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4 Lqwurgxfwlrq

Uhfhqw sdshuv e| Odlevrq +4<<9/ 4<<:/ 4<<;, dqg rwkhuv kdyh dujxhg lq idyru ri xvlqj
d k|shuerolf glvfrxqw ixqfwlrq iru frqvxphuv 0 lq frqwudvw wr wkh wudglwlrqdo h{srqhq0
wldo glvfrxqw ixqfwlrq1 Wkh k|shuerolf glvfrxqwlqj ixqfwlrq doorzv iru wkh vxjjhvwlrq e|
Vwurw} +4<89, wkdw glvfrxqw udwhv duh kljkhu lq wkh vkruw0uxq wkdq lq wkh orqj0uxq41 Wkh
k|shuerolf vshfl�fdwlrq kdv wzr dgydqwdjhv= �uvw ri doo hpslulfdo hylghqfh vkrzv wkdw
frqvxphuv dfwxdoo| ehkdyh lq wklv wlph0lqfrqvlvwhqw pdqqhu/ dqg vhfrqgo|/ dffruglqj wr
+Odlevrq/ 4<<;, wkh prgho vhhpv wr eh deoh wr h{sodlq vrph dqrupdolhv wkdw fdqqrw eh
h{sodlqhg e| wkh vwdqgdug olih0f|foh prgho zlwk frqvxphuv zlwk h{srqhqwldo glvfrxqw
idfwruv1

Wklv sdshu grhv qrw suhvhqw hylghqfh lq idyru ri hlwkhu ri wkh wzr prghov/ exw wulhv wr
frpsduh wkhp e| phdqv ri srolf| h{shulphqwv1 Wklv phdqv frpsdulqj vlpxodwlrqv ri
ixqgdphqwdo fkdqjhv lq wkh wd{ edvh/ dv zhoo dv pruh pdujlqdo h{shulphqwv frpsdulqj
wkh h{fhvv exughq ri wd{dwlrq1 Lq d vhqvh wklv lv wkh xowlpdwh whvw ri lpsruwdqfh= li vlplodu
srolf| h{shulphqwv vkrz doprvw lghqwlfdo uhvxowv lq d prgho zlwk dqg zlwkrxw k|shuerolf
glvfrxqwlqj/ wklv lqglfdwhv wkdw wkh jhqhudo iudphzrun lv uhodwlyho| urexvw1 Li rq wkh rwkhu
kdqg uhvxowv duh pdunhgo| gl�huhqw lq wkh wzr vlwxdwlrqv/ wkhq ixuwkhu lqyhvwljdwlrqv duh

�Lqvwlwxwh ri Hfrqrplfv/ Xqlyhuvlw| ri Frshqkdjhq1 Vwxglhvwuégh 9/ GN04788 Frshqkdjhq/ Ghqpdun1
H0pdlo= wrnh1zdug1shwhuvhqChfrq1nx1gn

4Wkh h{dpsoh iurp Wkdohu +4<;4, h{sodlqv wkh lghd fohduo|= �Zkhq wzr uhzdugv duh erwk idu dzd| lq
wlph/ ghflvlrq0pdnhuv dfw uhodwlyho| sdwlhqwo| +h1j1/ L suhihu wzr dssohv lq 434 gd|v udwkhu wkdq 4 dssoh lq
433 gd|v,1 Exw zkhq erwk uhzdugv duh eurxjkw iruzdug lq wlph/ suhihuhqfhv h{klelw d uhyhuvdo/ uh hfwlqj
pxfk pruh lpsdwlhqfh +L suhihu rqh dssoh qrz/ udwkhu wkdq wzr wrpruurz,1� +txrwhg iurp Dqjhohwrv/
Odlevrq/ Uhshwwr/ Wredfpdq dqg Zhlqehuj +5333/ s1 8,,
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qhhghg wr ghwhuplqh zkhwkhu wkh frqvxphuv* glvfrxqw idfwruv duh lq idfw k|shuerolf 0 dqg
lq d!updwlyh fdvh wklv vkrxog fkdqjh wkh vkdsh ri dssolhg pdfurhfrqrplf prgholqj1

Zk| zrxog zh h{shfw wkdw gl�huhqw uhvxowv wr eh rewdlqhg lq wkh wzr fdvhvB Fohduo|
frqvxphu ehkdylru gl�huv lq wkh wzr prghov1 Iluvw ri doo wkh frqvxphu*v vdylqjv ehkdylru
lv vljql�fdqwo| gl�huhqw= frqvxphuv zkrvh glvfrxqw idfwruv duh h{srqhqwldo kdyh kljkhu
vdylqjv ryhu wkh olih f|foh/ zkhuhdv wkh k|shuerolf frqvxphuv duh ohvv sdwlhqw dqg jhw
whpswhg wr frqvxph pruh dqg vdyh ohvv1 Wklv ixqgdphqwdoo| gl�huhqw vdylqjv ehkdylru
wxuqv rxw wr eh lpsruwdqw iru xqghuvwdqglqj wkh gl�huhqfhv1 Vhfrqgo| oderu vxsso| ryhu
wkh olih f|foh gl�huv= wkh h{srqhqwldoo| glvfrxqwlqj frqvxphuv uhwluh hduo| dqg xvh vdylqjv
wr �qdqfh wkhlu frqvxpswlrq gxulqj wkh uhwluhphqw skdvh/ zkhuhdv wkh k|shuerolf frq0
vxphuv kdyh ohvv vdyhg iru uhwluhphqw/ dqg hqg xs zrunlqj pruh +l1h1 zrun pruh krxuv
dqg uhwluh odwhu,1 Wkhuhiruh wd{dwlrq ri oderu lqfrph kdyh gl�huhqw frqvhtxhqfhv iru wkh
wzr w|shv ri frqvxphuv/ vlqfh wkh| kdyh gl�huhqw oderu vxsso| ehkdylru1

Wklv sdshu frpsduhv wkh wzr w|shv ri suhihuhqfhv xvlqj d vxlwdeo| prgl�hg vwdqgdug
Jhqhudo Htxloleulxp prgho ã od Dxhuedfk dqg Nrwolnr� +4<;:,1 Ryhuodsslqj jhqhudwlrqv
ri frqvxphuv idfh d frqvxpswlrq2vdylqjv dqg dq hqgrjhqrxv oderu vxsso| ghflvlrq lq hdfk
shulrg ri wkhlu olyhv1 Wkh frqvxphuv olyh iru 88 shulrgv dqg gr qrw idfh xqfhuwdlqw|1 Wkh
jryhuqphqw vhfwru ohylhv wd{hv rq lqfrph dqg xvh wkh uhyhqxh iru sxeolf h{shqglwxuhv1
Wkh surgxfwlrq vlgh lv vwdqgdug= �upv surgxfh xvlqj fdslwdo dqg oderu dffruglqj wr d
frqvwdqw uhwxuq wr vfdoh whfkqrorj|1

Wkh frqwulexwlrq ri wklv sdshu lv �uvw ri doo wkdw wkh dqdo|vlv lv fduulhg rxw lq jhqhudo
htxloleulxp/ dv rssrvhg wr suhylrxv sduwldo htxloleulxp zrun1 Vhfrqgo|/ wkh prgho lqwur0
gxfhv dq hqgrjhqrxv oderu vxsso| ghflvlrq 0 dq dgglwlrq zklfk zloo lq xhqfh wkh jhqhudo
htxloleulxp vlpxodwlrqv1 Wklugo|/ wkh shuvshfwlyh ri wkh sdshu lv qhz= suhylrxv zrun
kdv qrw irfxvhg rq zkhwkhu frqyhqwlrqdo zlvgrp iurp wkh vwdqgdug prgho dovr krogv li
frqvxphuv duh k|shuerolf/ exw wklv lpsruwdqw wrslf lv lq irfxv khuh1

Wkh vlpxodwlrqv vkrz wkdw wkh dqvzhu wr wkh txhvwlrq gr k|shuerolf suhihuhqfhv pdwwhuB
lv qrw fohdu 0 lw ghshqgv rq wkh �ghjuhh ri k|shuerolfqhvv�1 Iru vshfl�fdwlrqv forvh wr wkh
vwdqgdug prgho/ wkh uhvxowv gr qrw fkdqjh wrr pxfk1 Exw li wkh �ghjuhh ri k|shuerolfqhvv�
lv odujh/ wkhq wkh uhfrpphqgdwlrqv edvhg rq wkh prgho pd| fkdqjh 0 dqg frqyhqwlrqdo
zlvgrp grhv qrw krog lq doo fdvhv1

5 Prgho

Wklv vhfwlrq ghvfulehv wkh prgho xvhg1 Rq sxusrvh wkh prgho lv nhsw vlpsoh/ dqg rqo| wkh
frqvxphu vlgh gl�huv iurp wkh xvxdo vhw0xs +Dxhuedfk dqg Nrwolnr�/ 4<;:,1

514 Frqvxphuv

Wkh frqvxphu*v wlph0lqfrqvlvwhqw suhihuhqfhv xvhg duh prghoohg dorqj wkh olqhv ri Skhosv
dqg Sroodn +4<9;,1 Frqvxphuv olyh 88 shulrgv/ dqg wkhlu suhihuhqfhv fkdqjh hdfk shulrg
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lq d pdqqhu vxfk wkdw dq lqglylgxdo zlwk wkh djh � kdv wkh xwlolw| ixqfwlrq

L� '
�

�� �

�

5
7�E�3�*��

�
n q

DD[
|'�n�

E� n B�3E|3�� �E�3�*��
|

6
8 +4,

zkhuh xwlolw| iurp wkh fxuuhqw shulrg lv qrw glvfrxqwhg/ dqg doo ixwxuh xwlolw| lv glvfrxqwhg
erwk e| wkh xvxdo jhrphwulf vhulhv jlyhq e| E� n B�3E|3�� dqg wkh frqvwdqw q� Wkhvh glv0
frxqwhg xwlolwlhv duh djjuhjdwhg xvlqj d FHV lqgh{ zkhuh wkh lqwhuwhpsrudo hodvwlflw| ri
vxevwlwxwlrq iru wkh krxvhkrog lv jlyhq e| �1

Lq hdfk shulrg wkh xwlolw| lv jlyhq e| wkh dqqxdo xwlolw| ixqfwlrq �|/ zklfk lv d ixqfwlrq
ryhu frqvxpswlrq dqg ohlvxuh dqg gh�qhg e| wkh FHV lqgh{

�| '
k
SE�3�*4�
|

n k E�� ,|�
E�3�*4�

l
�*E�3�*4�

zkhuh S| lv frqvxpswlrq lq shulrg |/ ,| lv oderu vxsso| lq shulrg |/ dqg zkhuh k uhsuhvhqwv
wkh krxvhkrog*v suhihuhqfhv iru ohlvxuh uhodwlyh wr frqvxpswlrq/ dqg zkhuh 4 lv wkh hodvwlflw|
ri vxevwlwxwlrq ehwzhhq ohlvxuh dqg frqvxpswlrq1

Wkh ghjuhh ri wlph0lqfrqvlvwhqf| lq +4, ghshqgv rq wkh vl}h ri q1 Zkhq q ' � wkh prgho
uhgxfhv wr wkh vwdqgdug wlph0frqvlvwhqw fdvh zkhuh glvfrxqwlqj rffxuv jhrphwulfdoo|1 Vlqfh
rswlpdo vroxwlrq wr wkh frqvxphu*v sureohp lv frqvlvwhqw wkh sureohp qhhgv rqo| wr eh
vroyhg rqfh= dw wkh �uvw shulrg1 Zkhq q 	 � wkh frqvxphu*v fkrlfhv dw gl�huhqw djhv duh
qrw frqvlvwhqw= zkhq wkh frqvxphu vroyhv klv sureohp lq wkh �uvw shulrgv kh pdnhv ixwxuh
sodqv wkdw kh vxevhtxhqwo| zloo zdqw wr dowhu51 Iru wklv uhdvrq wkh frqvxphu*v sureohp
qhhgv wr eh vroyhg qrw rqo| dw wkh �uvw shulrg/ exw uhvroyhg hdfk |hdu1

Wkh lpsdfw ri q rq wkh glvfrxqw whup q E� n B�3E|3�� lv vkrzq ehorz1 Wkh �jxuh vkrzv
zkdw wkh glvfrxqw idfwru orrnv olnh iru dq lqglylgxdo djhg 4 +dw wlph 4,/ lq wkh vlwxdwlrq
zkhuh q ' �c q ' f�H dqg q ' f�S +lq doo fdvhv B ' f�fD,1
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Geometric

Quasi hyperbolic: 0.8

Quasi hyperbolic: 0.6

Iljxuh 41 Ryhudoo glvfrxqw idfwruv iru ydulrxv ydoxhv ri q
5Lq wkh vhqvh ri Dqjhohwrv hw do1 +5333, wkh djhqwv duh qdlyh/ dqg pdnh fxuuhqw ghflvlrqv edvhg rq wkh

rswlplvwlf eholhi wkdw wkh| odwhu zloo iroorz wkh fxuuhqw ghflvlrq1 Lq frqwudvw wr wklv vwdqgv wkh vrsklvwlfdwhg
djhqw wkdw iruhvhhv wkdw kh odwhu zloo zdqw wr ghyldwh iurp wkh fxuuhqw sodq1 Dq djhqw ri wkh odwwhu w|sh
zloo wkhuhiruh vhhn wr olplw klv odwhu dfwlrqv e| sodflqj vdylqjv lq looltxlg dvvhwv/ luuhyhuvleoh uhwluhphqw
vdylqjv sodqv hwf1 Wkh suhvhqw prgho frqwdlqv qr frpplwphqw ghylfh wkdw doorzv wklv1
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Zkhq q 	 � wkh �jxuh looxvwudwhv wkh wlph0lqfrqvlvwhqw surshuw| ri wkh k|shuerolf suhihu0
hqfhv61 Lq shulrg 4 wkh frqvxphu zhljkv xwlolw| lq shulrg 4 dqg 5 zlwk wkh glvfrxqw udwh
q �

E�nB�
c exw frpsduhv xwlolw| lq shulrg 5 dqg 6 zlwk wkh idfwru �

E�nB�
1 Krzhyhu/ diwhu wkh

�uvw shulrg kh zhljkv frqvxpswlrq lq shulrg 5 dqg 6 zlwk q �

E�nB�
lqvwhdg ri �

E�nB�
1

515 Wkh uhvw ri wkh hfrqrp|

Wkh uhvw ri wkh hfrqrp| lv vwdqgdug dqg lghqwlfdo wr Dxhuedfk dqg Nrwolnr� +4<;:,1
Wkhuh lv d vlqjoh jrrg/ wkdw lv surgxfhg xvlqj fdslwdo dqg oderu vxemhfw wr d frqvwdqw0
uhwxuqv0wr0vfdoh whfkqrorj|1 Surgxfwlrq wdnhv sodfh xvlqj wkh FHV surgxfwlrq ixqfwlrq=

t Egcu� ' �
k
"gE�3�*j� n E�� "�uE�3�*j�

l
�*E�3�*j�

+5,

zkhuh g dqg u duh fdslwdo dqg oderu lq wkh shulrg/ t lv rxwsxw/ \ lv d vfdolqj frqvwdqw/
" lv d fdslwdo0lqwhqvlw| sdudphwhu dqg j lv wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq g dqg
u1 Vlqfh zh dvvxph qr dgmxvwphqw frvwv lq g ru u/ qru dq| ghsuhfldwlrq ri fdslwdo/ zh
kdyh wkh vwdqgdug uhvxow wkdw wkh jurvv zdjhv pxvw htxdo wkh pdujlqdo uhyhqxh surgxfw
ri oderu +phdvxuhg lq h!flhqf| xqlwv,=

� ' E�� "� �
k
"gE�3�*j� n E�� "�uE�3�*j�

l
�*E�3�*j�

u3�*j +6,

dqg wkh lqwhuhvw udwh htxdov wkh pdujlqdo uhyhqxh surgxfw ri fdslwdo=

o ' "�
k
"gE�3�*j� n E�� "�uE�3�*j�

l
�*E�3�*j�

g3�*j +7,

Wkh jryhuqphqw vhfwru lv nhsw yhu| vlpsoh1 Jryhuqphqw uhyhqxh lv udlvhg e| wd{dwlrq
ri oderu lqfrph/ lqwhuhvw lqfrph dqg d frqvxpswlrq wd{1 Iru hdfk jhqhudwlrq wkh wd{
sd|phqwv wr wkh jryhuqphqw lv

A�f� ' E� n � S� S� n E� n � ,��e�,� n E� n � @� o@�3�

zkhuh @�3� lv wkh shulrg*v dvvhw kroglqjv dw wkh ehjlqqlqj ri wkh shulrg +dvvhwv wkdw sd|
lqwhuhvw lq wkh shulrg lq txhvwlrq,1

Wkh uhyhqxh iurp wd{dwlrq lv qrw wudqvihuuhg edfn wr wkh frqvxphuv/ exw lv frqvxphg1
Wklv lv lq olqh zlwk wkh phwkrgrorj| xvhg e| Dxhuedfk dqg Nrwolnr� +4<;:,/ exw gl�huv
iurp zkdw lv riwhq dvvxphg lq Frpsxwdeoh Jhqhudo Htxloleulxp prghov1

6 Fdoleudwlrq dqg vlpxodwlrq

Wkh prgho rxwolqhg deryh lv nhsw dv forvh wr Dxhuedfk dqg Nrwolnr� +4<;:, dv srvvleoh/
dqg wkh vdph sulqflsoh zloo eh dssolhg lq wkh fdoleudwlrq1 Reylrxv sdudphwhuv wkdw uhodwh

6Vwulfwo| vshdnlqj wkh suhihuhqfhv deryh duh zkdw Odlevrq +4<<;, odeho txdvl0k|shuerolf/ zklfk lv d
glvfuhwh0wlph yhuvlrq ri d k|shuerolf glvfrxqw ixqfwlrq1 Zh zloo/ krzhyhu/ ljqruh wklv gl�huhqfh/ dqg xvh
wkh whup k|shuerolf wkurxjkrxw wklv sdshu1

7



wr wkh k|shuerolf glvfrxqwlqj qhhg wr eh wdnhq iurp dq rwkhu vrxufh/ dqg wkh fkrlfh khuh
lv wkh sdshu e| Odlevrq/ Uhshwwr dqg Wredfpdq +5333,1

Odlevrq hw do1 +5333/ sdjh 5;, qrwh wkdw �prvw ri wkh h{shulphqwdo hylghqfh vxjjhvwv wkdw
wkh rqh0|hdu glvfrxqw idfwru lv dw ohdvw 63(073(�7/ dqg xvh q ' f�. lq wkhlu vlpxodwlrqv1
Lq wklv sdshu vlpxodwlrqv zloo eh shuiruphg iru wkh iroorzlqj ydoxhv ri q= 31<<> 31<8> 31<3>
31;3> 31:3 dqg 31931 Wklv fryhuv wkh udqjh phqwlrqhg e| Odlevrq hw do1 +5333,/ dv zhoo dv
ydoxhv ri q wkdw pdnh frqvxphu ehkdylru forvhu wr wkh vwdqgdug prgho +lq zklfk q ' ��f,1

614 Vlpxodwlrq

Vlqfh lw lv qrw srvvleoh wr zulwh grzq d forvhg irup vroxwlrq wr wkh sureohp rxwolqhg deryh/
wkh prgho lv vlpxodwhg qxphulfdoo|> wkh htxloleulxp lv irxqg lwhudwlyho| xvlqj d Jdxvv0
Vhlgho dojrulwkp 0 vlplodu wr Dxhuedfk dqg Nrwolnr� +4<;:,1 Ilqglqj wkh htxloleulxp
vroxwlrq fdq eh vhsdudwhg lq wzr sureohpv= wkh �uvw sureohp lv wr vroyh wkh frqvxphu*v
wlph0lqfrqvlvwhqw sureohp/ dqg wkh vhfrqg sureohp lv wr �qg wkh jhqhudo htxloleulxp iru
wkh hfrqrp|1

61414 Vroylqj wkh frqvxphu*v sureohp

Wr vroyh wkh frqvxphu*v sureohp zh qhhg d vhw ri h{rjhqrxv idfwru sulfhv/ � dqg o1 Wkh
frqvxphu*v sureohp lv wr pd{lpl}h +4,/ vxemhfw wr wkh suhvhqw ydoxh exgjhw frqvwudlqw=

DD[
|'�

E� n o�3E|3�� d�e|,| � RS|o ' f +8,

zkhuh e| lv wkh surgxfwlylw| idfwru iru |0|hdu rog lqglylgxdov8/ dv zhoo dv wkh frqvwudlqwv

S| � f E;|�
� � ,| � f E;|�

Wklv frqvwudlqhg pd{lpl}dwlrq sureohp9 lv vroyhg xvlqj JDPV1 Vlqfh wkh vroxwlrq lv
wlph0lqfrqvlvwhqw/ lw lv qhfhvvdu| wr pd{lpl}h L� +htxdwlrq +4,, iru � 5 i�c ���c DDj 0 l1h1
vroyh iru wkh uhpdlqlqj olih0wlph iru doo djhqwv1

61415 Htxloleulxp lwhudwlrqv

Lq �qglqj wkh htxloleulxp vroxwlrq iru wkh hfrqrp|/ zh shuirup wkh iroorzlqj vwhsv xqwlo
frqyhujhqfh=

7Wkh dxwkruv edvh wklv rq wkh uhylhz vwxg| e| Dlqvolh +4<<5,1
8Wklv lv d kxps0vkdshg sur�oh ryhu wkh olih0f|foh wkdw jlyhv dq hduqlqjv sur�oh wkdw shdnv diwhu 63

|hduv dw wkh oderu pdunhw +fruuhvsrqglqj wr uhdo djh 83, dw zdjhv wkdw duh 78( kljkhu wkdq dw djh 4
+zkhq hqwhulqj wkh oderu pdunhw,1 Wklv lv wkh vdph sur�oh dv xvhg e| Dxhuedfk dqg Nrwolnr� +4<;:,/
zklfk lq wxuq ruljlqdwh iurp d vwxg| e| Zhofk +4<:<,1

9Dowhuqdwlyho|/ wkh vroxwlrq wr wkh frqvxphu*v sureohp frxog eh irxqg vroylqj d v|vwhp ri �uvw rughu
frqglwlrqv1 Krzhyhu/ vlqfh wklv v|vwhp ri htxdwlrqv zrxog jhqhudwh wkh vdph vroxwlrq/ dqg kdyh wr eh
vroyhg qxphulfdoo| dq|zd|/ wkh gluhfw pd{lpl}dwlrq dssurdfk lv fkrvhq ehfdxvh lw lv hdvlhu wr lpsohphqw1
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41 Pdnh d jxhvv iru wkh djjuhjdwh ydoxhv ri g dqg u lq wkh hfrqrp|1

51 Jlyhq wkhvh ydoxhv iru g dqg u/ xvh wkh �up*v �uvw rughu frqglwlrqv +htxdwlrqv +6,
dqg +7,, wr ghwhuplqh wkh dvvrfldwhg idfwru sulfhv/ o dqg �1

61 Vroyh wkh frqvxphuv sureohp1 Vlqfh frqvxphuv duh wlph lqfrqvlvwhqw wklv phdqv
pd{lpl}lqj L� +htxdwlrq +4,, iru � 5 i�c ���c DDj vxemhfw wr wkh exgjhw frqvwudlqw
+htxdwlrq +8,,1

71 Ghwhuplqh wkh qhz djjuhjdwh idfwru lqsxwv 	g dqg 	u1 Wklv lv vlpso| grqh e| pdnlqj
d vxppdwlrq ryhu wkh lqglylgxdo oderu vxsso| dqg vdylqjv iru hdfk jhqhudwlrq +vlqfh
oderu dfurvv djhv gl�hu lq h!flhqf| gxh wr wkh djh0ghshqghqw surgxfwlylw| whup e�
0 vhh htxdwlrq +8,/ wkh wrwdo oderu vxsso| lv fdofxodwhg dv wkh vxp ri wkh lqglylgxdo
oderu vxssolhv iru hdfk djh0jurxs,1

81 Li g ' 	g dqg u ' 	u wkh surfhvv kdv frqyhujhg dqg zh duh grqh= wkhvh htxloleulxp
ydoxhv jlyh idfwru sulfhv wkdw duh frqvlvwhqw vroxwlrqv wr wkh sureohpv ri wkh surgxfhu
dqg frqvxphu/ dqg pdunhw fohdulqj1

Rwkhuzlvh fdofxodwh xsgdwhg jxhvvhv/ g?e� dqg u?e�/ dv d frqyh{ frpelqdwlrq ri
wkh rog +lqlwldo, ydoxhv dqg wkh qhz djjuhjdwh ydoxhv1 Khuh wklv lv grqh e| xvlqj
g?e� ' �

2

g n �

2

	g dqg u?e� ' �

2

u n �

2

	u1 Jr wr vwhs 5 dqg xvh wkhvh ydoxhv lq wkh
�upv* �uvw rughu frqglwlrqv1:

61416 Qxphulfdo lpsohphqwdwlrq

Wkh prgho ghvfulehg deryh lv lpsohphqwhg lq JDPV1 Wkh frqvxphuv sureohp lv vroyhg
xvlqj Frqrsw5 +Guxg/ 4<;8,/ zlwk wkh Jdxvv0Vhlgho xsgdwlqj surfhgxuh rxwolqhg deryh lq
d orrs1 Wkh vrxufh frgh iru wkh h{shulphqwv fdq eh grzqordghg iurp wkh Lqwhuqhw dgguhvv
kwws=22zzz1hfrq1nx1gn2wzs2k|shuerolf2

7 Vwuxfwxudo wd{ uhirup

Kdylqj suhvhqwhg wkh k|shuerolf dqg wkh vwdqgdug prghov zh fdq qrz shuirup wkh �uvw vhw
ri vlplodu srolf| h{shulphqwv rq wkh wzr prghov= lpsohphqw d ixqgdphqwdo wd{ uhirup1
Dv phqwlrqhg lq wkh lqwurgxfwlrq wklv lv zkhuh wkh h{huflvh jhwv lqwhuhvwlqj= zloo wkh
�xvxdo uhvxowv� krog lq wkh k|shuerolf hfrqrp|B Dqg li wkhuh duh gl�huhqfhv ehwzhhq wkh
vwdqgdug dqg wkh k|shuerolf hfrqrp|/ krz zloo wkh uhvxowv ghshqg rq wkh vl}h ri q lq wkh
xwlolw| ixqfwlrq +htxdwlrq +4,,B

D frpsdulvrq ri wkh surshuwlhv ri gl�huhqw wd{ edvhv lv d fodvvlfdo �uvw vwhs zkhq frpsdulqj
gl�huhqw prghov1 Wklv vhfwlrq suhvhqwv dq dqdo|vlv ri ydulrxv wd{ edvhv/ erwk lq wkh
vwdqgdug prgho dqg wkh k|shuerolf prgho1 Wkh dqdo|vlv dqg wkh wd{ edvhv frpsduhg
zloo eh wkh vdph dv lq Dxhuedfk dqg Nrwolnr� +4<;:,/ qdpho| frpsdulqj wkh lqfrph wd{
v|vwhp wr wkuhh rwkhu uhjlphv zkhuh oderu/ lqwhuhvw dqg frqvxpswlrq duh wkh wd{ edvhv1

:Lq vlpxodwlrqv zkhuh jryhuqphqw uhyhqxh lv frqvwdqw/ dqg vrph wd{ udwhv duh hqgrjhqrxv/ wkh wd{
udwhv duh xsgdwhg lq d vlplodu idvklrq1

9



714 Uhvxowv

Wdeoh 4 ehorz frpsduhv ydulrxv nh| lqirupdwlrq iru wkh gl�huhqw hfrqrplhv xqghu frqvlg0
hudwlrq> hfrqrplhv wkdw gl�hu rqo| lq wkhlu qv +dv idu dv h{rjhqrxv yduldeohv duh frqfhuqhg,1
Wkh wdeoh vkrzv wkh vl}h ri surgxfwlrq/ frqvxpswlrq/ oderu vxsso| dqg fdslwdo vwrfn/ wkh
xwlolw| iru d qhzeruq djhqw dv zhoo dv wkh idfwru sulfh udwlr lq wkh ehqfkpdun htxloleulxp
zlwk lqfrph wd{dwlrq=

Vwdqgdug q@31<< q@31<8 q@31<3 q@31;3 q@31:3 q@3193
Surgxfwlrq 58186 58177 5813< 57196 56197 5517: 5413:
Frqvxpswlrq 531:3 53197 5316; 53139 4<168 4;183 4:177
Jry1 frqvxps1 61;5 61;3 61:8 619< 6187 6169 6148
Vdylqjv udwh +(, 61<9 61<5 61:: 618; 614; 51:7 515:
Oderu vxsso| 4<145 4<145 4<144 4<144 4<148 4<155 4<164
Fdslwdo vwrfn <81:8 <717; ;<174 ;51<< 9<1<8 89195 76139
Idfw1 sulfhv +z2u, 48134 471;5 47136 46136 431<9 ;1;7 919<

Wdeoh 41 Ehqfkpdun htxloleuld xqghu lqfrph wd{dwlrq +devroxwh ydoxhv,

Wkh wdeoh ehorz vkrzv wkh vdph qxpehuv lq lqgh{ ydoxhv=

Vwdqgdug q@31<< q@31<8 q@31<3 q@31;3 q@31:3 q@3193
Surgxfwlrq 433133 <<198 <;158 <9178 <5189 ;;133 ;517<
Frqvxpswlrq 433133 <<1:3 <;17: <91;< <6178 ;<166 ;7154
Jry1 frqvxps1 433133 <<198 <;158 <9178 <5189 ;;133 ;517<
Vdylqjv udwh +(, 433133 <;1<< <8153 <3173 ;3163 9<14< 8:165
Oderu vxsso| 433133 <<1<; <<1<6 <<1<7 433148 43317: 4331<:
Fdslwdo vwrfn 433133 <;19; <616; ;919; :6139 8<147 771<;
Idfw1 sulfhv +z2u, 433133 <;1:6 <617: ;91;4 :6135 8;1<3 7718:

Wdeoh 51 Ehqfkpdun htxloleuld xqghu lqfrph wd{dwlrq +lqgh{ ydoxhv= vwdqgdug prgho@433,

Wkh fkdudfwhulvwlfv ri wkh hfrqrplhv xqghu frpsdulvrq duh pdunhgo| gl�huhqw1 Rxwsxw dv
zhoo dv frqvxpswlrq jrhv grzq zkhq q ghfuhdvhv1 Wkh idfwru vxsso| vkrzv dq lqwhuhvwlqj
whqghqf|= oderu vxsso| lv uhodwlyho| frqvwdqw +dqg lv hyhq kljkhu wkdq wkh vwdqgdug fdvh
iru yhu| orz ydoxhv ri q,/ zkhuhdv wkh fdslwdo vwrfn ghfuhdvh gudvwlfdoo| zkhq q ghfuhdvhv
0 dq h�hfw wkdw lv fdxvhg e| wkh ghfuhdvlqj �ehqh�wv� iurp vdylqjv e| wkh k|shuerolf
frqvxphuv1 Wklv ghfuhdvh lq vdylqjv wdnh sodfh ghvslwh wkh odujh lqfuhdvh lq wkh lqwhuhvw
udwh= qrwlfh wkh yhu| gl�huhqw htxloleulxp idfwru sulfh udwlrv +�

o
, iru gl�hulqj qv1

71414 Oderu lqfrph wd{dwlrq

Wkh �uvw ixqgdphqwdo wd{ uhirup xqghu frqvlghudwlrq lv d pryh wr oderu lqfrph wd{dwlrq
0 zklfk uhodwlyh wr wkh edvh fdvh phdqv dedqgrqlqj wd{dwlrq ri fdslwdo lqfrph1 Wdeoh
6 ehorz vkrzv wkh uhvxowv ri wkh uhirup dv dq lqgh{ uhodwlyh wr wkh edvh fdvh +lqfrph
wd{dwlrq, vfhqdulr/ exw zlwk wkh vl}h ri wkh oderu lqfrph wd{ lq ohyhov=

:



Vwdqgdug q@31<< q@31<8 q@31<3 q@31;3 q@31:3 q@3193
Surgxfwlrq <<16: <<16: <<16; <<167 <<16; <<187 <<19<
Frqvxpswlrq <;1<7 <;1<8 <;1<9 <;1<5 <;1<: <<153 <<174
Ode1 lqf1 wd{+(, 5313; 5313; 5313: 5313; 5313; 53137 53135
Oderu vxsso| <:156 <:154 <:147 <91<< <91;5 <91:; <91:7
Fdslwdo vwrfn 439143 43914: 439175 4391:6 43:17: 43;166 43<13<
Xwlolw| <:167 <:16< <:189 <:1:< <;163 <;1<4 <<1<<

Wdeoh 61 Oderu lqfrph wd{ uhirup

Zlwk wkh oderu lqfrph wd{ dv wkh rqo| vrxufh ri uhyhqxh/ wkh frqvwdqw pdujlqdo udwh pxvw
eh lqfuhdvhg iurp 48( wr 5313;( iru wrwdo uhyhqxh wr uhpdlq frqvwdqw1 Wklv uhirup grhv
qrw vxusulvlqjo| vwuhqjwkhq fdslwdo dffxpxodwlrq/ dqg orzhu oderu vxsso|1

Iurp dq ryhudoo zhoiduh shuvshfwlyh wkh h�hfw lv qhjdwlyh= xwlolw| iru wkh uhsuhvhqwdwlyh
djhqw ghfuhdvhv lq wkh ehqfkpdun zlwk 5199( +lqgh{ <:167,1 Lq wkh k|shuerolf hfrqrplhv
+q 	 �, wkhuh lv d vpdoohu ghfuhdvh lq xwlolw|= zlwk q ' f�b wkh ghfuhdvh lq xwlolw| iurp
d pryh iurp lqfrph wd{dwlrq wr oderu lqfrph wd{dwlrq lv 5154( +lqgh{ <:1:<, 0 zklfk lv
d 4:( lpsuryhphqw frpsduhg wr wkh vwdqgdug fdvh +4:(@+519905154,25199,1 Iru kljkhu
qv wklv h�hfw lv pruh surqrxqfhg= lq wkh fdvh ri q@31:/ wkh ydoxh xvhg e| Odlevrq hw do1
+5333,/ wkh ghfuhdvh lq xwlolw| lv rqo| 413<(1 Wkh h�hfwv rq wkh fdslwdo vwrfn dovr ghshqgv
rq q= lq wkh vwdqgdug fdvh wkh fkdqjh wr oderu lqfrph wd{dwlrq lqfuhdvhv fdslwdo vwrfn
e| 914(/ zkhuhdv zh zlwk q@31< dqg q@31: h{shulhqfh lqfuhdvhv rq 91:6( dqg ;166(1
Ilqdoo| qrwlfh d voljkwo| pruh qhjdwlyh h�hfw rq oderu vxsso| iru kljkhu qv= lq wkh vwdqgdug
fdvh oderu vxsso| ghfuhdvhv 51::(/ exw iru q@31< dqg q@31: wkh ghfuhdvh lv 6143( dqg
6155(1

71415 Fdslwdo lqfrph wd{dwlrq

Wkh vhfrqg ixqgdphqwdo srolf| h{shulphqw lq wklv sdshu lv d fkdqjh iurp lqfrph wr
fdslwdo lqfrph wd{dwlrq 0 lq rwkhu zrugv uhprylqj wkh oderu lqfrph wd{1 Wdeoh 7 ehorz
vkrzv wkh uhvxowv ri wkh uhirup dv dq lqgh{ uhodwlyh wr wkh edvh fdvh vfhqdulr +lqfrph
wd{dwlrq,=

Vwdqgdug q@31<< q@31<8 q@31<3 q@31;3 q@31:3 q@3193
Surgxfwlrq <81:9 <819< <8173 <71<; <61<; <51<9 <5133
Frqvxpswlrq <9176 <9168 <81<; <8178 <7149 <51;6 <4185
Fds1 lqf1 wd{ +(, 96146 9614: 96169 96197 97165 98136 981:4
Oderu vxsso| 43<183 43<189 43<1:< 443135 44316; 4431:: 44414:
Fdslwdo vwrfn 97138 961:9 9518< 94146 8:1<< 871<8 85146
Xwlolw| <9189 <9164 <8159 <61;9 <3199 ;:137 ;613:

Wdeoh 71 Fdslwdo lqfrph wd{ uhirup

Qrwlfh wkh udwkhu odujh lqfuhdvh lq wkh fdslwdo lqfrph wd{ qhfhvvdu| wr jhqhudwh wkh vdph
uhyhqxh dv wkh uhpryhg oderu lqfrph wd{= wkh wd{ udwh rq fdslwdo lqfrph lqfuhdvhv iurp
48( wr 96146( lq wkh vwdqgdug fdvh/ dqg zlwk dq hyhq kljkhu lqfuhdvh lq wkh fdvhv zkhuh
q 	 �1 Wklv vljql�fdqwo| kljkhu wd{ rq fdslwdo lqfrph d�hfwv wkh vl}h ri wkh fdslwdo vwrfn

;



lq wkh hfrqrp|= lq wkh qhz vwdwlrqdu| vwdwh/ wkh fdslwdo vwrfn kdv gursshg 681<8(1 Iru
wkh k|shuerolf hfrqrplhv/ zkhuh wkh fdslwdo vwrfn lv douhdg| orzhu ehfdxvh wkh xwlolw|
ixqfwlrq eldvhv wkh frqvxphu wr vdyh ohvv/ wklv gurs lv hyhq kljkhu> zlwk q@31< dqg q@31:
zh h{shulhqfh ghfuhdvhv ri 6;1;:( dqg 78138(1 Wkh uhprydo ri oderu lqfrph wd{dwlrq
pdnhv wkh vxsso| ri wkh rwkhu idfwru jr xs= lq wkh vwdqgdug fdvh oderu vxsso| lqfuhdvhv
<183(/ dqg lq wkh k|shuerolf hfrqrplhv wklv lqfuhdvh lv voljkwo| kljkhu= zlwk q@31< dqg
q@31: wkh lqfuhdvh lv uhvshfwlyho| 43135( dqg 431:(1

Wklv wzlvw lq wkh idfwru vxsso| d�hfwv surgxfwlrq dqg zhoiduh1 Zlwk wkh orzhu lqsxw
ri fdslwdo/ dqg wkh kljkhu lqsxw ri oderu/ wkh ryhudoo rxwsxw jrhv grzq zlwk 7157( lq
wkh vwdqgdug fdvh 0 d ghfuhdvh wkdw iru orzhu ydoxhv ri q lv hyhq pruh surqrxqfhg/ dqg
lq wkh fdvh ri q@31: lv :138(1 Krzhyhu vlqfh oderu vxsso| zhqw xs/ dqg frqvxphuv
ghulyh glvxwlolw| iurp zrunlqj/ zh zrxog h{shfw ryhudoo xwlolw| wr ghfuhdvh hyhq pruh wkdq
frqvxpswlrq/ dqg wklv wxuqv rxw wr eh d fruuhfw frqmhfwxuh1 Lq wkh vwdqgdug fdvh xwlolw|
jrhv grzq 6177(/ exw wklv h�hfw lv vwurqjhu zkhq frqvxphuv duh k|shuerolf= zlwk q@31<
dqg q@31: wkh ghfuhdvh lv uhvshfwlyho| 9147( dqg 451<9(1

71416 Frqvxpswlrq lqfrph wd{dwlrq

Wkh �qdo ixqgdphqwdo uhirup frqvlghuhg lv d fkdqjh wr frqvxpswlrq wd{dwlrq1 Wklv phdqv
uhprylqj wd{dwlrq rq lqfrph dowrjhwkhu/ dqg uhsodfh wkh uhyhqxh zlwk d frqvxpswlrq wd{1
Wdeoh 8 ehorz vkrzv wkh uhvxowv ri wkh uhirup dv dq lqgh{ uhodwlyh wr wkh edvh fdvh vfhqdulr
+lqfrph wd{dwlrq,=

Vwdqgdug q@31<< q@31<8 q@31<3 q@31;3 q@31:3 q@3193
Surgxfwlrq 4371<7 4371<7 4371<6 4371<5 4371<3 4371;; 4371;8
Frqvxpswlrq 4371<; 438133 438135 438138 438145 438153 43815;
Frqv1 wd{ +(, 4:18; 4:18: 4:186 4:17< 4:16< 4:15; 4:14:
Oderu vxsso| <<164 <<15< <<163 <<15< <<15: <<159 <<158
Fdslwdo vwrfn 4561;6 4561;7 4561;5 4561;3 4561:9 4561:5 456197
Xwlolw| 4391;< 439199 4391:3 4391:8 4391;: 43:133 43:147

Wdeoh 81 Frqvxpswlrq wd{ uhirup

Wkh hqgrjhqrxvo| frpsxwhg frqvxpswlrq wd{ wkdw |lhogv wkh vdph uhyhqxh dv wkh suhylrxv
wd{ rq lqfrph lv 4:18;( lq wkh vwdqgdug prgho1 Qrwlfh wkdw erwk iru wkh fdslwdo vwrfn dqg
oderu vxsso|/ wkh h�hfw ri wkh uhprydo ri wd{hv 0 fhwhulv sdulexv 0 lv qrw d sulrul fohdu/ vlqfh
wkhuh lv dq lqfrph dqg d vxevwlwxwlrq h�hfw1 Rq rqh kdqg wkh uhprydo ri wkh oderu lqfrph
wd{ phdqv wkdw wkh frqvxphu jhwv d kljkhu frpshqvdwlrq iru vxsso|lqj oderu 0 exw rq wkh
rwkhu kdqg kh pd| fkrrvh wr zrun ohvv/ dqg nhhs hqmr| pruh ohlvxuh1 Wkh vdph dujxphqw
krogv iru wkh rwkhu idfwru/ fdslwdo= rqh kdqg wkh lqfuhdvhg diwhu0wd{ pdnhv vdylqjv pruh
uhzduglqj/ exw rq wkh rwkhu kdqg wklv phdqv wkdw vpdoohu vdylqjv duh uhtxluhg ryhu wkh
olih f|foh wr uhdfk d qhvw hjj ri d jlyhq vl}h1 Wr wklv zh pxvw dgg jhqhudo htxloleulxp
h�hfwv/ zklfk pdnhv wkh ryhudoo h�hfwv xqsuhglfwdeoh1

Lw wxuqv rxw wkdw wkh ryhudoo h�hfw rq wkh fdslwdo vwrfn lv srvlwlyh/ zlwk durxqg 561;6( lq
wkh vwdqgdug fdvh/ dqg voljkwo| qhjdwlyh dv idu dv wkh oderu vxsso| lv frqfhuqhg= lq wklv
fdvh oderu vxsso| jrhv grzq zlwk 319<(1 Zkhq wkh k|shuerolf hfrqrplhv duh frqvlghuhg

<



wkh h�hfwv duh doprvw vlplodu= zlwk q@31< dqg q@31: wkh lqfuhdvh lv lq fdslwdo vwrfn lv
561;3( dqg 561:9( +uhvshfwlyho|,/ dqg wkh ghfuhdvh lq oderu vxsso| lv 31:4( dqg 31:7(
+uhvshfwlyho|,1

Wkh zhoiduh h�hfw ri wkh frqvxpswlrq wd{ lv fohduo| srvlwlyh/ dqg lq wkh vwdqgdug Dxhuedfk
dqg Nrwolnr� +4<;:, fdvh +q@4, xwlolw| jrhv xs zlwk 91;<(1 Wkh zhoiduh h�hfwv lq wkh
k|shuerolf hfrqrp| lv yhu| vlplodu= lq wkh fdvh zkhuh q@31< wkh lqfuhdvh lv voljkwo| vpdoohu/
91:8(/ dqg zkhq q@31: wkh lqfuhdvh lv voljkwo| odujhu= :13(1

715 Zhoiduh frpsdulvrq

Kdylqj shuiruphg wkh wkuhh w|shv ri ixqgdphqwdo uhirup lq wkh vwdqgdug hfrqrp| dv zhoo
dv lq gl�huhqw k|shuerolf hfrqrplhv/ zh fdq qrz frpsduh wkh uhvxowv iurp wkh vlpxodwlrqv1
Wkh shuvshfwlyh lv/ dv phqwlrqhg lq wkh lqwurgxfwlrq/ wr lqyhvwljdwh krz srolf| h{shulphqwv
shuiruphg lq hfrqrplhv zlwk k|shuerolf frqvxphuv gl�hu iurp wkh vwdqgdug fdvh1

Iurp d zhoiduh shuvshfwlyh wkh lq xhqfh ri q zdv wkh kljkhvw lq wkh fdslwdo lqfrph wd{
uhirup1 Rqh uhdvrq iru wklv lv wkh eldv djdlqvw vdylqjv wkdw zh vdz lq dq| ri wkh k|shuerolf
ehqfkpdun hfrqrplhv +vhh wdeoh 4, 0 d eldv wkdw lv vwurqjhu wkh orzhu wkh ydoxh ri q1 Rq
wrs ri wklv wkh fdslwdo lqfrph wd{ lv lqfuhdvhg iurp 48( wr 96( +ru pruh lq vrph fdvhv, 0
zklfk jlyhv dq hyhq orzhu fdslwdo vwrfn lq wkh qhz vwdwlrqdu| vwdwh1 Phdvxuhg lq zhoiduh
whupv wklv wudqvodwhv lqwr txlwh gl�hulqj zhoiduh lpsolfdwlrqv ri wkh srolf| fkdqjh= lq
wkh vwdqgdug fdvh zhoiduh zhqw grzq 6177(/ exw hyhq zlwk q@31<8 wklv lqfuhdvhg wr d
orvv ri 71:7(1 Dqg zlwk orzhu ohyhov ri q wklv lv hyhq pruh surqrxqfhg= iru q@31< wkh
ghfuhdvh lv 9147(/ dqg zlwk q@31:/ zklfk lv wkh ydoxh xvhg e| Odlevrq hw do1 +5333,/
wkh ghfuhdvh lv dv kljk dv 451<9(1 Lq wkh rwkhu vfhqdulrv zlwk oderu lqfrph wd{dwlrq ru
frqvxpswlrq wd{dwlrq/ wkh zhoiduh fkdqjh iurp wkh srolf| fkdqjh lv pxfk forvhu wr wkh
vwdqgdug fdvh/ zkhq frpsdulqj wkh zhoiduh lq wkh vwdqgdug fdvh wr q@31:1 Lq erwk fdvhv
wkhuh lv d kljkhu zhoiduh h�hfw lq wkh k|shuerolf fdvh= d gl�huhqfh wkdw lq wkh oderu lqfrph
h{shulphqw jlyhv d 418:(0srlqwv gl�huhqfh/ dqg lq wkh frqvxpswlrq wd{dwlrq h{shulphqw
jlyhv d 3144( gl�huhqfh1

Krzhyhu/ lw lv zruwk qrwlqj wkdw wkh +iurp d kljkhvw zhoiduh fulwhulrq, suhihuuhg srolf|
uhirup lq doo fdvhv 0 lqghshqghqw rq wkh vshfl�fdwlrq ri q 0 lv wkh vdph lq doo fdvhv= d fkdqjh
wr frqvxpswlrq wd{dwlrq1 Wklv uhirup jlyhv wkh kljkhvw zhoiduh lqfuhdvh= doprvw :(1 Iru
wkh wzr rwkhu srolf| dowhuqdwlyhv/ wkh uhvxow wkdw oderu lqfrph wd{dwlrq lv suhihuuhg ryhu
fdslwdo lqfrph wd{dwlrq/ lv d udqnlqj wkdw lv lqghshqghqw ri wkh vl}h ri q= oderu lqfrph
wd{dwlrq lv wkh ehwwhu ri wkh wzr1 Lq rwkhu zrugv wkh udqnlqj ri wkh wkuhh dowhuqdwlyh
vfhqdulrv duh lqghshqghqw ri wkh ydoxh ri q/ hyhq wkrxjk wklv ydoxh d�hfwv wkh txdqwlwdwlyh
zhoiduh uhvxowv/ lq sduwlfxodu zkhq fdslwdo lqfrph wd{dwlrq lv frqfhuqhg1

8 Pdujlqdo h{fhvv exughq

Dqrwkhu lqwhuhvwlqj glphqvlrq iru frpsdulqj wkh vwdqgdug dqg wkh k|shuerolf prgho/
lv wr xvh wkh jhqhudo htxloleulxp prgho wr fdofxodwh wkh pdujlqdo frvw ri ixqgv iru wkh
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ydulrxv wd{ lqvwuxphqwv lq wkh prgho1 Lq frqwudvw wr wkh vlpxodwlrqv suhvhqwhg deryh
wkdw zdv ri wkh �gl�huhqwldo lqflghqfh� nlqg +l1h1 wkh uhyhqxh uhpdlqhg frqvwdqw,/ wkh
srlqw ri ghsduwxuh lq wkhvh frpsxwdwlrqv duh wkdw wrwdo uhyhqxh pxvw lqfuhdvh +e| vd|
4 shufhqw,1 Wklv doorzv xv wr frpsduh wkh irxu wd{ lqvwuxphqwv +lqfrph wd{dwlrq/ oderu
lqfrph wd{dwlrq/ fdslwdo lqfrph wd{dwlrq dqg frqvxpswlrq wd{dwlrq,/ dqg ghwhuplqh wkh
lqvwuxphqwv* h�hfwv1 Lq rwkhu zrugv zh fdq frpsduh krz glvwruwlrqdu| wkh ydulrxv wd{
lqvwuxphqwv duh zkhq d kljkhu uhyhqxh lv uhtxluhg/ zklfk iurp d sudfwlfdo sxeolf �qdqfh
shuvshfwlyh frqyh|v lv lpsruwdqw lqirupdwlrq derxw wkh lqwhusod| ehwzhhq wkh wd{ v|vwhp
dqg wkh hfrqrp|1

814 Phwkrgrorj|

Dv gh�qhg e| Edoodug/ Vkryhq dqg Zkdooh| +4<;8, wkh +pdujlqdo, h{fhvv exughq +PHE,
phdvxuhv �wkh lqfuhphqwdo zhoiduh frvwv ri udlvlqj h{wud uhyhqxh iurp dq douhdg| h{lvwlqj
glvwruwlrqdu| wd{�1 Wkh PHE lv fdofxodwhg lq wkh iroorzlqj pdqqhu1 Iluvw frqvlghu wkh
ehqfkpdun htxloleulxp 0 ohw �� ghqrwh wkh xwlolw| iru wkh uhsuhvhqwdwlyh djhqw/ dqg ohw �C
ghqrwh wkh jryhuqphqw h{shqglwxuh lq wkh htxloleulxp1 Qh{w dgg wkh iroorzlqj frqvwudlqwv
rq wkh frxqwhuidfwxdo htxloleulxp=

� ' �� +9,

C ' E��f�� �C +:,

wkdw frqvwudlqv wkh frqvxphu*v xwlolw| lq wkh frxqwhuidfwxdo wr eh wkh vdph dv lq wkh
ehqfkpdun vlwxdwlrq/ dqg uhtxluhv wkh jryhuqphqw uhyhqxh wr eh 4( kljkhu wkdq lq wkh
ehqfkpdun vlwxdwlrq1 Kdylqj h{rjhql}hg wzr yduldeohv zh qhhg wr hqgrjhql}h wzr ydul0
deohv1 Wkh �uvw lv d wd{ udwh +iru wkh wd{ lqvwuxphqw lq txhvwlrq,/ wkdw doorzv htxdwlrq +:,
wr eh vdwlv�hg 0 wkh rwkhu wd{ udwhv uhpdlq frqvwdqw1 Wkh vhfrqg yduldeoh lv d frpshqvd0
wlrq/ l/ sdlg wr wkh frqvxphu/ wkdw jlyhv klp wkh sxufkdvlqj srzhu wr pdlqwdlq wkh xwlolw|
ohyho �� +l1h1 wr vdwlvi| htxdwlrq +9,,1 Wklv frpshqvdwlrq lv uhtxluhg iru wkh frqvxphu*v
xwlolw| wr uhpdlq frqvwdqw xqghu wkh qhz kljkhu pdujlqdo wd{hv1

Wkh frpshqvdwlrq lv vlplodu wr wkh Klfnvldq frqfhsw ri htxlydohqw yduldwlrq1 Lq rwkhu
zrugv dvnlqj krz pxfk zrxog eh uhtxluhg wr frpshqvdwh wkh frqvxphu/ vxfk wkdw kh
zrxog eh lqgl�huhqw ehwzhhq wkh wzr uhjlphv lq txhvwlrq +phdvxuhg lq d zd| vxfk wkdw d
qhjdwlyh dprxqw phdqv wkdw kh suhihuv wkh orzhu wd{ uhjlph li qr frpshqvdwlrq lv jlyhq,1
Lq wkh suhvhqw fdvh wkh frqvxphu zrxog kdyh wr sd| kljkhu wd{hv zkhq jryhuqphqw uhyhqxh
uhtxluhphqwv duh kljkhu/ dqg khqfh zh zrxog h{shfw klp wr eh zruvh r�> wklv wudqvodwhv
lqwr d qhjdwlyh HY1 Krzhyhu/ xqolnh wkh xvxdo k|srwkhwlfdo Klfnvldq frpshqvdwlrq wklv
lv dq dfwxdo frpshqvdwlrq lv fduulhg rxw> lq rwkhu zrugv lw lv wdnhq lqwr dffrxqw wkdw wkh
frpshqvdwlrq zloo lq xhqfh wkh htxloleulxp rxwfrph1

Zlwk wkh nqrzohgjh ri wkh vl}h ri wkh frpshqvdwlrq zh fdq fdofxodwh wkh PHE lq grooduv
dv

�.� '
l

f�f� �C
� �

Lq wkh vwdqgdug prgho +zkhuh dq lqfuhdvhg lqfrph wd{ jhqhudwhv wkh h{wud uhyhqxh, zh
kdyh �C ' ��H2 dqg wkh frpshqvdwlrq l ' f�fD2� Khuh wkh lqfrph wd{ qhhgv wr eh lqfuhdvhg

44



4145( +iurp 48( wr 4814:(, wr jhw wkh 4( h{wud uhyhqxh +3136;5 groodu,1 Wklv shufhqwdjh
fohduo| vkrzv wkh wkdw wkh h{wud uhyhqxh lv dfklhyhg xvlqj glvwruwlrqdu| wd{dwlrq= wd{hv
qhhg wr jr xs zlwk 4145( iru uhyhqxh wr lqfuhdvh 4(1 Wklv wudqvodwhv lqwr dq PHE ri 3169
grooduv/ zklfk kdv wkh iroorzlqj lqwhusuhwdwlrq= lqfuhdvlqj uhyhqxh zlwk 4 groodu wkurxjk
glvwruwlrqdu| wd{dwlrq phdqv d orvv wr wkh frqvxphu ri 4169 grooduv1 Iurp d frvw0ehqh�w
shuvshfwlyh wklv phdqv wkdw li wkh lqfuhdvhg uhyhqxh lv xvhg iru d jryhuqphqw surmhfw/ wkhq
wklv surmhfw vkrxog rqo| eh xqghuwdnhq li wkh surmhfw jhqhudwhv d ehqh�w wr wkh frqvxphu
ri dw ohdvw 4169 groodu= lqfuhdvlqj dq douhdg| glvwruwlrqdu| wd{ lv frvwo|1

81414 Wkh frpshqvdwlrq*v wlplqj

Wkh surfhgxuh rxwolqhg deryh pxvw eh dowhuhg vrphzkdw lq wkh k|shuerolf hfrqrplhv1 Lq
d ghwhuplqlvwlf vwdqgdug olih0f|foh prgho wkh wlplqj ri wkh sd|phqw+v, wr wkh frqvxphu lv
xqlpsruwdqw> wkhuhiruh lw grhv qrw pdwwhu zkhwkhu wkh frpshqvdwlrq lv wudqvihuuhg zkhq
wkh frqvxphu hqwhuv ru ohdyhv wkh oderu pdunhw= rqo| wkh suhvhqw ydoxh pdwwhuv1 Krzhyhu/
zlwk k|shuerolf frqvxphuv wkhuh lv d frq lfw ehwzhhq frqvxphuv dw wkh gl�huhqw djhv= wkh
frqvxphu lv olnho| wr vshqg wkh pdmrulw| ri wkh wudqvihu zkhq lw wdnhv sodfh 0 d ghflvlrq lq
zklfk �odwhu vhoyhv� pljkw glvdjuhh1 Wkhuhiruh wkh wlplqj ri wkh frpshqvdwlrq pdwwhuv1
Lq wkh suhvhqw vlpxodwlrqv wklv lq xhqfh lv vrxjkw plqlpl}hg e| sd|lqj dq htxdo qrplqdo
dprxqw wr wkh frqvxphu hdfk |hdu1 Fohduo| wklv glvwulexwlrqdo ghflvlrq zloo dovr lq xhqfh
wkh uhvxowv vrphzkdw/ exw lv dq reylrxv irfdo srlqw iru d glvwulexwlrq vfkhph1

815 Uhvxowv

Wklv vhfwlrq suhvhqwv PHE iru wkh ydulrxv wd{ w|shv= wd{dwlrq ri lqfrph/ oderu lqfrph/
fdslwdo lqfrph dqg frqvxpswlrq1 Wdeoh 9 ehorz vkrzv wkh PHE iru hfrqrplhv zlwk
ydulrxv qv lq wkh lqwhuydo 413 0 319 iru hdfk ri wkh irxu wd{hv xqghu frqvlghudwlrq=

Vwdqgdug q@31<< q@31<8 q@31<3 q@31;3 q@31:3 q@3193
Lqfrph wd{dwlrq 691:5 691;: 6:187 6;176 73133 7418; 761;5
Oderu lqf1 wd{ 79184 79178 79155 79133 77196 751<5 7514:
Fdslwdo lqfrph ;163 <146 45179 491:6 591:9 6;148 7<18;
Frqvxpswlrq 5193 5173 6137 6196 7183 8183 91:4

Wdeoh 91 �.� iru irxu w|shv ri wd{ +shufhqw,

Wkh PHE ydulhv frqvlghudeo| ryhu wkh gl�huhqw w|shv ri wd{dwlrq= lq wkh vwdqgdug fdvh
lw ydulhv ehwzhhq 5193( dqg 79184(1 Ohdvw frvwo| lv lq wklv fdvh lqfuhdvhg frqvxpswlrq
wd{hv +zklfk lq wkh ehqfkpdun lv }hur,/ zkhuhdv wkh prvw frvwo| vrxufh ri ixuwkhu uhyhqxh
lv lqfuhdvhg oderu lqfrph wd{dwlrq1

81514 Udqnlqj wkh srolflhv

D udnlqj ri wkh pdujlqdo h{fhvv exughqv +ghvfhqglqj diwhu wkh vl}h ri wkh PHE, lv uhd0
vrqdeo| vwdeoh iru wkh ydoxh ri q1 Iru q � f�. frqvxpswlrq wd{dwlrq lv e| idu wkh ohdvw
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kdupixo vrxufh ri uhyhqxh/ iroorzhg e| wd{dwlrq ri fdslwdo lqfrph1 Exw wkh pdjqlwxgh
ehwzhhq wkh wzr ydulhv frqvlghudeo|= zkhuh dq lqfuhdvh lq fdslwdo lqfrph lv 615 wlphv pruh
frvwo| lq wkh vwdqgdug fdvh/ lw lv 91< wlphv pruh frvwo| zkhq q@31: +wkh Odlevrq hw do1
+5333, fdvh,1 Wklv lv uhodwhg wr wkh suhylrxvo| phqwlrqhg lqfuhdvlqj eldv djdlqvw vdylqjv
iru orzhu ydoxhv ri q/ wkdw pdnh kljkhu fdslwdo lqfrph wd{hv lqfuhdvlqjo| frvwo|1 Wkh wzr
zruvw vrxufhv ri uhyhqxh duh oderu lqfrph wd{dwlrq dqg lqfrph wd{dwlrq +lq zklfk oderu
lqfrph wd{dwlrq sod|v dq lpsruwdqw sduw,1

Exw qrwlfh wkdw vrphzkhuh lq wkh lqwhuydo q 5of�.c f�Sd wkh udqnlqj fkdqjhv= iru q ' f�.
wkh prvw frvwo| vrxufh ri h{wud uhyhqxh lv oderu lqfrph wd{dwlrq/ zkhuhdv lw iru q ' f�S
lv fdslwdo lqfrph wd{dwlrq1 Dsduw iurp wd{dwlrq ri frqvxpswlrq/ wkh fkhdshvw vrxufh ri
h{wud uhyhqxh zkhq q ' f�. lv wd{dwlrq ri fdslwdo lqfrph/ zkhuhdv lw lv oderu lqfrph
wd{dwlrq iru q ' f�S1 Zlwk Odlevrq hw do1 +5333,*v lqwhusuhwdwlrq ri wkh uhylhz vwxg|
e| Dlqvolh +4<<5, wkdw �prvw ri wkh h{shulphqwdo hylghqfh vxjjhvwv wkdw wkh rqh0|hdu
glvfrxqw idfwru lv dw ohdvw 63(073(� wklv vzlwfk lq udqnlqj lv qrw jrrg qhzv/ vlqfh lw
rffxuv h{dfwo| vrphzkhuh lq wkh lqwhuydo ri ydoxhv iru q wkdw �prvw ri wkh h{shulphqwdo
hylghqfh vxjjhvwv� wr eh wkh fruuhfw ydoxh1

9 Vxppdu|

Wklv sdshu kdv h{dplqhg wkh lpsruwdqfh ri lqwurgxflqj frqvxphuv zlwk k|shuerolf glv0
frxqwlqj lq d vwdqgdug jhqhudo htxloleulxp prgho ã od Dxhuedfk dqg Nrwolnr� +4<;:,1
Wklv zdv grqh e| shuiruplqj dq lghqwlfdo vhw ri srolf| h{shulphqwv rq erwk wkh vwdqgdug
prgho/ dv zhoo dv rq d qxpehu ri prghov zlwk k|shuerolf glvfrxqwlqj frqvxphuv 0 prghov
zkhuh wkh �ghjuhh ri k|shuerolfqhvv� ydulhg frqvlghudeo|1 Wzr w|shv ri srolf| h{shul0
phqwv zhuh shuiruphg1 Wkh �uvw vhw ri h{shulphqwv frqfhuqhg d ixqgdphqwdo wd{ uhirup/
zklfk lq wklv fdvh zdv d uhyhqxh qhxwudo fkdqjh lq wd{ edvh 0 iurp lqfrph wd{dwlrq wr
oderu lqfrph wd{dwlrq/ fdslwdo lqfrph wd{dwlrq ru wr frqvxpswlrq wd{dwlrq1 Wkh vhfrqg
vhw ri h{shulphqwv frpsxwhg wkh pdujlqdo h{fhvv exughq ri wd{dwlrq iru wkh irxu wd{ lq0
vwuxphqwv xqghu frqvlghudwlrq1 Wkh txhvwlrq srvhg lq wkh lqwurgxfwlrq zdv= gr srolf|
uhfrpphqgdwlrqv gl�hu lq hfrqrplhv zlwk k|shuerolf frqvxphuv zkhq frpsduhg zlwk wkh
vwdqgdug prghoB Vhyhudo lqvljkwv hphujhg iurp wkh vwxg|1

Lq wkh dqdo|vhv ri ixqgdphqwdo uhirup wkh udqnlqj ri wkh wkuhh dowhuqdwlyhv zdv wkh vdph1
Lq doo fdvhv zdv frqvxpswlrq wd{dwlrq vxshulru lq d zhoiduh vhqvh/ dqg lq doo fdvhv zdv
fdslwdo lqfrph wd{dwlrq prvw ghwulphqwdo wr zhoiduh1 Exw zkhuhdv wkh jdlqv iurp frq0
vxpswlrq wd{dwlrq zdv durxqg wkh vdph iru doo hfrqrplhv frqvlghuhg +k|shuerolf ru qrw,/
wkh orvvhv iurp fdslwdo lqfrph wd{dwlrq lqfuhdvhg vljql�fdqwo| wkh pruh k|shuerolf wkh
frqvxphuv1 Wkh zhoiduh orvv zkhq vzlwfklqj wr fdslwdo lqfrph wd{dwlrq lq wkh vwdqgdug
prgho lv 6177(/ exw lq wkh k|shuerolf hfrqrp| zlwk q@31: wkh orvv lv 451<9(1; Wkh uhd0
vrq iru wkh juhdwhu orvv lq wkh k|shuerolf hfrqrplhv/ lv wkdw wkh fdslwdo lqfrph wd{dwlrq
ghfuhdvhv wkh douhdg| yhu| orz lqfhqwlyh wr vdyh/ vlqfh k|shuerolf frqvxphuv +sduwlfxoduo|
wkrvh zlwk yhu| orz ydoxhv ri q� whqg wr frqvxph doprvw doo wkhlu lqfrph/ dqg vdyh vljqli0
lfdqwo| ohvv1 Lq idfw wkh k|shuerolf surshuw| dfwv dv d nlqg ri glvwruwlrq djdlqvw vdylqjv1

;Wklv ydoxh ri � zdv xvhg e| Odlevrq hw do1 +5333, ehfdxvh �prvw ri wkh h{shulphqwdo hylghqfh vxjjhvwv
wkdw wkh rqh0|hdu glvfrxqw idfwru lv dw ohdvw 63(073(� +s1 5;,1
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D odujh lqfuhdvh lq wkh fdslwdo lqfrph wd{dwlrq pdnhv wklv hyhq pruh surqrxqfhg/ dqg
wkhuhiruh wkh fdslwdo vwrfn ghfuhdvhv vljql�fdqwo|/ ghvslwh wkh jhqhudo htxloleulxp h�hfw
iurp wkh lqfuhdvhg lqwhuhvw udwh1

Zkhq frpsdulqj wkh pdujlqdo h{fhvv exughqv lq wkh hfrqrplhv/ wkh udqnlqj zdv rqfh
djdlq uhdvrqdeo| vwdeoh= lq d zhoiduh vhqvh wkh ehvw pdujlqdo vrxufh ri uhyhqxh lv frq0
vxpswlrq wd{dwlrq/ dqg wkh zruvw lv oderu lqfrph wd{dwlrq1 Exw iru orz ohyhov ri q wkh
udqnlqj fkdqjhv/ dqg fdslwdo lqfrph wd{dwlrq hqgv xs ehlqj wkh prvw frvwo| vrxufh ri
h{wud uhyhqxh/ dqg oderu lqfrph wd{dwlrq hqgv xs dv wkh vhfrqg fkhdshvw1 Xqiruwxqdwho|
wklv fkdqjh lq wkh udqnlqj rffxuv h{dfwo| vrphzkhuh lq wkh lqwhuydo ri ydoxhv iru q wkdw
�prvw ri wkh h{shulphqwdo hylghqfh vxjjhvwv� dffruglqj wr Odlevrq hw do1 +5333/ s1 5;,1
Wklv phdqv wkdw li uhyhqxh iru vrph uhdvrq pxvw eh orzhuhg +iru lqvwdqfh suhvlghqw Exvk*v
sursrvhg odujh wd{ fxw,/ wkhq wkh dqvzhu dffruglqj wr frqyhqwlrqdo zlvgrp +wkh vwdqgdug
prgho, zrxog eh wr orzhu oderu lqfrph wd{dwlrq vlqfh lw fduulhv wkh kljkhvw glvwruwlrq 0
exw li frqvxphuv kdyh k|shuerolf glvfrxqw ixqfwlrqv wkhq lw zrxog eh ehvw +lq d zhoiduh
vhqvh, wr orzhu wkh fdslwdo lqfrph wd{ lqvwhdg1<

Wr vxp xs/ wkh dqvzhu wr wkh txhvwlrq gr k|shuerolf suhihuhqfhv pdwwhuB lv qrw fohdu 0 lw
ghshqgv rq wkh ghjuhh ri k|shuerolfqhvv +wkh vl}h ri q,1 Iru frqvxphuv zlwk d ydoxh ri q
wkdw lv doprvw xqlw|/ wkh srolf| h{shulphqwv duh doprvw qrw d�hfwhg1 Exw iru orz 0 dqg
dffruglqj wr Odlevrq hw do1 +5333, uhdolvwlf 0 vshfl�fdwlrqv ri wkh ghjuhh ri k|shuerolfqhvv/
wkh dqvzhu lv qrw vr fohdu1 Wkh frvwv ri fdslwdo lqfrph wd{dwlrq lqfuhdvhv gudvwlfdoo| iru
orz ohyhov ri q= erwk d ixqgdphqwdo uhirup wrzdugv fdslwdo lqfrph wd{dwlrq lv lqfuhdvlqjo|
frvwo|/ dqg vr lv d pdujlqdo lqfuhdvh lq wkh fdslwdo lqfrph wd{ udwh1 Lq idfw lqfuhdvhg fdslwdo
lqfrph wd{dwlrq fduulhv/ iru yhu| orz ohyhov ri q/ wkh kljkhvw pdujlqdo h{fhvv exughq ri
wd{dwlrq 0 phdqlqj wkdw wklv lv wkh prvw h{shqvlyh vrxufh ri h{wud uhyhqxh1 Wkh idfw wkdw
wkh frqfoxvlrq lv vr vhqvlwlyh wr wkh vl}h ri q vxjjhvwv wkdw ixuwkhu hpslulfdo uhvhdufk lv
qhfhvvdu| wr hvwdeolvk zkhwkhu q lv uhdoo| lq wkh qhljkerukrrg vxjjhvwhg e| Odlevrq hw
do1 +5333,1 Lq wkdw fdvh wkh h{shulphqwv shuiruphg lq wklv sdshu vkrz wkdw wkh h�hfwv
duh lpsruwdqw dqg fdqqrw eh glvuhjdughg/ dqg dffruglqjo| wklv w|sh ri suhihuhqfhv pxvw
qhfhvvdulo| eh lqfrusrudwhg lqwr ixwxuh pdfurhfrqrplf prgholqj zrun1

<Dw ohdvw vrph frqvrodwlrq frphv iurp wkh idfw wkdw wkh suhihuuhg vrxufh ri h{wud uhyhqxh vwd|v wkh
vdph lq doo h{shulphqwv= frqvxpswlrq wd{dwlrq1
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