwlrqv yrwh rq wkh wd{ ohyho/ vxfk dq wd{ lqfuhdvh zloo qrw eh dffhswhg1
Lq frqwudvw/ wkh rxwfrph ri d yrwh rq d sursrvdo wr lqfuhdvh wkh wd{ rq

oderu lqfrph lv dpeljxrxv1 Wkh uhdvrq iru wklv lv wkdw rog jhqhudwlrqv jdlq
zkloh |rxqj jhqhudwlrqv pd| orvh1 Krzhyhu/ li wkh ohyho ri kxpdq fdslwdo

ri qhz0eruq jhqhudwlrqv lv orzhu wkdq wkh dyhudjh ohyho udlvlqj wkh wd{ lq
oderu lqfrph pd| eh Sduhwr lpsurylqj1 Wkdw lv/ doo fxuuhqw dv zhoo dv ixwxuh

jhqhudwlrqv pd| jdlq iurp lw1 Wkh sdwwhuq ri zhoiduh h�hfwv wkdw dulvh zkhq
d vxevlg| rq kxpdq fdslwdo lv lqwurgxfhg lv dovr ghshqghqw rq wkh lqlwldo ohyho

ri kxpdq fdslwdo1 Jhqhudwlrqv eruq vkruwo| ehiruh ru diwhu wkh vkrfn pd|
orvh zkhq qhz jhqhudwlrqv vwduw zlwk uhodwlyho| odujh ohyhov ri kxpdq fdslwdo1

Lqwurgxfwlrq ri vxfk d vxevlg| ohdgv wr d Sduhwr lpsuryhphqw krzhyhu/ li
wkh lqlwldo ohyho ri kxpdq fdslwdo lv odujhu wkdq wkh dyhudjh ohyho1 Wkh odwhu
uhvxow fdq eh ylhzhg dv d jhqhudol}dwlrq ri wkh uhvxow ri Vdlqw0Sdxo +4<<5,

wr d wzr0vhfwru jurzwk prgho1
Diwhu wklv srvlwlyh dqdo|vlv d qrupdwlyh dqdo|vlv zdv suhvhqwhg1 Lw zdv

vkrzq wkdw zkhq d vrfldo zhoiduh ixqfwlrq dv lqwurgxfhg e| Fdoyr dqg Re0
vwihog +4<;;, lv wr eh pd{lpl}hg/ d vxevlg| rq kxpdq fdslwdo lv d qhfhvvdu|

lqvwuxphqw lq rughu wr eh deoh wr uhsolfdwh wkh frppdqg rswlpxp lq d pdu0
nhw hfrqrp|1 Wklv lv gxh wr wkh idfw wkdw qhz jhqhudwlrqv vwduw zlwk d ohyho

ri kxpdq fdslwdo sursruwlrqdo wr wkh dyhudjh/ zklfk fdxvhv dq h{whuqdo hi0
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ihfw1 Wd{hv rq fdslwdo lqfrph ru oderu lqfrph duh qrw xvhg lq dq rswlpdo

srolf| krzhyhu/ surylghg wkh jryhuqphqw lv deoh wr xvh wlph dqg djh ghshq0
ghqw oxps0vxp wudqvihuv1 Lq uhdolw|/ wkh jryhuqphqw grhv qrw kdyh vxfk d

ulfk vhw ri lqvwuxphqwv1 Lq wkdw fdvh/ wkhuh pd| eh d uroh iru wd{hv rq oderu
dqg fdslwdo lqfrph1 Lw zrxog eh lqwhuhvwlqj wr vhh zkdw wkh rswlpdo srolf|

zlwk d pruh olplwhg vhw ri lqvwuxphqwv zrxog eh/ exw wklv pd| eh d udwkhu
gl�fxow txhvwlrq wr dqvzhu1

+iuihi?Uit

Dxhuedfk/ D1M1 +4<:<, Wkh rswlpdo wd{dwlrq ri khwhurjhqhrxv fdslwdo/ Txdu0

whuo| Mrxuqdo ri Hfrqrplfv/ Yro1 <6/ ss1 8;<09451

Eduur/ U1M1 dqg [1 Vdod0l0Pduwlq +4<<8,/ Hfrqrplf jurzwk/ PfJudz0Kloo1

Ehfnhu/ J1V1 +4<98,/ D wkhru| ri wkh doorfdwlrq ri wlph/ Hfrqrplf Mrxuqdo/

Yro1 :8/ ss1 7<6084:1

Ehuwrod/ J1 +4<<9,/ Idfwru vkduhv lq ROJ prghov ri hfrqrplf jurzwk/ Hx0

urshdq Hfrqrplf Uhylhz/ Yro173/ ss14874048931

Eodqfkdug/ R1M1 +4<;8,/ Ghewv/ gh�flwv dqg �qlwh krul}rqv/ Mrxuqdo ri Sr0

olwlfdo Hfrqrp|/ Yro1 <6/ ss1 556057:1

Eryhqehuj/ D1O1 dqg F1 Ydq Hzlmn +4<<:,/ Surjuhvvlyh wd{hv/ htxlw|/ dqg

kxpdq fdslwdo dffxpxodwlrq lq dq hqgrjhqrxv jurzwk prgho zlwk ryhuods0

slqj jhqhudwlrqv/ Mrxuqdo ri Sxeolf Hfrqrplfv/ Yro1 97/ ss148604:<

Fdoyr/ J1D1 dqg P1 Revwihog +4<;;,/ Rswlpdo wlph0frqvlvwhqw �vfdo srolf|

zlwk �qlwh olihwlphv/ Hfrqrphwulfd/ Yro1 89/ ss1 74407651

Fkdpoh|/ F1 +4<<6,/ H{whuqdolwlhv dqg g|qdplfv lq prghov ri %ohduqlqj ru

grlqj%/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ Yro1 67/ ss1 405:1

Ihogvwhlq/ P1 +4<:;,/ Wkh zhoiduh frvwv ri fdslwdo lqfrph wd{dwlrq/ Mrxuqdo

ri Srolwlfdo Hfrqrp|/ Yro1;9/ ss1 V5<0V84

Kd|dvkl/ I1 +4<;5,/ Wrelq*v pdujlqdo t dqg dyhudjh t= d qhrfodvvlfdo lqwhu0

suhwdwlrq/ Hfrqrphwulfd/ Yro1 83/ ss1 54605571

Mrqhv/ O1H1 dqg U1 Pdqxhool +4<<5,/ Ilqlwh olihwlphv dqg jurzwk/ Mrxuqdo ri

Hfrqrplf Wkhru|/ Yro1 8;/ ss1 4:404<:1

Nlqj U1J1/ F1L1 Sorvvhu dqg V1 Uhehor +4<;;,/ Surgxfwlrq/ jurzwk dqg exvl0

qhvv f|fohv= L1 Wkh edvlf qhrfodvvlfdo prgho/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/

Yro1 54/ 4<805651

Oxfdv/ U1H1 +4<;;,/ Rq wkh phfkdqlfv ri hfrqrplf ghyhorsphqw/ Mrxuqdo ri

Prqhwdu| Hfrqrplfv/ Yro1 55/ ss1 60751

Oxfdv/ U1H1 +4<<3,/ Vxsso|0vlgh hfrqrplfv= dq dqdo|wlfdo uhylhz/ R{irug
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Hfrqrplf Sdshuv/ Yro1 75/ ss1 5<606491

Phqgr}d/ H1J1/ J1P1 Plohvl Ihuhwwl dqg S1 Dvhd +4<<:,/ Rq wkh lqh�hfwlyh0

qhvv ri wd{ srolf| lq dowhulqj orqj0uxq jurzwk= Kduehujhu*v vxshu qhxwudolw|

frqmhfwxuh/ Mrxuqdo ri Sxeolf Hfrqrplfv/ Yro1 99/ ss1 <<04591

Plohvl Ihuuhwwl/ J1 dqg Q1 Urxelql +4<<9,/ Rq wkh wd{dwlrq ri kxpdq dqg

sk|vlfdo fdslwdo lq prghov ri hqgrjhqrxv jurzwk/ FHSU Glvfxvvlrq Sdshu/

Qr1 47::1

Shfrulqr/ S1 +4<<6,/ Wd{ vwuxfwxuh dqg jurzwk lq d prgho zlwk kxpdq fds0

lwdo/ Mrxuqdo ri Sxeolf Hfrqrplfv/ Yro1 85/ ss1 58405:41

Vwrnh|/ Q1O1 dqg V1 Uhehor +4<<8,/ Jurzwk h�hfwv ri �dw0udwh wd{hv/ Mrxuqdo

ri Srolwlfdo Hfrqrp|/ Yro1 436/ ss184<08831

Vdlqw0Sdxo/ J1 +4<<5,/ Ilvfdo srolf| lq dq hqgrjhqrxv jurzwk prgho/ Txdu0

whuo| Mrxuqdo ri Hfrqrplfv/ Yro1 439/ ss1 45760458<1

Xkolj/ K1 dqg Q1 \dqdjdzd +4<<9,/ Lqfuhdvlqj wkh fdslwdo lqfrph wd{ ohdgv

wr idvwhu jurzwk/ Hxurshdq Hfrqrplf Uhylhz/ Yro 73/ ss 4854048731
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Lq wklv dsshqgl{ wkh �uvw0rughu frqglwlrqv iru wkh frqvxphu*v rswlpl}dwlrq

sureohp duh suhvhqwhg1 Wkh rswlpl}dwlrq sureohp lv=

pd{

f> os > o�
X+w> v, @

]
"

|

x +f+s> v,> }+s> v,, hE4nZ�E|3R� gs>

v=w= x +f+w> v,> }+w> v,, @ oqi^+4� �,f+w> v,
Ej3��
j . �}+w> v,

Ej3��
j `

j

Ej3�� j>

}+w> v, @ ^4� o�+w> v,� os +w> v,`k+w> v,>

bys +w> v, @ ^u+w, . �`ys +w> v,� f+w> v, . z?+w,os +w> v,k+w> v,

.��z?+w,k+w> v, . e+w,>
bk+w> v, @ !+o�+w> v,,k+w> v,=

Wkh �uvw0rughu frqglwlrqv iru wklv sureohp duh=

xS+w> v, @ ��+w> v,>

x5+w> v, @ �2+w> v,!�+o�+w> v,,>

��+w> v,z?+w, @ �2+w> v,!�+o�+w> v,,>

b��+w> v, @ ��+w> v,+�� u+w,,>

b�2+w> v, @ ^�. � � !+o�+w> v,,� +4� o
�+w> v, . �

�,!�+o�+w> v,,`�2+w> v,>

zkhuh ��dqg �2 ghqrwh wkh vkdgrz sulfhv ri sk|vlfdo fdslwdo dqg kxpdq

fdslwdo/ uhvshfwlyho|1 Gh�qh t+w> v, dv wkh pdujlqdo ydoxh ri kxpdq fdslwdo

lq whupv ri frqvxpswlrq jrrgv=

t+w> v, �
�2+w> v,

��+w> v,
@

z?+w,

!�+o�+w> v,,
>

zkhuh z
?
� +4 � �

,,z ghqrwhv wkh uhdo diwhu0wd{ zdjh udwh shu h�flhqf|

xqlw dqg �
�
d vxevlg| rq kxpdq fdslwdo

�S
1 Iurp wkh �uvw0rughu frqglwlrqv

lw iroorzv wkdw=

bt+w> v, @ ^u+w, . � � !+o�+w> v,,� +4� o�+w> v, . ��,!�+o�+w> v,,`t+w> v,=

�S6Lh UL?�i?�i?Uic |��t t�Mt�_) �t _i�?i_ Tih �?�| Lu �?UL4i uhL4 ��4@? U@T�|@*� 5L

|�i t�Mt�_) uLh @? �?_����@* �t �
��?E|��E|c r�
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Lw fdq hdvlo| eh vkrzq
�.

wkdw wkh pdujlqdo ydoxh ri kxpdq fdslwdo htxdov

wkh dyhudjh ydoxh ri kxpdq zhdowk/ l1h1 t+w> v, @
�E|cr�
�E|cr� =

Ohw {+w> v, eh wkh ydoxh dw wlph w ri d yduldeoh iru d frqvxphu eruq dw

wlph v1 Wkh fruuhvsrqglqj djjuhjdwh ru dyhudjh yduldeoh lv wkhq gh�qhg dv

{+w, �
U

|

3"
{+w> t,�hE^3|�Z gt1

�TTi?_� �G �L4T@h@|��i t|@|�Ut

Lq wklv dsshqgl{ zh suhvhqw wkh prvw lpsruwdqw uhvxowv ri wkh frpsdudwlyh

vwdwlfv dqdo|vlv1

� t�Mt�_) L? ��4@? U@T�|@*

E| gl�huhqwldwlqj htv1 +4,/ +5,/ +44,/ +45, dqg +46,/ lw fdq hdvlo| eh ghulyhg

wkdw=

g o
�

g ��
@

4 .�

�
A 3>

zkhuh � @ �N^
�

"EsE��3D� �
�3�

,

�E�nb�
_ b

�
?

` A 3 dqg

� @ 4� +4 .�,
���E,��
��E,��

+4� o
� . �

�, . Zg
sE��3D

A 3 1 Ixuwkhupruh wklv jlyhv=

g �

g ��
@

g o�

g ��
!�
+o�, A 3>

g u

g ��
@

!�
+o�,+4. Zg

sE��3D ,

�
A 3>

g N

g ��
@

��E,��
Z

+ Zg
s3D

��,

�
? 3=

� |@ L? U@T�|@* �?UL4i

Wkh orqj0uxq h�hfwv ri wd{ rq fdslwdo lqfrph duh jlyhq e|=

g �

g �&
@

�u

+4� �&,�
A 3>

�.A��t hit�*| U@? Mi _ih��i_ @?@*L}L�t |L _ih��@|�L? Lu |�i �i**�!?L�? hit�*| |�@| �4@h�

}�?@* "< UL�?U�_it ��|� �ALM�?<t E@�ih@}i� "< �? O@)@t�� E�bH2��
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g o�

g �&
@

_ D

_ �&

!�+o�,
A 3>

g u

g �&
@

g �

g �&
+4� o

�
. w�,

!��+o�,

!�+o�,
� 3>

g N

g �&
@

_ o

_ �&
�

_ D

_ �&

�

? 3=

� |@ L? *@MLh �?UL4i

Wkh h�hfw ri d fkdqjh lq wkh wd{ lq oderu lqfrph rq jurzwk lv=

g �

g � ,
@

Zg�

�nb

_ b

_ �
?

�
=

� |@ t��u| uhL4 U@T�|@* �?UL4i |L *@MLh �?UL4i

Lw lv dvvxphg wkdw wkh wkh jryhuqphqw exgjhw lv frqvwdqw=

g^� ,cz . �&+i+c,� cz,` @ 3=

Pruhryhu/ lw lv dvvxphg wkdw ohduqlqj whfkqrorj| lv olqhdu1 Wklv lpsolhv

wkdw wkh orqj0uxq lqwhuhvw udwh grhv qrw fkdqjh +vhh ht1 +44,,1 Wkhuhiruh/ lw

iroorzv wkdw=

g �
&
@ �

cz

+i+c,� cz,+4 . �,
g � �>

zkhuh � � �
&

E�3�
&�
.

�
,E�3"�

"E�3�
&�

ghqrwhv wkh h�hfw ri wkh wd{ vkliw rq wkh wd{ edvh1

Xvlqj wklv htxdwlrq/ lw fdq hdvlo| eh ghulyhg wkdw=

g �

g � ,
@

��Nz

+4 . �,�+4 . �,

�
+� ,
. �,

g�

gz
.

c+4 . �,

�+i+o,� �,

�
=

�TTi?_� �G A�i �i*u@hi igiU|t Lu �tU@* TL*�U)

Wkh h�hfw ri d fkdqjh lq �vfdo srolf| dw wlph w@3 rq uhpdlqlqj olihwlph

xwlolw| ri wkh jhqhudwlrqv olylqj dw wkdw wlph fdq eh ghvfulehg e|=

gX+3> v,

g�
@

gXo+3,

g�
.

gX�+3,

g�
.

4

+� . �,y+3> v,

gy+3> v,

g�
> v � 3>
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zkhuh=

X�+w, �
]
"

|

ioq^
�. �

4 . �+v,
` .

�

� � 4
oq^4� � . �

+�+v,

z?+v,,

j3�

j

`jh3E4nZ�Er3|�gv>

ghqrwhv wkh h�hfw ri wkh wlphsdwk ri zdjhv rq xwlolw| iru d jlyhq ohyho ri

zhdowk dqg=

Xo+w, �

]
"

|

]
r

|

+u+s,� �,gs h3EZn4�Er3|�gv>

vwdqgv iru wkh h�hfw ri wkh wlphsdwk ri wkh lqwhuhvw udwh rq xwlolw| iru d jlyhq

ohyho ri zhdowk1

�TTi?_� #G A�i UL44@?_ LT|�4�4

Wklv dsshqgl{ ghulyhv wkh �uvw0rughu frqglwlrqv iru wkh vhfrqg vwdjh ri wkh

wzr0vwhs surfhgxuh wr ghulyh wkh frppdqg rswlpxp +vhh Vhfwlrq 8,1 Gh�qh

wkh lqgluhfw xwlolw| ixqfwlrq=

ax+f+w,> }+w,, @ pd{
tSE^c|�c5E^c|��|

^'3"

]
|

3"

x+f+t> w,> }+t> w,,hE4nZ3	4�ER3^�gt

vxemhfw wr=

]
|

3"

f+t> w,q+w> t, gt � f+w,>

]
|

3"

}+t> w,q+w> t, gt � }+w,>

Wkhq wkh vhfrqg0vwdjh sodqqlqj sureohp ehfrphv rqh ri pd{lpl}lqj=

Z +w, @

]
"

|

ax+f+w,> }+w,,h3	4ER3|� gs

vxemhfw wr=

bn+w, @ n+w,i+c+w,,� f+w,>

bk+w, @ !+o�+w,,k+w, . �"� �>

}+w, . o+w, @ +4� o�+w,,k+w,>

c+w, @ o+w,@n+w,=
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Wkh jryhuqpphqw kdv wkh lqvwuxphqwv= djjuhjdwh frqvxpswlrq f/ djjuhjdwh

oderu vxsso| lq h�flhqf| xqlwv o dqg +djjuhjdwh, ohduqlqj wlph�H o
�1 Wklv

ohdgv wr wkh �uvw0rughu frqglwlrqv=

axS+w, @ a��+w,>

ax5+w, @ a�2+w,!�+o�+w,,>

ax5+w, @ a��+w,i�+c+w,,>

a��+w, @ a��+w,^a�� i+c+w,,� c+w,i�+c+w,,`>

a�2+w, @ a�2+w,^a�� !+o�+w,,� +4� o
�+w,,!�+o�+w,, . +4� ",�`>

zkhuh a��dqg a�2 duh whk vkdgrzsulfhv ri sk|vlfdo fdslwdo dqg kxpdq fdslwdo/

uhvshfwlyho|1 Wkh frqglwlrqv iru wkh �uvw vwdjh dqg wkh vhfrqg vwdjh ri wkh

rswlpl}dwlrq surfhgxuh fdq eh olqnhg e| qrwlqj wkdw lq wkh rswlpxp=

xS+f+w> w,> }+w> w,, @ axS+f+w,> }+w,,>

x5+f+w> w,> }+w> w,, @ ax5+f+w,> }+w,,=

�H�t @** �?_���_�@*t *i@h? |�i t@4i ?�4Mih Lu �L�ht @?_ |�i TLT�*@|�L? t�3i �t ?Lh4@*�3i_
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Figure 1A
A subsidy on human capital
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Figure 1B
A subsidy on human capital
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Figure 2A
A tax on capital income
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Figure 2B
A tax on capital income
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Figure 3A
A tax on labor income
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Figure 3B
A tax on labor income
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