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Fxuuhqw Dffrxqwv dqg wkh Shuvlvwhqfh ri

Joredo dqg Frxqwu|0Vshfl�f Vkrfnv= lv

Lqyhvwphqw uhdoo| wrr yrodwlohB

Pdwkldv Kr�pdqq4

Ghsduwphqw ri Hfrqrplfv

Hxurshdq Xqlyhuvlw| Lqvwlwxwh

83349 Vdq Grphqlfr gl Ilhvroh +LWDO\,

H0Pdlo= kr�pdqqClxh1lw

Mxqh 48/ 4<<<

4L dp yhu| judwhixo wr p| Sk1G1 wkhvlv dgylvruv/ Plfkdho Duwlv dqg Vûuhq

Mrkdqvhq iru glvfxvvlrqv/ hqfrxudjhphqw dqg frpphqwv1 L zrxog dovr olnh wr

wkdqn Sdror Sduxror dqg Ndwdulqd Mxvholxv iru glvfxvvlrqv1 Dq| huuruv duh

plqh1



Devwudfw

Xvlqj d vpdoo YDU ri wkh fxuuhqw dffrxqw dqg lqyhvwphqw/ zh lghqwli|

wzr fdwhjrulhv ri vkrfnv= shupdqhqw yv1 wudqvlwru| dqg frxqwu|0vshfl�f

yv1 joredo1 Rxu dssurdfk lqyroyhv rqo| wkh prvw plqlpdo lghqwli|lqj

dvvxpswlrqv1 Xvlqj gdwd iurp wkh J: frxqwulhv/ zh �qg wkdw wkh suhglf0

wlrqv ri wkh lqwhuwhpsrudo dssurdfk wr wkh fxuuhqw dffrxqw duh frq�uphg

e| wkh gdwd1 Zh duh dovr deoh wr vroyh wkh sx}}oh hqfrxqwhuhg e| Jolfn dqg

Urjr� +4<<8, wkdw wkh lqyhvwphqw uhvsrqvh wr frxqwu|0vshfl�f vkrfnv lv

h{fhvvlyh ylv0d0ylv wkh fxuuhqw dffrxqw uhvsrqvh= wkh hvwlpdwhg uhvsrqvh

lv dq dpdojdp ri uhvsrqvhv wr shupdqhqw dqg wudqvlwru| vkrfnv1 Lq rxu

vshfl�fdwlrq wkh fxuuhqw dffrxqw uhdfwv dv suhglfwhg wr wkh shupdqhqw

frpsrqhqw ri frxqwu|0vshfl�f vkrfnv dqg zh �qg lqyhvwphqw qrw wr eh

h{fhvvlyho| yrodwloh1

Nh|zrugv= joredo dqg frxqwu|0vshflilf vkrfnv/ fxuuhqw

dffrxqw/ lqyhvwphqw/ frlqwhjudwlrq/ yhfwrudxwruhjuhvvlrqv/

suhvhqw0ydoxh prghov1

MHO fodvvl�fdwlrq= F65/ I74/ I7:



4 Lqwurgxfwlrq

D ehwwhu xqghuvwdqglqj ri wkh hpslulfdo g|qdplfv ri wkh fxuuhqw dffrxqw

dqg lqyhvwphqw lq uhvsrqvh wr joredo dqg frxqwu|0vshfl�f vkrfnv lv lp0

sruwdqw dv lw sxwv wr d whvw wkh prghuq *lqwhuwhpsrudo wkhru| ri wkh fxu0

uhqw dffrxqw* +Revwihog +4<;9/ 4<<8,/ Vdfkv +4<;4,/ Revwihog dqg Urjr�

+4<<8,,1 Hyhq wkrxjk wklv wkhru| lv qrzdgd|v d wkhruhwlfdo zrunkruvh lq

lqwhuqdwlrqdo pdfurhfrqrplf dqdo|vhv/ hpslulfdo zrun lq wklv duhd kdv vr

idu ehhq yhu| vsduvh1

Rqh h{fhswlrq lv wkh lpsruwdqw sdshu e| Jolfn dqg Urjr� +4<<8,1

Wkhvh dxwkruv hpslulfdoo| h{dplqhg wkh uroh ri joredo dqg frxqwu|0vshfl�f

surgxfwlylw| vkrfnv iru fxuuhqw dffrxqw g|qdplfv xvlqj d vwuxfwxudo hfrqr0

phwulf prgho ghulyhg iurp wkh wkhru|1 Lqwhuwhpsrudo rswlpl}dwlrq prg0

hov suhglfw wkdw wkh fxuuhqw dffrxqw uhdfwv sulpdulo| wr frxqwu|0vshfl�f

vkrfnv/ qrw wr joredo vkrfnv= joredo vkrfnv klw doo hfrqrplhv htxdoo| dqg

fkdqjh frqvxpswlrq srvvlelolwlhv zruog0zlgh1 Khqfh/ wkhuh lv qr uroh iru

lqwhuqdwlrqdo eruurzlqj dqg ohqglqj zlwk d ylhz wr vprrwklqj frqvxps0

wlrq1 Lq uhvsrqvh wr d/ vd|/ qhjdwlyh frxqwu|0vshfl�f vkrfn/ krzhyhu/ d

frxqwu| fdq eruurz iurp wkh uhvw ri wkh zruog lq rughu wr vprrwk frq0

vxpswlrq1

Ryhudoo/ Jolfn dqg Urjr� frxog frq�up wkhvh suhglfwlrqv ri wkh wkh0

ru|1 Wkh| irxqg/ krzhyhu/ wkdw wkh uhdfwlrq ri lqyhvwphqw wr frxqwu|0

vshfl�f vkrfnv zdv h{fhvvlyh ylv0d0ylv wkh lpsolhg fxuuhqw dffrxqw uh0

vsrqvh1

Wkh sx}}oh hqfrxqwhuhg e| Jolfn dqg Urjr� looxvwudwhv dq lpsru0

wdqw surshuw| ri udwlrqdo h{shfwdwlrqv prghov= wkhlu suhglfwlrqv fuxfldoo|

ghshqg rq zkhwkhu vwuxfwxudo vkrfnv kdyh shupdqhqw ru wudqvlwru| h�hfwv

dqg dovr rq wkh vshhg ri dgmxvwphqw wr wkh qhz vwhdg| vwdwh +shuvlvwhqfh,1

Wklv vhqvlwlylw| frqvwlwxwhv d glohppd iru wkh hpslulfdo uhvhdufkhu= xvlqj

xqlyduldwh phwkrgv/ lw lv doprvw lpsrvvleoh wr glvwlqjxlvk ehwzhhq yhu|

shuvlvwhqw exw vwdwlrqdu| surfhvvhv rq rqh kdqg dqg xqlw0urrw surfhvvhv

rq wkh rwkhu1

Lq wklv sdshu zh vxjjhvw phdvxulqj wkh shupdqhqw frpsrqhqw ri



vkrfnv e| fkrrvlqj dq dssursuldwh YDU vshfl�fdwlrq ri wkh prgho dqg e|

h{sorlwlqj frlqwhjudwlrq lq wkh gdwd1 Lq vr grlqj/ zh fdq jlyh d frkhuhqw

ghvfulswlrq ri wkh shupdqhqw dqg wudqvlwru| frpsrqhqwv ri joredo dqg

frxqwu| vshfl�f vkrfnv zlwk uhvshfw wr wkh lqirupdwlrq vhw lpsolhg e|

wkh wkhru|1 Xvlqj wklv dssurdfk/ zh r�hu dq dowhuqdwlyh vroxwlrq wr wkh

Jolfn dqg Urjr� sx}}oh= wkh fxuuhqw dffrxqw vhhpv wr uhdfw vwurqjhu

wkdq lqyhvwphqw wr wkh shupdqhqw frpsrqhqw ri frxqwu|0vshfl�f vkrfnv

exw frxqwu|0vshfl�f vkrfnv kdyh lpsruwdqw wudqvlwru| frpsrqhqwv1 Wr

wkh ghjuhh wkdw wkhvh wudqvlwru| frpsrqhqwv duh qrw wdnhq fduh ri lq wkh

hvwlpdwlrq ri wkh lpsdfw uhvsrqvh ri vdylqjv dqg lqyhvwphqw/ hvwlpdwhv

zloo eh dq dpdojdp ri wkh uhvsrqvh wr wudqvlwru| dqg shupdqhqw vkrfnv1

Wkh nlqg ri h{fhvv vhqvlwlylw| ri wkh fxuuhqw dffrxqw uhvsrqvh wr ydu|lqj

ghjuhhv ri shuvlvwhqfh vxjjhvwhg e| Jolfn dqg Urjr� dv d vroxwlrq wr wkh

sx}}oh lv jhqhudoo| qrw hpslulfdoo| zduudqwhg1 Rxu �qglqjv udwkhu vxjjhvw

dq rshq0hfrqrp| dqdorjxh ri wkh vroxwlrq sursrvhg e| Txdk +4<<3, iru

wkh h{fhvv0vprrwkqhvv ri frqvxpswlrq= li hfrqrplf djhqwv glvwlqjxlvk

ehwzhhq wudqvlwru| dqg shupdqhqw pryhphqwv lq wkhlu ixwxuh lqfrph

vwuhdp/ orz fxuuhqw0dffrxqw lqyhvwphqw fruuhodwlrqv fdq eh udwlrqdol}hg

hyhq li wkh fxuuhqw dffrxqw lv pruh vhqvlwlyh wr +wkh shuvlvwhqw frpsrqhqw

ri, shupdqhqw vkrfnv wkdq lv lqyhvwphqw1

Rxu dssurdfk irufhv xv wr vdful�fh vrph vwuxfwxuh ylv0d0ylv wkh vl0

pxowdqhrxv htxdwlrq prgho vxjjhvwhg e| Jolfn dqg Urjr�1 Lw lv fhuwdlqo|

d elj dgydqfh ri wkhlu vwxg| wkdw wkh hvwlpdwlqj htxdwlrqv duh ghulyhg

h{solflwo| iurp dq lqwhuwhpsrudo prgho1 Wkh dxwkruv fodlp=

*Wkh delolw| wr ghulyh forvhg0irup vroxwlrqv khosv foduli| vrph

lqwhuhvwlqj lvvxhv wkdw pd| hdvlo| eh revfxuhg lq vlpxodwlrq

dqdo|vlv ru yhfwrudxwruhjuhvvlrq hvwlpdwlrq* +Jolfn dqg Ur0

jr�/ ss14;809,

Lq wklv vwxg|/ zh zloo dujxh wkdw rxu xqghuvwdqglqj ri fxuuhqw df0

frxqw dqg lqyhvwphqw g|qdplfv fdq eh hqkdqfhg li erwk wkh hfrqrplf

wkhru| dv zhoo dv lwv uhgxfhg irup duh wdnhq vhulrxvo|1 Hpsor|lqj d vwuxf0

wxudo YDU/ zh xvh lqvljkwv iurp wkh lqwhuwhpsrudo prgho wkdw duh dovr

frq�uphg e| wkh uhvxowv ri Jolfn dqg Urjr� wr lghqwli| frxqwu|0vshfl�f

5



dqg joredo vkrfnv iurp wkh gdwd gluhfwo|1 Xvlqj wkh vdph prgho iudph0

zrun/ zh dovr lghqwli| shupdqhqw dqg wudqvlwru| vkrfnv wr lqyhvwphqw

dqg wkh fxuuhqw dffrxqw1 Zh duh wkhq deoh wr ghvfuleh wkh pdsslqj

ehwzhhq shupdqhqw dqg wudqvlwru| vkrfnv rq wkh rqh kdqg dqg joredo

dqg frxqwu|0vshfl�f vkrfnv rq wkh rwkhu1 Rxu uhdvrqlqj zloo eh edvhg

rq jhrphwulf lqvljkwv dqg zloo jlyh ulvh wr d phdvxuh ri shuvlvwhqfh ri

frxqwu|0vshfl�f vkrfnv1 Wkh txdolw| ri rxu lghqwl�fdwlrq ri erwk frxqwu|0

vshfl�f vkrfnv dqg wkhlu shuvlvwhqfh lv wkhq dvvhvvhg lq wzr zd|v= �uvw/

furvv0frxqwu|0fruuhodwlrqv ri vkrfnv duh fdofxodwhg iru wkh sdqho ri wkh

vhyhq odujhvw hfrqrplhv lq wkh zruog1 Vhfrqgo|/ zh xvh rxu prghov dqg

wkh nqrzohgjh derxw frxqwu|0vshfl�flw| wr iruhfdvw wkh fxuuhqw dffrxqw

edvhg rq d suhvhqw ydoxh irupxod1 Lqghhg/ rxu prghov shuirup yhu| zhoo

lq iruhfdvwlqj fxuuhqw dffrxqw ehkdylrxu1

Wkh uhpdlqghu ri wklv sdshu lv vwuxfwxuhg dv iroorzv= lq vhfwlrq wzr

zh suhvhqw wkh prgho ri Jolfn dqg Urjr� +4<<8, dqg glvfxvv krz wkh|

ghulyh wkh vwuxfwxudo hvwlpdwlrq htxdwlrqv1 Lq vhfwlrq 6 zh zloo lqwurgxfh

rxu rzq dssurdfk1 Zh vxjjhvw krz wr hvwlpdwh shupdqhqw dqg wudqvlwru|

vkrfnv dv zhoo dv joredo dqg frxqwu|0vshfl�f vkrfnv iurp wkh gdwd dqg zh

suhvhqw d phdvxuh ri shuvlvwhqfh ri frxqwu|0vshfl�f vkrfnv wkdw lv edvhg

rq d jhrphwulf uhdvrqlqj1 Vhfwlrq 7 suhvhqwv gdwd dqg hvwlpdwlrq uhvxowv

dqg vhfwlrq 8 frqfoxghv1

5 Vwuxfwxudo hvwlpdwlrq htxdwlrqv

Jolfn dqg Urjr� +4<<8, xvh d vlpsoh lqwhuwhpsrudo prgho zlwk dgmxvw0

phqw frvwv dqg txdgudwlf xwlolw|1 Wkh uhsuhvhqwdwlyh djhqw pd{lpl}hv

.|
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LE�|n�� zkhuh LE�� ' � � �

2
�2 +4,

vxemhfw wr wkh lqwhuwhpsrudo exgjhw frqvwudlqw

�|n� ' -�| n��| � �| +5,
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zkhuh d�c��c�oghqrwh wkh qhw iruhljq dvvhw srvlwlrq/ qhw rxwsxw gh�qhg

dv wkh gl�huhqfh ehwzhhq JGS dqg Lqyhvwphqw/ ��| ' t| � U|/ dqg

frqvxpswlrq uhvshfwlyho| dqg - ' � n o zkhuh o lv wkh zruog lqwhuhvw

udwh zklfk khuh lv dvvxphg wr htxdo wkh uhsuhvhqwdwlyh lqglylgxdo*v udwh

ri wlph suhihuhqfh1 Wkh fxuuhqw dffrxqw lv wkhq jlyhq e| wkh fkdqjh lq

wkh qhw iruhljq dvvhw srvlwlrq/ ��| ' {�|1 Htxlydohqwo|/ gh�qlqj vdylqj

dv 7 ' t � � n o� zh jhw wkh frqyhqwlrqdo gh�qlwlrq ri wkh fxuuhqw

dffrxqw/ �� ' 7 � U1

Wkh surgxfwlrq vlgh ri wkh hfrqrp| lv ghvfulehg e| d Free0Grxjodv

w|sh surgxfwlrq ixqfwlrq jlyhq e|

t| ' �S
|�

�
| g

�
|

�
�� }

2

�
U2|
g|

��

Khuh/ g| ghqrwhv wkh wlph w fdslwdo vwrfn/ U| ' {g|n� lv jurvv

lqyhvwphqw / � lv wkh fdslwdo vkduh ri wkh hfrqrp|/ } lv d srvlwlyh frqvwdqw

dqg � '
�
�S
| c ��

|

�
�

lv d yhfwru ri frxqwu|0vshfl�f dqg joredo wrwdo

idfwru surgxfwlylwlhv zklfk lv vxssrvhg wr iroorz dq DU+4,0surfhvv=

�| '

�
�S
|
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|

�
'

�
4C- f

f �
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�|3� n

�
0S|
0�|

�
+6,

zkhuh 0S| dqg 0�| duh vxssrvhg wr eh pxwxdoo| xqfruuhodwhg dw doo ohdgv

dqg odjv1

Jolfn dqg Urjr� +4<<8, olqhdul}h wkh �uvw rughu frqglwlrqv zklfk

|lhogv d v|vwhp ri htxdwlrqv ri wkh iroorzlqj irup=

t| ' @UU| n @gg| n @���| n >t | +7,

U| ' K�U|3� n
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��r i.|�|nr � .|3��|nr3�jn >U| +8,
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zkhuh ��

r '
�
_Sb

r

Sc _�b
r

�

�
dqg /bS dqg b� duh srvlwlyh dqg vpdoohu

wkdq xqlw|1

Lq wkh deryh/ �� '
�
>t | >U| >�|

�
lv d yhfwru ri pxwxdoo| xq0

fruuhodwhg l1l1g1 glvwxuedqfhv wkdw lv dgghg dg krf wr surylgh wkh huuru

vwuxfwxuh iru wkh hvwlpdwlrq htxdwlrqv1 Iurp wklv olqhdul}dwlrq/ lw lv wkhq

srvvleoh wr ghulyh wkh hvwlpdeoh htxdwlrqv

{U| ' EK� � ��U|3� n K2{�
S

| n K�{�
�

| n �U| +:,

dqg lq wkh fdvh ri 4C- ' �=

{��| ' S�U|3� n S2{�
S

| n S�{�
�

| n o��|3� n ���| +;,

Djdlq/ ��| '
�
�U| ���|

�
duh huuru whupv wkdw duh ixqfwlrqv ri �|1

Jolfn dqg Urjr� dovr vkrz wkdw ���| lv fruuhodwhg zlwk ��|3� zkhuhdv

U|3� lv suhghwhuplqhg lq wkh htxdwlrq iru {��|1 Wkh| vroyh wklv sureohp

e| lpsrvlqj d ydoxh iru o1 Wkhq wkh v|vwhp ri htxdwlrqv +:, dqg +;,

fdq eh hvwlpdwhg e| wzr vwdjh ohdvw vtxduhv dv d vhhplqjo| xquhodwhg

uhjuhvvlrq prgho1

Lw lv dq lpsruwdqw uhvxow ri Jolfn dqg Urjr� wkdw wkh frh!flhqw

rq {��
| lq wkh ��0htxdwlrq lv irxqg wr eh lqvljql�fdqw iru doo vhyhq

frxqwulhv/ lq dffrugdqfh zlwk wkh wkhru|1 Krzhyhu/ wkhlu hpslulfdo lp0

sohphqwdwlrq uhyhdov d sx}}oh=

Xqghu wkh dvvxpswlrq wkdw frxqwu|0vshfl�f vkrfnv gr kdyh d shu0

pdqhqw h�hfw rq qhw rxwsxw/ wkh wkhru| dovr suhglfwv wkdw mS2m *K2 : � /

l1h1 wkh uhdfwlrq ri wkh fxuuhqw dffrxqw wr frxqwu|0vshfl�f vkrfnv vkrxog

eh vwurqjhu wkdq wkh uhvsrqvh ri lqyhvwphqw1 D srvlwlyh/ shupdqhqw

frxqwu|0vshfl�f WIS0vkrfn lqfuhdvhv wrgd|*v jurvv rxwsxw/ t|1 Ixwxuh

jurvv rxwsxw zloo krzhyhu hyhq eh kljkhu wkdq wrgd|*v jurvv rxwsxw eh0

fdxvh wkh surgxfwlylw| vkrfn pdnhv lw sur�wdeoh wr lqyhvw1 Khqfh wkh

ixwxuh fdslwdo vwrfn dqg frqvhtxhqwo| dovr ixwxuh rxwsxw zloo eh kljkhu1

Ehfdxvh frqvxpswlrq lqvwdqwdqhrxvo| dgmxvwv wr wkh shupdqhqwo| kljkhu

ixwxuh rxwsxw vwuhdp/ wklv lpsolhv wkdw vdylqjv zloo kdyh wr idoo dqg khqfh

wkh fxuuhqw dffrxqw vkrxog fkdqjh e| pruh wkdq lqyhvwphqw +lq wkh rs0

srvlwh gluhfwlrq/ wkrxjk,1

8



Iurp wkh gdwd/ Jolfn dqg Urjr� frqvlvwhqwo| �qg hvwlpdwhv ri S2
wkdw duh vpdoohu lq devroxwh ydoxh wkdq wkrvh iru K21 Wklv lv sx}}olqj

exw wklv uhvxow vwurqjo| ghshqgv rq wkh shuvlvwhqfh ri frxqwu|0vshfl�f

vkrfnv1 Jolfn dqg Urjr� vkrz wkdw hyhq iru vpdoo ghyldwlrqv ri 4
C-

iurp xqlw|/ wkh uhodwlyh fxuuhqw0dffrxqw 2 lqyhvwphqw uhvsrqvh fdq eh

vxevwdqwldoo| pxwhg= dv wkh vkrfn lv qr orqjhu shupdqhqw/ shrsoh zloo

vdyh pruh lqvwhdg ri ohvv1 Dw wkh vdph wlph/ wkh lqfhqwlyh wr lqyhvw lv

zhdnhqhg dv surgxfwlylw| zloo rqo| eh whpsrudulo| kljk1 Jolfn dqg Urjr�

vkrz wkdw iru uhdvrqdeo| fkrvhq sdudphwhu ydoxhv ri wkh vwuxfwxudo prgho

wkh ��*U uhvsrqvh zloo idoo lqwr wkh udqjh ri wkhlu hvwlpdwhv1

Lq wkh iroorzlqj vhfwlrq/ zh rxwolqh dq dowhuqdwlyh dssurdfk wkdw

uholhv rq phdvxulqj wkh uhodwlyh lpsruwdqfh ri wudqvlwru| dqg shupdqhqw

frpsrqhqwv lq frxqwu|0vshfl�f vkrfnv udwkhu wkdq vshfli|lqj lw d sulrul/

dv lq htxdwlrq +6, zklfk uhtxluhv vkrfnv wr eh ixoo| shupdqhqw ru ixoo|

wudqvlwru|11 Dv zh zloo vkrz/ rxu pruh gdwd0gulyhq dssurdfk ohdgv wr

dq dowhuqdwlyh vroxwlrq ri wkh Jolfn0Urjr� sx}}oh= li vkrfnv kdyh erwk

shupdqhqw dqg wudqvlwru| frpsrqhqwv/ wkh hvwlpdwhg uhvsrqvh lq wkh

Jolfn0Urjr� prgho pd| eh dq dpdojdp ri uhvsrqvhv wr shupdqhqw dqg

wudqvlwru| vkrfnv1

Rxu phwkrg lv edvhg rq d frlqwhjudwhg YDU0prgho ri lqyhvwphqw

dqg wkh fxuuhqw dffrxqw= zh �uvw lghqwli| joredo dqg frxqwu|0vshfl�f

vkrfnv iurp wkh gdwd1 Wkhq zh uhuxq wkh prgho zlwk dq dowhuqdwlyh

lghqwl�fdwlrq vfkhph wkdw h{sorlwv wkh frlqwhjudwlqj lqirupdwlrq lq wkh

gdwd wr lghqwli| shupdqhqw dqg wudqvlwru| vkrfnv1 Zh duh wkhq deoh wr

frpsduh joredo dqg frxqwu|0vshfl�f vkrfnv zlwk shupdqhqw dqg wudqvl0

wru| glvwxuedqfhv dqg zh fdq lqyhvwljdwh krz rqh fodvv ri vkrfnv pdsv

lqwr wkh rwkhu1 Zh fdq wkhq vxjjhvw d phdvxuh ri wkh shuvlvwhqfh ri joredo

dqg frxqwu|0vshfl�f vkrfnv wkdw lv edvhg rq d jhrphwulf uhdvrqlqj1

6 Lghqwli|lqj wkh vkrfn pdwul{

Lq wklv vhfwlrq/ zh zloo suhvhqw wkh vwuxfwxudo YDU whfkqltxhv wkdw zh

zloo xvh wr phdvxuh wkh shuvlvwhqfh ri frxqwu| 0vshfl�f dqg joredo vkrfnv1

9



Zh zloo frqvlghu d vlpsoh elyduldwh YDU lq lqyhvwphqw dqg wkh

fxuuhqw dffrxqw=

�Ew�j
|
' 0| +<,

zkhuh j�

|
'
�
��|c U|

�
1

Rxu dlp lv wr lghqwli| wzr fodvvhv ri vkrfnv iurp wklv prgho= shu0

pdqhqw yv1 wudqvlwru| vkrfnv dqg joredo yv1 frxqwu|0vshfl�f vkrfnv1

Ixuwkhupruh/ zh zdqw wr �qg rxw krz rqh fodvv ri vkrfnv pdsv lqwr wkh

rwkhu/ l1h1 zh zdqw wr nqrz krz shuvlvwhqw frxqwu|0vshfl�f vkrfnv duh ru

zh zdqw wr nqrz krz pxfk ri wkh w|slfdo yduldwlrq lq shupdqhqw vkrfnv

lv h{sodlqhg e| joredo lq xhqfhv1

614 Shupdqhqw yv wudqvlwru|

Li lqyhvwphqw dqg vdylqjv lq wkh prgho0hfrqrp| odlg rxw lq vhfwlrq 5

fdq eh fkdudfwhul}hg e| UE��0surfhvvhv/ wkhq wkh lqwhuwhpsrudo dssurdfk

lpsrvhv d frlqwhjudwlqj uhodwlrqvkls rq wkh gdwd= wkh fxuuhqw dffrxqw

zloo kdyh wr eh vwdwlrqdu| dv lw fdq eh uhsuhvhqwhg dv wkh glvfrxqwhg vxp

ri fkdqjhv lq qhw rxwsxw1 Dv qhw rxwsxw lv lwvhoi dvvxphg wr eh dq UE��0

surfhvv/ lwv gl�huhqfhv zloo eh UEf� dqg vr zloo eh wkh fxuuhqw dffrxqw1

Dv lqyhvwphqw dqg vdylqjv duh UE��/ wkhuh lv d frlqwhjudwlqj uhodwlrqvkls

ehwzhhq wkhp1

Frlqwhjudwlrq lv d jhqhudo surshuw| ri suhvhqw ydoxh prghov dqg wkh

lpsolfdwlrqv ri wklv surshuw| iru hfrqrphwulf prghoolqj kdyh �uvw ehhq

h{soruhg e| Fdpsehoo dqg Vkloohu +4<;:,1 Lq rxu prgho/ wkh frlqwhjudwlqj

uhvwulfwlrq dprxqwv wr vd|lqj wkdw ��| lv vwdwlrqdu| zkloh U| lv qrw1 Ohw

xv uhzulwh wkh YDU lq huuru fruuhfwlrq irup +YHFP,/ qhjohfwlqj frqvwdqw

whupv=

KEw�{j
|
' ���j|3�n%| +43,

Wkhq wkh wkhru| zrxog suhglfw wkdw ��'
�
� f

�
1

:



Wkh YHFP fdq eh lqyhuwhg wr |lhog d Ehyhulgjh0Qhovrq0Vwrfn0

Zdwvrq +EQVZ, uhsuhvhqwdwlrq lq whupv ri uhgxfhg0irup glvwxuedqfhv=

j|' �E��
|[

,'f

%,n�
WEw�%| +44,

zkhuh �WEu�0| lv d vwdwlrqdu| prylqj dyhudjh dqg wkh �uvw whup

lv wkh udqgrp zdon frpsrqhqw ri wkh UE��0surfhvv f|1 Dv Mrkdqvhq

+4<<8, kdv vkrzq/ �E�� kdv d forvhg0irup uhsuhvhqwdwlrq lq whupv ri wkh

sdudphwhuv ri wkh YHFP=

�E�� ' �
z

E��

z

KE���
z

�3���

z

+45,

zkhuh �
z

c�
z

duh wkh ruwkrjrqdo frpsohphqwv ri � dqg � uhvshfwlyho|1

Dv wklv uhsuhvhqwdwlrq vkrzv/ �E�� lv ri uhgxfhg udqn= li wkhuh duh �

frlqwhjudwlqj uhodwlrqvklsv/ wkhq �E�� kdv udqn ?� � zkhuh ? lv wkh gl0

phqvlrq ri wkh v|vwhp1 Wklv uh hfwv wkh idfw wkdw lq d frlqwhjudwhg v|v0

whp/ wkhuh lv d uhgxfhg qxpehu ri frpprq wuhqgv wkdw gulyh wkh v|vwhp

lq wkh orqj0uxq1 Wklv lv zkdw xqghuolhv wkh Vwrfn0Zdwvrq uhsuhvhqwd0

wlrq ri d frlqwhjudwhg vwrfkdvwlf surfhvv1 Zh fdq zulwh wkh udqgrp zdon

frpsrqhqw dv

�E��
|[

,'f

%,' �f�
�

z

|[
,'f

%,' �f� | +46,

zkhuh wkh frpprq wuhqgv duh jlyhq e| � |' ��

z

S|

,'f %,1 Dffruglqjo|/

wkh shupdqhqw vkrfnv wr wkh v|vwhp duh mxvw jlyhq e| �|' ��

z

%|1 Li zh

uhtxluh wkdw shupdqhqw dqg wudqvlwru| vkrfnv vkrxog eh ruwkrjrqdo wr

hdfk rwkhu/ wkh wudqvlwru| vkrfnv duh jlyhq e|

1| ' ��l3�%| +47,

zkhuh l lv wkh yduldqfh0fryduldqfh pdwul{ ri wkh uhgxfhg irup uhvlgxdov

%|1

Khqfh/ wkh pdwul{ � wkdw pdsv %| rq wkh yhfwru ri shupdqhqw dqg

wudqvlwru| glvwxuedqfhv/ ��| '
�
#|c 1|

�
lv jlyhq e|

� '

%
Ek�

z

lk
z
�3�*2��

z

Ek�l3�k�
3�*2

��l3�

&
+48,

;



zkhuh wkh idfwruv Ek�
z
lkz�

3�*2 dqg Ek�l3�k�
3�*2

qrupdol}h #| dqg 1| wr

kdyh xqlw yduldqfh1

615 Joredo yv1 frxqwu|0vshfl�f

Zh duh qrz lq d srvlwlrq wr lghqwli| shupdqhqw dqg wudqvlwru| glvwxu0

edqfhv1 Lq d qh{w vwhs/ zh qhhg wr lghqwli| joredo dqg frxqwu|0vshfl�f

vkrfnv iurp wkh gdwd1 Wkh vroxwlrq lq wklv fdvh zloo qrw frph iurp d

fruuhfw lqwhusuhwdwlrq ri wkh sdudphwhuv ri wkh hfrqrphwulf prgho exw

udwkhu iurp rxwvlgh/ l1h1 iurp hfrqrplf wkhru|1 Wkhru| suhglfwv wkdw

wkh fxuuhqw dffrxqw vkrxog qrw uhdfw wr joredo vkrfnv1 Rxu whvwv zloo eh

 dzhg li zh zurqjo| exlog rxu dqdo|vlv rq wklv suhvxpswlrq1 Exw wklv

lv h{dfwo| wkh pdlq �qglqj e| Jolfn dqg Urjr�= lq wkhlu hvwlpdwhv/ wkh

joredo vkrfn doprvw qhyhu kdv d vljql�fdqw h�hfw rq wkh fxuuhqw dffrxqw

lq wkh vdph shulrg1 Zh fdq wkhuhiruh edvh rxu dqdo|vlv rq wkhluv/ dvvxp0

lqj wkdw zh fdq ydolgo| lghqwli| joredo iurp frxqwu|0vshfl�f vkrfnv e|

lpsrvlqj wkdw wkh iruphu gr qrw kdyh d frqwhpsrudqhrxv h�hfw rq wkh

fxuuhqw dffrxqw1

Lq wkh iudphzrun ri rxu YDU/ wklv dprxqwv wr d yhu| vlpsoh dqg

frqyhqlhqw lghqwli|lqj uhvwulfwlrq= lghqwl�fdwlrq lv dfklhyhg e| phdqv ri d

Fkrohvnl ghfrpsrvlwlrq ri wkh yduldqfh0fryduldqfh pdwul{ ri wkh uhgxfhg

irup uhvlgxdov/ l1 Wr vhh wklv/ frqvlghu wkh EQVZ0uhsuhvhqwdwlrq

j|' �E��
|[

,'�

%,n�
WEw�%| +49,

zh kdyh uhihuuhg wr wklv dv wkh *uhgxfhg* irup1 Zh fdq uhzulwh lq

gl�huhqfh irup=

{j|' �Ew�%| +4:,

zkhuh wkh frh!flhqwv ri wkh pdwul{ sro|qrpldo �Ew� duh jlyhq e|

��' �W

���W

�3�1

Wkhq/ zh k|srwkhvl}h wkh h{lvwhqfh ri d vwuxfwxudo irup

{j|' #Ew�i|

<



zkhuh i
�

|
'
�
eS
|
c e�

|

�
lv wkh yhfwru ri frxqwu|0vshfl�f dqg joredo vkrfnv1

Lw lv dvvxphg wkdw wkh uhgxfhg irup uhvlgxdov duh d olqhdu ixqfwlrq ri wkh

vwuxfwxudo glvwxuedqfhv e|=

%|' 5i| +4;,

Ixuwkhupruh/ wkh vwuxfwxudo glvwxuedqfhv duh ruwkrqrupdo/ l1h1 �@hEi
|
� ' W

?
1

Lw lv wkhq fohdu wkdw

l ' 55� +4<,

dqg

#Ew� ' �Ew�5 +53,

Lq d elyduldwh v|vwhp/ wkh �uvw ri wkhvh frqglwlrqv jlyhv wkuhh uhvwulfwlrqv

iru wkh irxu hohphqwv ri 51 Wr dfklhyh lghqwl�fdwlrq/ rqh dgglwlrqdo uh0

vwulfwlrq lv qhhghg dqg zh jhw lw iurp wkh wkhru|= joredo vkrfnv gr qrw

kdyh d frqwhpsrudqhrxv lpsdfw rq wkh fxuuhqw dffrxqw1 Uhfdoolqj wkdw

j�

|
'
�
��| U|

�
dqg

�Ef�5 ' 5 ' #Ef� +54,

wklv dprxqwv wr dvvxplqj wkdw 7 lv orzhu wuldqjxodu=

5 '

�
r�� f

r�2 r22

�

Zh qrz kdyh fodvvl�hg glvwxuedqfhv wr rxu elyduldwh v|vwhp df0

fruglqj wr wzr fdwhjrulhv= wkhlu shuvlvwhqfh dqg wkhlu frxqwu|0vshfl�flw|1

Wkh txhvwlrq wkdw zh vhw rxw wr dqvzhu lv= krz shuvlvwhqw duh frxqwu|0

vshfl�f dqg joredo vkrfnvB Zh duh qrz lq wkh srvlwlrq wr dqvzhu wklv

txhvwlrq1 Wkh pdwul{ wkdw pdsv joredo dqg frxqwu|0vshfl�f vkrfnv lqwr

wkh shupdqhqw dqg wudqvlwru| grpdlq lv jlyhq e|

�
|' �5i|' "i

|
+55,

Qrwh wkdw " ' �5 lv d ruwkrqrupdo pdwul{/ l1h1 ""�' W?1

43



Wkh pdwul{ " frqwdlqv doo wkh lqirupdwlrq zh duh lqwhuhvwhg lq1 Lq

idfw/ " lv qrwklqj hovh wkdq wkh fryduldqfh ri �| dqg i|=

.E�
|
i�

|
� ' ".Ei

|
i�

|
� ' " +56,

Qrwh wkdw gxh wr wkh xqlw yduldqfh ri wkh frpsrqhqwv ri i| dqg �|/ " dovr

gh�qhv wkh furvv0fruuhodwlrq ri i| dqg �| Exw eh|rqg ehlqj fryduldqfh dqg

fruuhodwlrq pdwul{ dw wkh vdph wlph/ wkh ruwkrqrupdolw| ri " surylghv d

sduwlfxodu vwuxfwxuh1 Lw whoov xv/ wkdw li zh fkrrvh wkh ruwkrjrqdo edvlv

ri shupdqhqw dqg wudqvlwru| vkrfnv dv rxu frruglqdwh v|vwhp/ joredo

dqg frxqwu|0vshfl�f vkrfnv duh mxvw d sdlu ri ruwkrjrqdo yhfwruv lq wklv

frruglqdwh v|vwhp dqg wkh frruglqdwhv duh jlyhq e| wkh urzv ri "1 Dovr/

wkh vtxduhv ri wklv frruglqdwhv duh mxvw wkh vkduh ri wkh yduldqfh ri i| wkdw

lv jlyhq e| shupdqhqw dqg wudqvlwru| vkrfnv1 Iljxuh +4, lq wkh dsshqgl{/

looxvwudwhv wklv jhrphwulf lqwxlwlrq= wkh xsshu ohiw hqwu| ri " zklfk zh

zloo khqfhiruwk ghqrwh e| 4/ lv qrwklqj hovh wkdq wkh frvlqh ri wkh dqjoh b

ehwzhhq wkh w|slfdo frxqwu|0vshfl�f vkrfn dqg wkh shupdqhqw d{lv/ wkh

vsdq ri dfc #o�1

Lq idfw/ " lv qrwklqj hovh wkdq d urwdwlrq ri wkh ruwkrjrqdo edvlv ri

wkh frxqwu|0vshfl�f dqg joredo vkrfnv rqwr wkh edvlv ri shupdqhqw dqg

wudqvlwru| vkrfnv1 Khqfh/ wkh sdudphwhu 4 ru/ dowhuqdwlyho|/ wkh dqjoh b

xqltxho| ghwhuplqh "1 Lq rwkhu zrugv= wkh vsdfh ri ruwkrqrupdo E2� 2�

pdwulfhv lv rqh0glphqvlrqdo1 Wklv ehfrphv lpphgldwho| dssduhqw iurp

uhfdoolqj wkdw""�' W/ zklfk lpsrvhv 6 qrq0uhgxqgdqw uhvwulfwlrqv rq"1

Zh fdq wkhq sdudphwul}h " dv d ixqfwlrq ri wkh shupdqhqw frpsrqhqw

ri frxqwu|0vshfl�f vkrfnv dv iroorzv=

" E4� '

%
4 �

s
�� 42s

�� 42 4

&
'

�
ULtb � t�?b

t�?b ULtb

�
+57,

Zh gholehudwho| fkrrvh 4 wr ghqrwh wkh shupdqhqw frpsrqhqwv

ri frxqwu|0vshfl�f vkrfnv/ lq dqdorj| wr 4
C-

lq vhfwlrq 51 Fhuwdlqo|/

wkhvh duh qrw wkh vdph sdudphwhuv exw lq wkh frqwh{w ri gl�huhqw prg0

hov wkh| irupdol}h wkh vdph qrwlrq= 4 phdvxuhv wkh fruuhodwlrq ehwzhhq

wkh frxqwu|0vshfl�f dqg wkh shupdqhqw vkrfn lq wkh YDU/ zkhuhdv 4
C-

urxjko| phdvxuhv wkh frqglwlrqdo fruuhodwlrq ehwzhhq �S

|
dqg �S

|3�
1 Lq

wklv vhqvh/ erwk 4 dqg 4
C-

duh shuvlvwhqfh phdvxuhv1
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616 Fxuuhqw dffrxqw uhvsrqvh dqg shuvlvwhqfh

Jolfn dqg Urjr� +4<<8, vkrz wkhruhwlfdoo|/ krz wkh shulrg }hur fxuuhqw

dffrxqw dqg lqyhvwphqw uhvsrqvhv ghshqg rq wkh shuvlvwhqfh ri frxqwu|0

vshfl�f vkrfnv1 Lq wklv vxevhfwlrq/ zh zloo glvfxvv krz rxu iudphzrun

fdq eh xvhg wr dvvhvv zkhwkhu h{fhvv vhqvlwlylw| fdq dffrxqw iru wkhlu

uhvxowv1 Uhfdoo wkdw Jolfn dqg Urjr� irxqg wkdw/ hpslulfdoo|/ lqyhvwphqw

uhdfwv pxfk vwurqjhu wkdq wkh fxuuhqw dffrxqw lq uhvsrqvh wr d frxqwu|0

vshfl�f vkrfn1 Lq whupv ri rxu prgho/ wkdw fruuhvsrqgv wr hvwlpdwhv ri

wkh pdwul{ 5 ' ir��j vxfk wkdw mr��m 	 r�21 Krzhyhu/ dv orqj dv frxqwu|0

vshfl�f vkrfnv kdyh vrph shupdqhqw lpsdfw/ wkh suhglfwlrq ri wkh wkhru|

lv mxvw wkh lqyhuvh= wkh fxuuhqw dffrxqw vkrxog uhdfw pxfk vwurqjhu wkdq

lqyhvwphqw1

Qrwh wkdw rxu phdvxuh ri shuvlvwhqfh/ 4 dqg khqfh wkh pdwul{ "

lv d ixqfwlrq ri wkh shulrg }hur lpsxovh uhvsrqvh ri fxuuhqw dffrxqw dqg

lqyhvwphqw1 Wdnlqj dq *lqyhuvh hqjlqhhulqj* dssurdfk/ zh fdq wkhuhiruh

dvn d txhvwlrq wkdw lv wkh uhgxfhg0irup dqdorjxh wr Jolfn dqg Urjr�=

krz grhv shuvlvwhqfh ghshqg rq fkdqjhv lq wkh uhodwlyh lpsxovh uhvsrqvhv

dqg ylfh yhuvdB

Iru wklv sxusrvh/ uhfdoo wkdw

" ' �5 +58,

Qrz ohw �� '
�
k� k2

�
1 Wkhq ��

z
'
� �k2 k�

�
1 Ixuwkhupruh/

ohw l ' i/��j1 Qrwh dovr wkdw 5 lv mxvw wkh orzhu Fkrohvnl0idfwru ri l

zklfk lv jlyhq e|

5 '

% s
/�� f

/2�*
s
/��

s
/22 � /2

2�
*/��

&
+59,

Wkhq soxjjlqj lq iru " zh fdq zulwh wkh xsshu ohiw hqwu|/ 4/ dv iroorzv=

4 '
�k2

s
/�� n k�/2�*

s
/��s

k2

2
/�� n @2

�
/22 � 2k�k2/2�

+5:,
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Ohw xv dovr frqvlghu wkh uhodwlyh lpsxovh uhvsrqvh ri fxuuhqw dffrxqw

dqg lqyhvwphqw zklfk iurp wkh deryh lv mxvw jlyhq e| wkh udwlr ri wkh

fxuuhqw dffrxqw yduldqfh wr wkh fryduldqfh zlwk lqyhvwphqw=

� '
r��
r2�

'
/��

/2�

Zh qrz kdyh h{suhvvhg wkh shuvlvwhqfh ri frxqwu|0vshfl�f vkrfnv

dv dq lqyroyhg ixqfwlrq ri wkh dgmxvwphqw frh!flhqwv �/ wkh yduldqfh0

fryduldqfh0vwuxfwxuh ri lqyhvwphqw dqg wkh fxuuhqw dffrxqw1 Krzhyhu/

zh vkrxog udwkhu wklqn ri 4 dv wkh qdwxudo sdudphwhu dqg wkh lpsxovh

uhvsrqvh dqg khqfh wkh fryduldqfh vwuxfwxuh dv dq rxwfrph ri wkh hfr0

qrplf vwuxfwxuh1 Zkdw zh duh sduwlfxoduo| lqwhuhvwhg lq lv wkh fkdqjh

ri wkh lpsxovh uhvsrqvh zlwk uhvshfw wr d fkdqjh lq shuvlvwhqfh durxqg

4 ' �1

Wkh vwudwhj| zh duh jrlqj wr sxuvxh lv dv iroorzv= zh duh jrlqj wr

uhsdudphwhul}h 4 dqg � dv ixqfwlrqv ri wkh fruuhodwlrq ri fxuuhqw dffrxqw

dqg lqyhvwphqw zklfk lv gh�qhg e|

� '
/2�s
/��/22

L1h1/ zh duh jrlqj wr wuhdw wkh dgmxvwphqw sdudphwhuv/ �/ dqg wkh frq0

glwlrqdo yduldqfhv ri lqyhvwphqw dqg wkh fxuuhqw dffrxqw/ /22 dqg /��

uhvshfwlyho|/ dv �{hg1 Wkh fruuhodwlrq � wkhuhiruh frqwdlqv wkh vdph

lqirupdwlrq dv /2�1 Xvlqj wkh lpsolflw ixqfwlrq wkhruhp/ zh fdq wkhq

h{suhvv Y�*Y4 dw 4 ' � dqg wkhuhiruh dovr jhw d qrwlrq ri wkh vhqvlwlylw|

ri � lq d qhljkerxukrrg ri 4 ' �1 Wklv lv grqh lq wkh pdwkhpdwlfdo

dsshqgl{1 Ehiruh zh surylgh wkh uhvxowv/ krzhyhu/ ohw xv eulh | vkdushq

rxu lqwxlwlrq e| frqvlghulqj zkdw kdsshqv li 4 ' �1 Zh fdq wkhq vroyh

+5:, wr �qg wkdw

� ' 	� +5;,

Wklv lv dq lpsruwdqw �uvw uhvxow= li dqg rqo| li frxqwu|0vshfl�f vkrfnv duh

frpsohwho| shuvlvwhqw/ zh vkrxog h{shfw fkdqjhv lq wkh fxuuhqw dffrxqw

dqg lqyhvwphqw wr eh shuihfwo| fruuhodwhg1 Wklv h{sodlqv zk| Jolfn dqg

Urjr� 0 olnh pdq| rwkhu dxwkruv 0 �qg d urexvw qhjdwlyh fruuhodwlrq
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wkdw lv/ krzhyhu/ vljql�fdqwo| gl�huhqw iurp rqh1 Frpsohwh shuvlvwhqfh

ri frxqwu|0vshfl�f vkrfnv ohdgv wr vlqjxodulw| ri wkh pdwul{ l/ zklfk lv

dqrwkhu zd| ri vwdwlqj wkdw lqyhvwphqw dqg wkh fxuuhqw dffrxqw kdyh d

*frpprq f|foh*41

Lq wkh dsshqgl{/ zh ghulyh wkh iroorzlqj h{suhvvlrq iru Y�*Y4 dw

4 ' � G

Y�*Y4�4'� '

�
�� k2

k�

u
/��
/22

�2
+5<,

Soxjjlqj lqwr � '
I
/��

�
I
/22

dqg grlqj d Wd|oru h{sdqvlrq durxqg � ' �/ zh

�qg wkdw

�E��{4� '

u
/��
/22

n

u
/��
/22

�
�� k2

k�

u
/��
/22

�2
{4 +63,

dqg reylrxvo|/ zh fdq dssur{lpdwh

Y�*Y4 '

u
/��
/22

�
�� k2

k�

u
/��
/22

�2

Wklv lv wkh vhfrqg lpsruwdqw uhvxow ri wklv vhfwlrq= xvlqj wkh sd0

udphwhuv ri wkh uhgxfhg irup/ zh fdq hvwlpdwh/ krz vhqvlwlyh wkh fxuuhqw0

dffrxqw dqg lqyhvwphqw uhvsrqvh zrxog eh wr vpdoo fkdqjhv lq wkh shuvlv0

whqfh ri frxqwu|0vshfl�f vkrfnv durxqg 4 ' � 0 nhhslqj E�cl� �{hg1 Wklv

sxwv xv lq wkh srvlwlrq wr hpslulfdoo| dvvhvv zkhwkhu vpdoo ghsduwxuhv

iurp wkh dvvxpswlrq wkdw frxqwu|0vshfl�f WIS iroorzv d udqgrp0zdon

fdq udwlrqdol}h wkh �qglqjv ri Jolfn dqg Urjr�1

4Wklv lv mxvw d gxdo zd| ri skudvlqj wkh Ihogvwhlq0Krulrnd sx}}oh= li fkdqjhv lq wkh

fxuuhqw dffrxqw dfwxdoo| uhsuhvhqw fkdqjhv lq lqyhvwphqw wkhq wkh fryduldqfh ehwzhhq

vdylqjv dqg lqyhvwphqw fkdqjhv zloo eh }hur1 Lq hduolhu zrun +Kr�pdqq +4<<;,,/ zh

kdyh dujxhg wkdw fruuhodwlrqv ri dssursuldwho| ghwuhqghg vdylqjv dqg lqyhvwphqw gdwd

fdq wdnh dq| ydoxh zlwkrxw dvvxpswlrqv rq wkh vwuxfwxuh ri xqghuo|lqj vkrfnv exw

wkdw wkh| duh shu vh xqlqirupdwlyh derxw fdslwdo prelolw|1 Wkh suhvhqw sdshu fdq

eh lqwhusuhwhg dv h{whqglqj wklv dujxphqw wr fkdqjhv ri vdylqjv dqg lqyhvwphqw= li

frxqwu|0vshfl�f vkrfnv duh qrw shupdqhqw exw shuvlvwhqw/ lqyhvwphqw0fxuuhqw dffrxqw

uhodwlrqv fdq eh orz zlwkrxw dq| lpsolfdwlrqv iru fdslwdo prelolw|1 Lq wkhruhwlfdo

whupv/ wklv lqvljkw kdv �uvw ehhq sxw iruzdug e| Revwihog +4<;9/ 4<<8,1
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617 Iruhfdvw shuirupdqfh dqg frxqwu|0vshfl�flw|

Wkh hvvhqwldo phvvdjh ri wkh suhylrxv vhfwlrq zdv wkdw vpdoo fkdqjhv

lq shuvlvwhqfh fdq kdyh gudpdwlf h�hfwv rq wkh g|qdplf uhvsrqvhv ri

lqyhvwphqw dqg wkh fxuuhqw dffrxqw1

Lq wklv vhfwlrq/ zh zloo dujxh wkdw wkh iruhfdvw shuirupdqfh ri YDUv

fdq eh xvhg wr dvvhvv wkh ydolglw| ri wkh lqwhuwhpsrudo dssurdfk1 Wklv

lghd lv qrw qhz1 Wkhuh lv d ghyhorslqj exw vwloo vpdoo olwhudwxuh wkdw whvwv

wkh suhvhqw ydoxh irupxod ri wkh fxuuhqw dffrxqw wkdw lv lpsolhg e| wkh lq0

whuwhpsrudo dssurdfk +Vkh�ulq dqg Zrr +4<<3,/ Jrvk +4<<8,,1 Wkh jhq0

hudo  dyrxu ri wkh uhvxowv lv wkdw YDU0iruhfdvwv edvhg rq d suhvhqw ydoxh

irupxod gr d jrrg mre lq wudfnlqj xsv dqg grzqv lq wkh fxuuhqw dffrxqw

+l1h1 duh kljko| fruuhodwhg zlwk revhuyhg fxuuhqw dffrxqwv,1 \hw1 wkh

yrodwlolw| ri wkh lpsolhg fxuuhqw dffrxqw iruhfdvwv riwhq gl�huv pdunhgo|

iurp wkh dfwxdoo| revhuyhg fxuuhqw dffrxqw +iru dq looxvwudwlrq/ vhh dovr

wkh judskv lq Revwihog dqg Urjr� +4<<9,/ ss1<60<8,1

Ohw xv qrz looxvwudwh wkh surfhgxuh wkdw lv jhqhudoo| hpsor|hg iru

fxuuhqw0dffrxqw iruhfdvwv= �uvw/ d elyduldwh YDU lv hvwlpdwhg/ frqvlvwlqj

ri wkh uhdo fxuuhqw dffrxqw dqg d sur{| ri qhw rxwsxw/ ��|=

�Ew�~
|
' %| zkhuh ~| '

�
{��|c ��|

��
Wkhq/ wkh YDU lv xvhg wr iruhfdvw {��|1 Wkh fxuuhqw dffrxqw/ lq d

vlpsoh prgho zlwk txdgudwlf xwlolw| olnh wkh rqh odlg rxw deryh/ fdq eh

h{suhvvhg dv wkh suhvhqw glvfrxqwhg ydoxh ri h{shfwhg fkdqjhv lq qhw

rxwsxw=

��| ' �
"[
,'�

-3,.|E{��|n,� +64,

Wkh YDU iruhfdvwv ri {��|n, fdq eh xvhg wr dssur{lpdwh djhqw*v

h{shfwdwlrqv dqg dq lpsolhg fxuuhqw dffrxqw fdq eh fdofxodwhg iurp wkh

YDU/ rqfh d sodxvleoh ydoxh iru wkh lqwhuhvw udwh lv lpsrvhg1

Lq vrph fdvhv wklv surfhgxuh zrunv zhoo/ zkloh lq rwkhuv/ lw grhv

d yhu| edg mre1 Wkh wkhru|/ krzhyhu/ pdnhv pxfk vwurqjhu vwdwhphqwv
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derxw zklfk fkdqjhv lq qhw rxwsxw vkrxog gulyh wkh fxuuhqw dffrxqw= lw

whoov xv wkdw li fdslwdo pdunhwv duh vx!flhqwo| lqwhjudwhg/ wkhq joredo

vkrfnv vkrxog qrw lpslqjh rq wkh fxuuhqw dffrxqw dw doo1 Edvhg rq rxu

uhdvrqlqj lq wkh suhylrxv vhfwlrq/ lw pd| eh srvvleoh wr lpsuryh iruhfdvwv

ri wkh fxuuhqw dffrxqw e| wdnlqj lqwr frqvlghudwlrq rqo| wkrvh suhglfwdeoh

fkdqjhv lq qhw0rxwsxw wkdw duh gulyhq e| frxqwu|0vshfl�f vkrfnv1 Khqfh/

zh fdq uhvwulfw rxu iruhfdvw ri fkdqjhv lq qhw rxwsxw wr wkh frpsrqhqw

wkdw lv gulyhq e| frxqwu|0vshfl�f vkrfnv1 Li zh kdyh lghqwl�hg frxqwu|0

vshfl�f vkrfnv zhoo dqg li rxu wkhru| lv frpsdwleoh zlwk wkh gdwd/ zh

vkrxog eh deoh wr iruhfdvw wkh fxuuhqw dffrxqw dw ohdvw dv zhoo dv li zh

fkrvh wkh wudglwlrqdo dssurdfk1

Hyhq wkrxjk zh kdyh frqvlghuhg d prgho wkdw frqwdlqv lqyhvwphqw

lqvwhdg ri qhw rxwsxw/ zh duh jrlqj wr xvh lqyhvwphqw dv sur{| ri qhw

rxwsxw= li djhqwv h{shfw kljkhu qhw rxwsxw/ wkh| zloo lqyhvw pruh dqg

khqfh fkdqjhv lq lqyhvwphqw vkrxog eh kljko| fruuhodwhg zlwk fkdqjhv

lq qhw rxwsxw1 Dv zh zloo vhh/ wklv qrwlrq lv dovr hpslulfdoo| mxvwl�hg

dqg lq vrph fdvhv/ zh duh deoh wr vxevwdqwldoo| lpsuryh ryhu wkh qdlyh

+wudglwlrqdo, zd| ri iruhfdvwlqj wkh fxuuhqw dffrxqw1

7 Hpslulfdo uhvxowv

714 Gdwd dqg prgho vshfl�fdwlrq

Lq wkh hvwlpdwlrq ri rxu prgho/ zh xvhg wkh gdwd jlyhq lq wkh dsshqgl{ ri

Wd|oru +4<<9,= dqqxdo vdylqjv dqg lqyhvwphqw udwhv iru wkh J:0frxqwulhv

+Xqlwhv Vwdwhv/ Mdsdq/ Jhupdq|/ Iudqfh/ Lwdo|/ wkh Xqlwhg Nlqjgrp dqg

Fdqdgd, iurp 4<93 wr 4<<41 Zh wkhq xvhg wkh uhdo JGS gdwd lq Jrugrq

+4<<6, wr frqyhuw wkh udwhv lqwr ohyhov1

Lq d �uvw vwhs/ zh hvwlpdwhg dq xquhvwulfwhg YDU lq ohyhov wr ghwhu0

plqh wkh fruuhfw odj ohqjwk ri wkh YDU prgho1 Kdqqdq0Txlqq0/ Vfkzdu}0

dqg Dndlnh lqirupdwlrq fulwhuld doo vxjjhvwhg wkdw rqh wr wzr odjv |lhoghg

dq dghtxdwh uhsuhvhqwdwlrq iru doo ri wkh frxqwulhv1 Wr doorz iru ulfkhu

g|qdplfv/ zh fkrvh wzr odjv iru doo prghov1 Zh wkhq shuiruphg whvwv iru
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frlqwhjudwlrq edvhg rq Mrkdqvhq*v +4<;;, surfhgxuh1 Lq wkuhh fdvhv zh

glg qrw �qg frlqwhjudwlrq= iru wkh XV/ Fdqdgd dqg wkh XN/ qr frlqwhjud0

wlrq frxog eh ghwhfwhg/ zkhuhdv iru Mdsdq frlqwhjudwlrq zdv ghwhfwhg dw

wkh <30shufhqw vljql�fdqfh ohyho lq wkh pd{lpxp hljhqydoxh whvw1 Krz0

hyhu/ rxu vdpsoh lv txlwh vkruw +64 revhuydwlrqv, dqg wkh orz srzhu ri

xqlw0urrw whvwv lq sduwlfxodu lq vpdoo vdpsohv/ lv zhoo nqrzq1 Dovr/ zh

kdyh vwurqj wkhruhwlfdo sulruv= d qdwlrq*v lqwhuwhpsrudo exgjhw frqvwudlqw

zloo uhvwulfw lwv fxuuhqw dffrxqw g|qdplfv lq wkh orqj uxq1 Zh wkhuhiruh

ghflghg wr lpsrvh rqh frlqwhjudwlqj uhvwulfwlrq lq wkh hvwlpdwlrq ri doo

vhyhq prghov1

Iru wkh Xqlwhg Vwdwhv/ Jhupdq| dqg Mdsdq zh kdg gl!fxowlhv lq hv0

wdeolvklqj wkdw wkh fxuuhqw dffrxqw lv lqghhg vwdwlrqdu|/ udwkhu/ lw vhhpv

wkdw iru wkrvh frxqwulhv zh kdyh d qrq0wulyldo frlqwhjudwlqj uhodwlrq0

vkls1 Krzhyhu/ lw lv gl!fxow wr frqfhlyh ri d wkhruhwlfdoo| phdqlqjixo

frlqwhjudwlqj uhodwlrqvkls ehwzhhq wkh fxuuhqw dffrxqw dqg lqyhvwphqw1

Udwkhu/ wkhvh uhvxowv vhhp wr vxjjhvw wkdw wkhuh lv dq lpsruwdqw ydul0

deoh plvvlqj1 Iljxuh 5 sorwv wkh frlqwhjudwlqj uhvlgxdov iru wkhvh wkuhh

frxqwulhv ylv0d0ylv wkh orqj0whup lqwhuhvw udwh gl�huhqwldo zlwk wkh Xqlwhg

Vwdwhv1 Xsrq ylvxdo lqvshfwlrq/ wkh fruuhodwlrq lv vwulnlqj dqg lw vhhpv

wr vxjjhvw wkdw wkh g|qdplfv ri wkh fxuuhqw dffrxqw iru wkhvh frxqwulhv

fdqqrw eh dghtxdwho| prghoohg zlwkrxw wdnlqj dffrxqw ri wkh frpprq

idfwru uhsuhvhqwhg e| wkh lqwhuhvw udwh gl�huhqwldo1

Iru Mdsdq/ wkh XV dqg Jhupdq|/ zh wkhuhiruh vhw xs d wulyduldwh

YDU zlwk wkh lqwhuhvw udwh gl�huhqwldo ylv0d0ylv wkh XV +ylv0d0ylv Jhu0

pdq| iru wkh XV,1 Zh ghwhfwhg rqh frlqwhjudwlqj uhodwlrqvkls lq doo wkuhh

fdvhv1 Zh wkhq whvwhg iru zhdn h{rjhqhlw| ri wkh lqwhuhvw udwh gl�huhqwldo1

Wklv dovr zdv dffhswhg lq doo wkuhh fdvhv1 Zh fdq wkhuhiruh uhwxuq wr rxu

elyduldwh YDU ri fxuuhqw dffrxqw dqg lqyhvwphqw dv d frqglwlrqdo prgho/

wuhdwlqj wkh lqwhuhvw udwh gl�huhqwldo dv dq h{rjhqrxv yduldeoh1 Lqghhg/

qrz wkh k|srwkhvlv wkdw �� ' d�c fo zdv dffhswhg iru erwk Mdsdq dqg wkh

Xqlwhg Vwdwhv1 Iru Jhupdq|/ wkh k|srwkhvlv vwloo frxog qrw eh dffhswhg

exw d frlqwhjudwlqj yhfwru ri d�c �*2o vhhphg frpsdwleoh zlwk wkh gdwd

dqg zh ghflghg wr prgho wkh Jhupdq hfrqrp| zlwk wklv frlqwhjudwlqj

yhfwru lpsrvhg1
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Dovr iru Fdqdgd dqg wkh XN zh ghflghg wr lqwurgxfh frqglwlrqlqj

yduldeohv= wkh rlo sulfh lq wkh XN prgho dqg wkh Fdq'2XV' qrplqdo

h{fkdqjh udwh iru wkh Fdqgldq prgho1 Wklv zdv grqh iru uhdvrqv ri

iruhfdvw shuirupdqfh zklfk zloo eh glvfxvvhg odwhu lq wklv vhfwlrq1

Lq wdeohv 4 dqg 5 zh uhsruw whvw uhvxowv rq rxu �qdo prgho vshf0

l�fdwlrqv/ l1h1 zlwk wkh h{rjhqrxv uhjuhvvruv lqfoxghg1 Iru Mdsdq dqg

Jhupdq|/ zh qrz �qg frlqwhjudwlrq dw kljk vljql�fdqfh ohyhov dqg dovr

wkh wkhruhwlfdo ydoxh ri q� ' d�c fo lv qrw uhmhfwhg lq whvwv rq wkh frlqwh0

judwlqj vsdfh/ h{fhsw lq wkh Jhupdq fdvh1

Uhfhqw zrun e| Kduer hw do1 +4<<;, kdv hvwdeolvkhg wkdw wkh glv0

wulexwlrqv ri whvwv iru frlqwhjudwlqj udqn lq sduwldo v|vwhpv fdq eh vxe0

vwdqwldoo| dowhuhg ylv0d0ylv wkh vwdqgdug glvwulexwlrqv wkdw dulvh zkhq wkh

sduwldo v|vwhp lv wuhdwhg dv li lw zdv d ixoo v|vwhp1 Khqfh/ rxu v|vwhpv

vkrxog eh uhjdughg dv wzr0glphqvlrqdo vxev|vwhpv ri wkuhh0glphqvlrqdo

v|vwhpv zkhuh rqh yduldeoh grhv qrw uhdfw wr wkh htxloleulxp huuru1 Xvlqj

wkh uhvxowv iurp wdeoh 6 lq Kduer hw do1 +4<<;, lq rxu wdeoh 4 zh qrz dovr

dffhsw frlqwhjudwlrq iru erwk wkh XN dqg Fdqdgd1

715 Shuvlvwhqfh dqg frxqwu|0vshfl�flw|

Lq Wdeoh 6 zh jlyh wkh hvwlpdwhv ri wkh pdwul{ " iru doo frxqwulhv1 Qrwh

wkdw wkhuh lv qrwklqj wr suhyhqw hpslulfdo hvwlpdwhv ri 4 iurp ehfrplqj

qhjdwlyh1 Wkh vljq ri 4 lv zlwkrxw lpsruwdqfh lq rxu frqwh{w/ krzhyhu dqg

wkdw lv zk| zh uhsruw ydoxhv ri 421 Wklv jlyhv xv wkh dgghg ehqh�w wkdw

42 fdq eh lqwhusuhwhg dv wkh vkduh ri shupdqhqw vkrfnv lq wkh yduldelolw|

ri wkh frxqwu|0vshfl�f vkrfnv1

Rq dyhudjh/ joredo vkrfnv vhhp wr eh sulpdulo| shupdqhqw zkhuhdv

frxqwu|0vshfl�f vkrfnv duh qrw yhu| shuvlvwhqw1 Wkhuh duh krzhyhu/ d ihz

h{fhswlrqv= Iru Mdsdq/ 6; shufhqw ri wkh yduldelolw| lq wkh frxqwu|0vshfl�f

vkrfn vhhpv wr eh h{sodlqhg e| shupdqhqw lq xhqfhv1 Iru Jhupdq|/ wkh

frxqwu|0vshfl�f vkrfn vhhpv kljko| shuvlvwhqw dv zhoo/ ;9 shufhqw ri lwv

yduldqfh duh h{sodlqhg e| shupdqhqw lq xhqfhv1

Rqh fohdu uhvxow vwdqgv rxw/ krzhyhu= frxqwu|0vshfl�f vkrfnv duh
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qhlwkhu ixoo| shupdqhqw qru frpsohwho| wudqvlwru|1 Rq dyhudjh/ 56 shu0

fhqw ri wkh yduldqfh ri frxqwu|0vshfl�f vkrfnv lv h{sodlqhg e| shupdqhqw

lq xhqfhv1 Wkhruhwlfdo prghov/ lq zklfk frxqwu|0vshfl�f WIS iroorzv

hlwkhu d udqgrp zdon ru lv mxvw d phdq0uhyhuwlqj surfhvv duh wkhuhiruh

olnho| wr jlyh plvohdglqj uhvxowv1

Zh vkrzhg hduolhu wkdw wkh shuvlvwhqfh ri frxqwu|0vshfl�f vkrfnv

lv dovr jrlqj wr lq xhqfh wkh lpphgldwh uhvsrqvh ri lqyhvwphqw dqg wkh

fxuuhqw dffrxqw1 Lq wdeoh 7 zh jlyh rxu hvwlpdwhv ri wkh Fkrohvnl0idfwru

5 ri wkh uhgxfhg irup fryduldqfh pdwul{ l1 Wkh uhvxow lv vwulnlqj> e| dqg

odujh/ wkh Jolfn0Urjr� sx}}oh glvdsshduv= iru prvw frxqwulhv/ wkh fxuuhqw

dffrxqw uhvsrqvh lv � � 2 wlphv vwurqjhu wkdq wkh lqyhvwphqw uhvsrqvh1

Dovr/ lq doo fdvhv/ wkhlu vljqv duh rssrvlwh1 Wkhuh/ duh wzr h{fhswlrqv=

wkh Xqlwhg Vwdwhv/ zkhuh wkh sx}}oh shuvlvwv dqg lqyhvwphqw vwloo uhdfwv

wzlfh dv vwurqj dv wkh fxuuhqw dffrxqw dqg Lwdo| zkhuh wkh udwlr lv voljkwo|

vpdoohu wkdq xqlw|1 Iru wkh XN/ lw lv urxjko| htxdo wr rqh1 Wkh uhvxowv doo

vkduh d frpprq ihdwxuh ri VYDU lpsxovh uhvsrqvhv= wkh vwdqgdug huuruv

duh yhu| odujh1 Qrqhwkhohvv/ lw lv dq hqfrxudjlqj uhvxow wkdw wkh srlqw

hvwlpdwhv duh lq wkh udqjh suhglfwhg e| wkh wkhru|1 Dovr/ fdofxodwlqj wkh

dyhudjh ri wkh udwlr r��*r2� dfurvv doo frxqwulhv lv zh jhw d ydoxh ri ���2�/
fohduo| lq wkh udqjh suhglfwhg e| wkh wkhru|1

Rq wkh rwkhu kdqg/ zh fdq dovr wdnh d frxqwhuidfwxdo orrn dw wkh

lpsolhg uhvsrqvh li frxqwu|0vshfl�f vkrfnv zhuh frpsohwho| shupdqhqw1

Wklv lv jlyhq e| �E�� ' �/��*/221 Wdeoh 8 frpsduhv wkh Jolfn dqg

Urjr� uhvsrqvhv zlwk wkh uhvsrqvhv lpsolhg e| rxu prgho dw 4 ' �1

Frqyhuvho|/ lw dovr surylghv wkh lpsolhg shuvlvwhqfh ri wkh Jolfn dqg Ur0

jr� uhvsrqvh lq whupv ri rxu prgho/ zklfk lv jlyhq e| ��{4/ zkhuh {4

fdq eh fdofxodwhg iurp wkh Wd|oru0dssur{lpdwlrq lq +63,1 Dw �uvw vljkw

lw vhhpv wkdw vpdoo ghsduwxuhv iurp wkh udqgrp0zdon dvvxpswlrq fdq

dffrxqw iru wkh lpsxovh uhvsrqvhv irxqg e| Jolfn dqg Urjr�= rq dyhudjh

rxu hvwlpdwh ri wkh lpsolhg 4 htxdov 31<8/ yhu| forvh wr wkh 31<: dyhudjh

dxwrfruuhodwlrq frh!flhqw lq wkh ruljlqdo vwxg|1 Krzhyhu/ wkh hvwlpdwhg

vhqvlwlylwlhv duh jhqhudoo| idluo| orz/ vr hyhq wkrxjk �E�� lv jhqhudoo| elj0

jhu lq devroxwh ydoxh wkdq wkh JU0hvwlpdwh/ dvvxplqj 4 ' � rqo| jrhv

d vpdoo zd| wrzdugv eulqjlqj wkh lpsxovh uhvsrqvh lqwr wkh udqjh suh0
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glfwhg e| wkh wkhru|1 Wkh dyhudjh �E�� 0 qrw lqfoxglqj Fdqdgd 0 lv �f�S�1
Iru Jhupdq| zh �qg d udwkhu kljk vhqvlwlylw| dqg khuh wkh Jolfn0Urjr�

dssurdfk jrhv ixuwkhvw wrzdugv h{sodlqlqj wkh sx}}oh1 Dovr iru Iudqfh/

kdoi ri wkh gl�huhqfh ehwzhhq wkh JU0lpsxovh uhvsrqvh dqg xqlw| fdq eh

eulgjhg e| ohwwlqj 4 jr wr xqlw|1 Iru Fdqdgd zh �qg d vhqvlwlylw| forvh

wr }hur zklfk vxjjhvwv wkdw k2*k� �
s
/22*/��/ dq xqxvxdo sdudphwhu

frqvwhoodwlrq iru zklfk zh gr qrw kdyh dq lqwhusuhwdwlrq/ |lhoglqj qrqvhq0

vlfdo uhvxowv iru wkh lpsolhg shuvlvwhqfh1 Ryhudoo/ wkh uhvxowv vxjjhvw wkdw

h{fhvv vhqvlwlylw| fdqqrw dffrxqw iru wkh revhuyhg lpsxovh uhvsrqvhv1

Frqyhuvho|/ grhv wkh dssduhqw uhvroxwlrq ri wkh JU0sx}}oh vkrzlqj

xs lq wdeoh 7 kdyh dq|wklqj wr gr zlwk wkh shupdqhqfh ri vkrfnv dw dooB

Qrwh wkdw wkh wkhru| uhvwulfwv wkh fxuuhqw dffrxqw wr eh pruh vhqvlwlyh wr

frxqwu|0vshfl�f vkrfnv rqo| wr wkh ghjuhh wkdw wkh| gr kdyh shupdqhqw

h�hfwv1 Li wkh fxuuhqw dffrxqw *ryhuvkrrwv* lqyhvwphqw hyhq li vkrfnv gr

qrw kdyh d shupdqhqw h�hfw/ wkhq wdeoh 7 zrxog eh phdqlqjohvv1 Dovr

wklv lvvxh fdq eh dgguhvvhg/ qrz eh ohwwlqj 4 jr wr }hur1 Wkhq/ iurp +5:,

deryh zh jhw

r��
r�2

'
k�

k2

Wklv udwlr ri wkh dgmxvwphqw frh!flhqwv jlyhv xv wkh *vkdgrz* lp0

sxovh uhvsrqvh ri wkh fxuuhqw dffrxqw dqg lqyhvwphqw li frxqwu|0vshfl�f

vkrfnv duh frpsohwho| wudqvlwru|1 Rxu hvwlpdwhv ri k�*k2 duh jlyhq lq

wdeoh +9,= wkh uhvxowv duh hqfrxudjlqj 0 zlwk wkh h{fhswlrq ri wkh Xqlwhg

Vwdwhv/ wkh lpsolhg uhvsrqvh lv qrz vwloo qhjdwlyh exw vpdoohu wkdq xqlw|

lq devroxwh ydoxh/ lq wkh fdvh ri Fdqdgd hyhq srvlwlyh1 Wklv yhul�hv wkdw

lw lv lqghhg wkh idfw wkdw frxqwu|0vshfl�f vkrfnv kdyh shupdqhqw frp0

srqhqwv wkdw ohdgv wkh fxuuhqw dffrxqw wr uhdfw pruh vhqvlwlyho| wkdq

lqyhvwphqw1

Sxwwlqj wklqjv wrjhwkhu/ zh �qg wkdw qhdu udqgrp0zdon ehkdylrxu

ri frxqwu|0vshfl�f vkrfnv fdqqrw dffrxqw iru wkh Jolfn dqg Urjr� sx}}oh

zkhq d prgho lv xvhg wkdw uhvwulfwv wkh gdwd ohvv vwurqjo| wkdq wkh Jolfn

dqg Urjr� prgho1 Udwkhu/ e| irfxvvlqj rq d uhgxfhg0irup frlqwhjudwhg

YDU/ zh frxog vkrz wkdw wkh fxuuhqw dffrxqw lv dfwxdoo| pruh vhqvl0

wlyh wr frxqwu|0vshfl�f vkrfnv wkdq lv lqyhvwphqw dqg wkdw wklv uhvxow
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lv lq idfw gxh wr shupdqhqw frpsrqhqwv lq frxqwu|0vshfl�f vkrfnv 0 dv

lv suhglfwhg e| wkh wkhru|1 Zh frqfoxgh/ lq wkh vslulw ri Txdk +4<<3,/

wkdw wkh JU0sx}}oh lv olnho| wr frph derxw ehfdxvh hvwlpdwhg uhvsrqvhv

duh dq dpdojdp ri uhvsrqvhv wr wudqvlwru| dqg shupdqhqw vkrfnv1 Zh

gudz d frqfoxvlrq vlplodu wr Txdk*v= xqlyduldwh wlph vhulhv surshuwlhv

+l1h1 wkh idfw wkdw WIS vhhpv zhoo ghvfulehg e| d udqgrp0zdon lq d xql0

yduldwh frqwh{w, vkrxog qrw eh xvhg dv d edvlv iru hfrqrplf wkhrul}lqj

li wkh hfrqrplf wkhru| ri lqwhuhvw lqyroyhv vhyhudo yduldeohv1 Zh kdyh

sursrvhg wr irfxv rq d ihz uhgxfhg0irup lpsolfdwlrqv ri wkh wkhru| dqg

wkhq wr dvvhvv wlph0vhulhv surshuwlhv lq d g|qdplf v|vwhp0iudphzrun1 Lq

wkh qh{w vxevhfwlrq zh zloo ghdo zlwk wkh g|qdplf lpsolfdwlrqv ri wkh

wkhru|= lpsxovh uhvsrqvhv dqg wkh iruhfdvw shuirupdqfh ri rxu prghov1

716 G|qdplf Uhvsrqvhv

Wkh g|qdplf uhvsrqvhv ri wkh prgho duh lq olqh zlwk zkdw rqh zrxog

h{shfw iurp wkh wkhru|= Iljxuhv 6 wr ; surylgh sorwv ri wkh g|qdplf

uhvsrqvh ri wkh prgho iru wkh J6 frxqwulhv1 Wkh fxuuhqw dffrxqw dqg

lqyhvwphqw uhdfw lq gl�huhqw gluhfwlrqv zlwk uhvshfw wr d frxqwu|0vshfl�f

vkrfn1 Erwk lqyhvwphqw dqg wkh fxuuhqw dffrxqw uhdfk wkhlu shupdqhqw

ydoxh diwhu urxjko| �yh |hduv1 Lq wkh fdvh ri wkh X1V1 dqg Mdsdq/ wklv

phdqv wkdw wkh fxuuhqw dffrxqw uhyhuwv wr }hur/ zklfk lv dq rxwfrph

ri wkh frlqwhjudwlqj uhodwlrqvkls lq wkh prgho1 Dv/ lq wkh hvwlpdwlrq

ri wkh prgho iru Jhupdq|/ zh kdyh lpsrvhg d qrq0wulyldo frlqwhjudwlqj

uhodwlrqvkls ehwzhhq lqyhvwphqw dqg wkh fxuuhqw dffrxqw/ wkhuh lv qr qhhg

lq wklv prgho iru wkh fxuuhqw dffrxqw wr uhyhuw wr }hur1 Lqghhg/ lq wkh

Jhupdq fdvh/ frxqwu|0vshfl�f vkrfnv gr kdyh d surqrxqfhg shupdqhqw

h�hfw rq wkh fxuuhqw dffrxqw1

Wkh uhvsrqvh ri wkh fxuuhqw dffrxqw wr joredo vkrfnv lv pxfk ohvv

surqrxqfhg wkdq wr frxqwu|0vshfl�f vkrfnv1 Lq wkh XV fdvh/ wkh srlqw

hvwlpdwh ri wkh uhvsrqvh lv rq dyhudjh vpdoohu wkdq wkh uhvsrqvh wr wkh

frxqwu|0vshfl�f glvwxuedqfh e| d idfwru ri whq1 Vlplodu uhvxowv/ hyhq

wkrxjk zlwk vrphzkdw vpdoohu idfwruv/ hqvxh iru wkh rwkhu frxqwulhv1 Lw

vhhpv/ wkdw wkh lpsrvlwlrq wkdw wkh fxuuhqw dffrxqw*v shulrg }hur uh0
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vsrqvh wr d joredo vkrfn lv }hur lv frpsdwleoh zlwk wkh gdwd1 Lq doo wkuhh

frxqwulhv/ krzhyhu/ wkh joredo vkrfn kdv d qrwlfhdeoh lpsdfw rq wkh shu0

pdqhqw ydoxh ri lqyhvwphqw1

Iru Mdsdq dqg wkh X1V1 wkh uhvsrqvhv wr shupdqhqw dqg wudq0

vlwru| vkrfnv duh odujho| xqvshfwdfxodu1 Wkh shupdqhqw vkrfn kdv d

vl}hdeoh lpsdfw rq lqyhvwphqw zkhuhdv wkh orqj0uxq uhvsrqvh lv }hur iru

wkh fxuuhqw dffrxqw1 Rqo| lq wkh Jhupdq fdvh/ wkh orqj0uxq uhvsrqvh

ri wkh fxuuhqw dffrxqw lv urxjko| kdoi ri wkh lqyhvwphqw uhvsrqvh1 Wr

wkh ghjuhh wkdw zh eholhyh wkdw wkh frlqwhjudwlqj uhodwlrqvkls ehwzhhq

fxuuhqw dffrxqw dqg lqyhvwphqw uh hfwv hfrqrplf vwuxfwxuh/ wklv uhvxow

whoov xv wkdw shupdqhqw vkrfnv lq Jhupdq| +zklfk ryhu wkh vdpsoh sh0

ulrg suryhg wr eh odujho| lglrv|qfudwlf,/ kdyh kxjh ohdndjh h�hfwv= wkh

vkrfn wuljjhuv lqfuhdvhg lqyhvwphqw exw lw dovr lqfuhdvhv fdslwdo h{sruwv

dqg khqfh ohdgv wr dffhohudwhg dffxpxodwlrq ri iruhljq dvvhwv1 Dqrwkhu

qrwlrq lv wkh rqh ri h{sruw0ohg jurzwk wkdw lv riwhq uhihuuhg wr lq wkh glv0

fxvvlrq derxw Jhupdq|*v srvwzdu hfrqrplf ghyhorsphqw +vhh h1j1 Pdulq

+4<<5,,1 Zh fkhfnhg zkhwkhu zh frxog dffhsw wkdw wkh fxuuhqw dffrxqw lv

zhdno| h{rjhqrxv zlwk uhvshfw wr wkh sdudphwhuv ri lqyhvwphqw1 Lqghhg/

wklv k|srwkhvlv frxog qrw eh uhmhfwhg1 Lq h�hfw wklv phdqv wkdw iru Jhu0

pdq|/ lqqrydwlrqv wr wkh fxuuhqw dffrxqw vhhp wr uhsuhvhqw shupdqhqw/

frxqwu|0vshfl�f vkrfnv1

717 Iruhfdvw shuirupdqfh

Iljxuhv :045 glvsod| wkh uhvxowv ri d iruhfdvwlqj h{huflvh1 Lw lv edvhg rq

wkh iroorzlqj suhvhqw ydoxh irupxod=

��R

|
' �

"[
,'�

-3,{US

|n��|
+65,

zkhuh{US

|n��|
uhsuhvhqwv wkh wlph | iruhfdvw ri wkrvh fkdqjhv lq lqyhvwphqw

lq wlph | n � wkdw duh h{sodlqhg e| frxqwu|0vshfl�f vkrfnv1 Xvxdoo|/ lq

lqwhuwhpsrudo rswlpl}dwlrq prghov/ wkh fxuuhqw dffrxqw lv uhsuhvhqwhg dv

wkh glvfrxqwhg vxp ri fkdqjhv lq qhw rxwsxw/ ��| ' t|��|�C| zkhuhC|

lv jryhuqphqw frqvxpswlrq1 Zh ghyldwh iurp wklv uhsuhvhqwdwlrq lq wklv
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fdvh dqg xvh lqyhvwphqw dv d sur{| ri qhw rxwsxw1 Wklv doorzv xv wr vwd|

lq wkh iudphzrun ri wkh hfrqrphwulf prgho zh kdyh xvhg iurp wkh rxwvhw1

Dv zh zloo vhh/ lw vhhpv d ydolg dssurdfk1 Wkh iruhfdvw shuirupdqfh ri rxu

prgho lv yhu| jrrg dqg wkhuh lv dovr d jrrg udwlrqdoh ri zk| lqyhvwphqw

vkrxog eh d jrrg sur{| ri qhw rxwsxw= prghov ri edodqfhg jurzwk vxjjhvw

wkdw wkh juhdw udwlrv/ l1h1 lqyhvwphqw ryhu rxwsxw dqg frqvxpswlrq ryhu

rxwsxw duh vwdwlrqdu|1 Khqfh/ fkdqjhv lq lqyhvwphqw vkrxog eh kljko|

fruuhodwhg zlwk fkdqjhv lq rxwsxw dqg zh vkrxog qrw eh wrr vxusulvhg wr

vhh wkh iruphu suhglfw wkh odwwhu zhoo1

Lq rxu YDU prgho/ wkh suhglfwhg frxqwu|0vshfl�f frpsrqhqw ri

lqyhvwphqw lv jlyhq e|

{US

|n��|
'
�
�c f

�["

,'�

�,7

%
eS
|3E,3��

f

&
+66,

Wkh ydoxhv ri {US

|n��|
duh jdlqhg iurp wklv irupxod dqg wkhq soxjjhg

lqwr wkh deryh suhvhqw0ydoxh uhodwlrq lq rughu wr jhw ��R

|
1 Lq �jxuhv <048/

��R

|
lv wkhq sorwwhg wrjhwkhu zlwk wkh dfwxdo fxuuhqw dffrxqw1

Ryhudoo/ rxu prghov gr d jrrg mre lq wudfnlqj wkh fxuuhqw dffrxqw

g|qdplfv1 Exw dovr wkh rughu ri pdjqlwxgh ri wkh vzlqjv lq wkh fxuuhqw

dffrxqw lv fdswxuhg zhoo lq prvw fdvhv1 Hyhq qrwrulrxvo| *gl!fxow* fdvhv

olnh Jhupdq| dqg wkh Xqlwhg Vwdwhv fdq eh h{sodlqhg zhoo e| rxu prghov1

Wkh �w iru Iudqfh dqg Lwdo| dqg dovr iru Fdqdgd lv yhu| jrrg1 Iru

Mdsdq 0 edvhg rq d ylvxdo lqvshfwlrq ri wkh sorwv 0 zh jhw wkh xsv dqg

grzqv uljkw exw wkh yduldqfh lv qrw txlwh suhflvho| hvwlpdwhg1 Wkh XN

uhpdlqv wkh gl!fxow fdvh lw xvxdoo| lv lq wkh fxuuhqw dffrxqw olwhudwxuh/

wkh fxuuhqw dffrxqw wkdw lv suhglfwhg e| frxqwu|0vshfl�f vkrfnv dorqh lv

hvvhqwldoo|  dw1 Krzhyhu/zh fdofxodwhg d fruuhodwlrq ehwzhhq wkh iruhfdvw

dqg wkh revhuyhg fxuuhqw dffrxqw ri urxjko| 31;5/ txlwh kljk ylv0d0ylv

rwkhu vwxglhv +Jrvk +4<<8, �qgv d fruuhodwlrq ri 31: iru wkh shulrg 4<930

;;,1 Qrwh wkdw wklv uhvxow kdv ehhq rewdlqhg e| frqglwlrqlqj rq wkh

sulfh ri rlo zklfk grhv qrw �jxuh lq wkh prghov lq wkh olwhudwxuh1 Dv wkh

frxqwu| lv d elj rlo h{sruwhu/ lwv fxuuhqw dffrxqw lv olnho| wr uh hfw wkh

vzlqjv lq wkh sulfh ri rlo1 Wr wkh ghjuhh wkdw zh frqvlghu rlo sulfh fkdqjhv

dv joredo vkrfnv/ rqh zrxog h{shfw wkh Eulwlvk fxuuhqw dffrxqw lqghhg wr
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eh ehwwhu h{sodlqhg e| joredo vkrfnv udwkhu wkdq frxqwu|0vshfl�f rqhv1

Iljxuh 49 vkrzv wkh iruhfdvw ri wkh fxuuhqw dffrxqw/ wklv wlph edvhg rq

joredo udwkhu wkdq frxqwu|0vshfl�f fkdqjhv lq lqyhvwphqw1 Wkh iruhfdvw

lv fhuwdlqo| qrw jrrg/ exw lw lv suredeo| forvhu wr wkh revhuyhg fxuuhqw

dffrxqw lq whupv ri yrodwlolw| wkdq wkh iruhfdvw edvhg rq frxqwu|0vshfl�f

vkrfnv1

Ryhudoo/ wkh iruhfdvw shuirupdqfh ri rxu prghov frpsduhv yhu| zhoo

zlwk wkdw ri hduolhu *qdlyh* dssurdfkhv wkdw gr qrw wdnh lqwr dffrxqw wkh

glvwlqfwlrq ehwzhhq frxqwu|0vshfl�f dqg joredo vkrfnv1 Lq vrph gl!fxow

fdvhv olnh Jhupdq| dqg wkh XV/ rxu iruhfdvw lv hyhq pxfk ehwwhu1 Hyhq

wkrxjk lw vkrxog eh qrwhg krzhyhu/ wkdw zh dovr rewdlqhg wkhvh lpsuryh0

phqwv wkurxjk frqglwlrqlqj rq d vhw ri h{rjhqrxv yduldeohv/ wkh prghov

vhhp wr ixo�oo wkh uhvwulfwlrq lpsrvhg e| hfrqrplf wkhru|/ qdpho| wkdw

rqo| frxqwu|0vshfl�f vkrfnv gulyh wkh fxuuhqw dffrxqw1

718 Krz frxqwu|0vshfl�f duh frxqwu|0vshfl�f vkrfnvB

Rxu glvfxvvlrq lq wkh suhylrxv vxevhfwlrqv grfxphqwv d yhu| jrrg pdwfk

ehwzhhq wkh wkhru| dqg wkh gdwd1 Krzhyhu/ zh vkrxog uhfdoo wkdw rxu

lghqwl�fdwlrq surfhgxuh iru frxqwu|0vshfl�f vkrfnv uholhg rq wkh wkhru|

lwvhoi1 Zh dvvxphg wkdw joredo vkrfnv gr qrw d�hfw wkh fxuuhqw dffrxqw

lq shulrg }hur1 Fhuwdlqo|/ wklv wkhruhwlfdo suhvxpswlrq lv dovr edfnhg e|

wkh uhvxowv ri Jolfn dqg Urjr�1 Qrqhwkhohvv/ lw zrxog eh qlfh wr kdyh dq

hydoxdwlrq wr nqrz li zh kdyh uhdoo| lghqwl�hg wkh uljkw vkrfnv1 Wkhuh

lv fohduo| qr zd| lq zklfk zh fdq hydoxdwh d mxvw0lghqwli|lqj dvvxpswlrq

zlwklq hdfk lqglylgxdo prgho1 Krzhyhu/ zh kdyh ydoxdeoh lqirupdwlrq

lq wkh furvv0vhfwlrq ri frxqwulhv zh duh lqyhvwljdwlqj1 Wkh J: frxqwulhv

dffrxqw iru wzr wklugv ri zruog rxwsxw dqg wkh| uhsuhvhqw d idluo| forvhg

eorf lq wkh zruog hfrqrp|1 Lw wkhuhiruh vhhpv uhdvrqdeoh wr wdnh wkhvh

frxqwulhv dv d sur{| ri wkh *uhvw ri wkh zruog*1 Frxqwu|0vshfl�f vkrfnv

vkrxog wkhq eh xqfruuhodwhg dfurvv frxqwulhv zkhuhdv zh vkrxog �qg vrph

fruuhodwlrq ehwzhhq wkh joredo vkrfnv lghqwl�hg dw wkh frxqwu| ohyho1

Wdeoh : jlyhv wkh dyhudjh fruuhodwlrq ri hdfk frxqwu|*v vshfl�f dqg

joredo vkrfnv zlwk doo rwkhu 9 frxqwulhv1 Lw dovr surylghv wkh vwdqgdug

57



huuruv ri wkhvh fruuhodwlrqv1 Wkh uhvxow lv yhu| hqfrxudjlqj= qrw rqo| duh

joredo vkrfnv pxfk pruh kljko| fruuhodwhg dfurvv frxqwulhv wkdq frxqwu|0

vshfl�f vkrfnv/ wkhlu fruuhodwlrq lv dovr kljko| vljql�fdqw1 Rq wkh rwkhu

kdqg/ frxqwu|0vshfl�f vkrfnv duh rq dyhudjh qrw vljql�fdqwo| fruuhodwhg1

Wkh rqo| h{fhswlrq lv Fdqdgd/ zkhuh erwk frxqwu|0vshfl�f vkrfnv dqg

joredo vkrfnv duh rq dyhudjh vljql�fdqwo| fruuhodwhg zlwk vkrfnv lq wkh

uhvw ri wkh zruog1 Vwloo/ wkhvh uhvxowv vkrxog surylgh vrph frq�ghqfh wkdw

e| dqg odujh zh kdyh lqghhg lghqwl�hg wkh uljkw vkrfnv1

8 Frqfoxvlrq

Wkh lqwhuwhpsrudo dssurdfk wr wkh fxuuhqw dffrxqw lv ehfrplqj lqfuhdv0

lqjo| vwdqgdug lq lqwhuqdwlrqdo pdfurhfrqrplfv1 Wklv wkhru| pdnhv yhu|

vwurqj suhglfwlrqv derxw vkrfnv wkdw fdq eh fodvvl�hg dffruglqj wr wzr

fulwhuld= shuvlvwhqfh dqg frxqwu|0vshfl�flw|1 Wkh fxuuhqw dffrxqw lv vxs0

srvhg wr uhvsrqg rqo| wr wkh shuvlvwhqw exw wudqvlwru| frpsrqhqw ri

vkrfnv dqg wklv rqo| wr wkh ghjuhh wkdw wkh| duh frxqwu|0vshfl�f1

Olwwoh zrun kdv ehhq grqh vr idu rq fodvvli|lqj vkrfnv dorqj wkhvh

olqhv dqg whvwlqj wkh suhglfwlrqv ri wkh wkhru|1 Wkh vhplqdo sdshu e|

Jolfn dqg Urjr� +4<<8, lv dq h{fhswlrq1 Zkhuhdv wkh vwuxfwxudo hvwlpd0

wlrq dssurdfk dgrswhg e| Jolfn dqg Urjr� doorzv xv wr xqghuvwdqg lq

ghwdlo lq zklfk zd| wkh lpsolhg uhvsrqvhv ri lqyhvwphqw dqg wkh fxuuhqw

dffrxqw ghshqg rq wkh shuvlvwhqfh ri frxqwu|0vshfl�f vkrfnv/ wkh hvwlpd0

wlrq lwvhoi uholhv rq xqlyduldwh hylghqfh derxw wkh wlph0vhulhv surshuwlhv

ri vkrfnv/ ohdglqj wr hvwlpdwhv lq zklfk wkh uhodwlyh vhqvlwlylw| ri wkh

fxuuhqw0dffrxqw dqg lqyhvwphqw duh dw rggv zlwk wkh wkhru|1

Lq wklv sdshu/ zh uhyhuwhg wr wkh pruh eodfn0er{ dssurdfk ri d

vwuxfwxudo YDU1 Zkhuhdv wklv irufhv xv wr vdful�fh vrph prgho vwuxf0

wxuh/ lw sxwv xv lq d srvlwlrq wr fodvvli| vkrfnv wr wkh fxuuhqw dffrxqw

dqg lqyhvwphqw dffruglqj wr wkhlu shuvlvwhqfh e| h{sorlwlqj frlqwhjud0

wlrq lqirupdwlrq lq wkh gdwd1 Zh lghqwl�hg frxqwu|0vshfl�f vkrfnv xvlqj

wkh vxjjhvwlrqv ri wkh wkhru| dqg wkh hpslulfdo uhvxowv ri Jolfn dqg Ur0

jr�= joredo vkrfnv gr qrw kdyh dq h�hfw rq wkh fxuuhqw dffrxqw1 Lw wkhq
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ehfrphv srvvleoh wr phdvxuh wkh shuvlvwhqfh ri frxqwu|0vshfl�f vkrfnv1

Zh dovr ghulyhg d uhgxfhg0irup dqdorjxh wr wkh Jolfn0Urjr� uhvxow wkdw

wkh uhodwlyh uhvsrqvh ri fxuuhqw dffrxqw dqg lqyhvwphqw lv kljko| vhqvl0

wlyh zlwk uhvshfw wr wkh shuvlvwhqfh ri frxqwu|0vshfl�f vkrfnv1 Lq rxu

hvwlpdwhv wkh sx}}oh hqfrxqwhuhg e| Jolfn dqg Urjr�/ l1h1 wkdw wkh uho0

dwlyh uhvsrqvh ri lqyhvwphqw ylv0d0ylv wkh fxuuhqw dffrxqw lv 507 wlphv

wrr vwurqj/ ydqlvkhv1 Dv rxu uhvxowv vkrz wkh JU0sx}}oh lv olnho| wr kdyh

dulvhq ehfdxvh frxqwu|0vshfl�f vkrfnv kdyh erwk lpsruwdqw shupdqhqw

dqg wudqvlwru| frpsrqhqwv dqg wkhuhiruh wkh lpsxovh uhvsrqvhv e| Jolfn

dqg Urjr� duh olnho| wr uh hfw dq dpdojdp ri uhvsrqvhv wr shupdqhqw dqg

wudqvlwru| vkrfnv1 Rxu frqfoxvlrq lv wkdw lw lv qrw srvvleoh wr glvhqwdqjoh

wkhvh shupdqhqw dqg wudqvlwru| frpsrqhqwv xqohvv wkh gdwd duh doorzhg

wr vshdn orxgo| dqg rqo| vrph nh| uhvwulfwlrqv duh lpsrvhg iurp hfrqrplf

wkhru| rq wkh uhgxfhg irup1 Lq d pruh wkhruhwlfdo frqwh{w/ Txdk +4<<3,

kdv sursrvhg wkh phfkdqlvp sxw iruzdug lq wklv sdshu dv dq h{sodqdwlrq

ri wkh dssduhqwo| h{fhvvlyho| vprrwk ehkdylrxu ri frqvxpswlrq ylv0d0ylv

rwkhu pdfurhfrqrplf djjuhjdwhv/ lq sduwlfxodu rxwsxw1 Rqo| li doo vkrfnv

duh shupdqhqw vkrxog frqvxpswlrq pryh rqh wr rqh zlwk shupdqhqw lq0

frph1 Krzhyhu/ li hfrqrplf djhqwv glvwlqjxlvk ehwzhhq shupdqhqw dqg

wudqvlwru| vkrfnv/ frqvxpswlrq zloo rq dyhudjh eh pxfk vprrwkhu wkdq

rxwsxw1

Lq wklv sdshu/ zh hpslulfdoo| h{soruh wkh rshq0hfrqrp| dqdorjxh ri

wkh h{fhvv0vprrwkqhvv sx}}oh= li frxqwu|0vshfl�f vkrfnv kdyh shupdqhqw

dqg wudqvlwru| frpsrqhqwv wkhq wkh fxuuhqw dffrxqw fdq eh h{wuhpho|

vhqvlwlyh wr shupdqhqw vkrfnv zkloh dw wkh vdph wlph ehlqj lpshuihfwo|

fruuhodwhg zlwk lqyhvwphqw1

Ilqdoo|/ zh kdyh h{sorlwhg rxu dssurdfk wr iruhfdvw wkh fxuuhqw

dffrxqw edvhg rqo| rq wkh frxqwu|0vshfl�f vkrfnv1 Wkh iruhfdvw shuiru0

pdqfh frpsduhv yhu| zhoo zlwk prghov wkdw duh ohvv uhvwulfwhg wkdq rxuv1

Wklv surylghv hylghqfh wkdw wkh fxuuhqw dffrxqw lv lqghhg gulyhq pdlqo|

e| frxqwu|0vshfl�f vkrfnv1 Hyhq lq wkh fdvh ri wkh Xqlwhg Nlqjgrp zh

fdq jdlq vrph jurxqg1 Xvlqj lqyhvwphqw dv d sur{| ri qhw rxwsxw dqg

frqglwlrqlqj rq rlo sulfhv/ zh fdq qrw rqo| dfklhyh d kljk fruuhodwlrq

ehwzhhq wkh dfwxdo dqg wkh iruhfdvwhg fxuuhqw dffrxqw exw dovr hpxodwh
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wkh dfwxdo fxuuhqw dffrxqw yduldqfh1

Uhihuhqfhv

^4` Ehyhulgjh/ V1 dqg Qhovrq/ F1 U1/ +4<;4,/ *D Qhz Dssurdfk wr wkh

Ghfrpsrvlwlrq ri Hfrqrplf Wlph Vhulhv lqwr Shupdqhqw dqg Wudq0

vlwru| Frpsrqhqwv zlwk Sduwlfxodu Dwwhqwlrq wr wkh Phdvxuhphqw

ri wkh Exvlqhvv F|foh/* Mrxuqdo ri Prqhwdu| Hfrqrplfv := 4840:71

^5` Erowkr/ D1 +4<<9,/ *Zdv Mdsdqhvh Jurzwk H{sruw0OhgB*/ R{irug

Hfrqrplf Sdshuv= 7480651

^6` Fdpsehoo/ M1 \/ dqg Vkloohu/ U1M1/ +4<;:,/ * Frlqwhjudwlrq dqg whvwv ri

suhvhqw ydoxh prghov/* Mrxuqdo ri Srolwlfdo Hfrqrp|/ <8= 4395043;;1

^7` Ihogvwhlq/ P1 dqg Krulrnd/ F1/ +4<;3,/ *Grphvwlf Vdylqj dqg Lqwhu0

qdwlrqdo Fdslwdo Iorzv*/ Hfrqrplf Mrxuqdo <3= 647065<1

^8` Jkrvk/ D1/ +4<<8,/ *Fdslwdo prelolw| dprqjvw wkh pdmru lqgxvwul0

dol}hg frxqwulhv= Wrr olwwoh ru wrr pxfkB/* Hfrqrplf Mrxuqdo 438=

43:045;

^9` Jolfn/ U1 dqg Urjr�/ N1/ +4<<8,/ *Joredo yhuvxv frxqwu|0vshfl�f

surgxfwlylw| vkrfnv dqg wkh fxuuhqw dffrxqw/* Mrxuqdo ri Prqhwdu|

Hfrqrplfv 68= 48<0<51

^:` Jrugrq/ Urehuw M1/ +4<<6,/ Pdfurhfrqrplfv/ Dgglvrq0Zhvoh|1 Gdwd

vhw wr eh irxqg dw kwws=22zzz1qehu1ruj2sxe2jrugrq1

^;` Kduer/ L1/ Mrkdqvhq/ V1/ Qlhovhq/ E1 dqg Udkehn/ D1 +4<<;,/ *Dv|ps0

wrwlf Lqihuhqfh rq Frlqwhjudwlqj Udqn lq Sduwldo V|vwhpv*/ Mrxuqdo

ri Exvlqhvv dqg Hfrqrplfv Vwdwlvwlfv 49= 6;;0<<1

^<` Kr�pdqq/ P1 +4<<;,/ *Orqj Uxq Fdslwdo Iorzv dqg wkh Ihogvwhlq0

Krulrnd Sx}}oh= D Qhz Phdvxuh ri Lqwhuqdwlrqdo Fdslwdo Prelolw|

dqg Vrph Klvwrulfdo Hylghqfh iurp Juhdw Eulwdlq dqg wkh Xqlwhg

Vwdwhv*/ Hxurshdq Xqlyhuvlw| Lqvwlwxwh/ Ghsduwphqw ri Hfrqrplfv

Zrunlqj Sdshu qr1 <;2631

5:



^43` Mrkdqvhq/ V1/ +4<;;,/ *Vwdwlvwlfdo Dqdo|vlv ri Frlqwhjudwlqj Yhfwruv*/

Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ 45=5640871

^44` Pdulq/ G1 +4<<5,/ *Lv wkh H{sruw0Ohg Jurzwk K|srwkhvlv ydolg iru

lqgxvwuldol}hg frxqwulhvB*/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv :7=

9:;0;;1

^45` Revwihog/ P1/ +4<;9,/ *Fdslwdo Prelolw| lq wkh Zruog Hfrqrp|= wkh0

ru| dqg phdvxuhphqw*/ Fduqhjlh Urfkhvwhu Frqihuhqfh Vhulhv rq

Sxeolf Srolf| 57= 8804371

^46` Revwihog/ P1/ +4<<8,/ *Lqwhuqdwlrqdo Fdslwdo Prelolw| lq wkh 4<<3v*

lq Nhqhq/ S1 +hg1, Xqghuvwdqglqj Lqwhughshqghqfh/ Sulqfhwrq Xql0

yhuvlw| Suhvv/ 4<<81

^47` Revwihog/ P1 dqg Urjr�/ N1 +4<<8,/ *Wkh lqwhuwhpsrudo dssurdfk wr

wkh fxuuhqw dffrxqw/* QEHU zrunlqj sdshu 7;<61

^48` Revwihog/ P1 dqg Urjr�/ N1/ +4<<9,/ Irxqgdwlrqv ri Lqwhuqdwlrqdo

Pdfurhfrqrplfv/ PLW Suhvv/ Fdpeulgjh1

^49` Shqdwl/ D1 dqg Grroh|/ P1/ +4<;7,/ *Fxuuhqw Dffrxqw Lpedodqfhv

dqg Fdslwdo Irupdwlrq lq Lqgxvwuldo Frxqwulhv 4<7<0;4*/ LPI Vwd�

Sdshuv 64= 40571

^4:` Txdk/ G1 +4<<3,/ *Shupdqhqw dqg wudqvlwru| pryhphqwv lq oderu

lqfrph= dq h{sodqdwlrq iru �H{fhvv Vprrwkqhvv� lq Frqvxpswlrq*/

Mrxuqdo ri Srolwlfdo Hfrqrp| <;= 77<0:81

^4;` Vdfkv/ M/ +4<;4,/ *Wkh Fxuuhqw Dffrxqw dqg Pdfurhfrqrplfv dgmxvw0

phqw lq wkh 4<:3v/* Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw| 4=5340

59;1

^4<` Vkh�ulq/ V1 dqg Zrr/ Z1 W1 +4<<3,/ *Suhvhqw Ydoxh Whvwv ri dq Lq0

whuwhpsrudo Prgho ri wkh Fxuuhqw Dffrxqw* Mrxuqdo ri Lqwhuqdwlrqdo

Hfrqrplfv 5<= 56:0861

5;



^53` Wd|oru/ D1 P1/ +4<<9,/ *Lqwhuqdwlrqdo Fdslwdo Prelolw| lq Klvwru|=

Wkh Vdylqj0Lqyhvwphqw Uhodwlrqvkls*/ QEHU Glvfxvvlrq Sdshu Vh0

ulhv/ qr1 8:76

9 Pdwkhpdwlfdo Dsshqgl{

Zh fdq uhduudqjh +5:, wr |lhog
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: Wdeohv dqg Iljxuhv
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Wdeoh 4= Whvwv iru frlqwhjudwlrq

d, Mrkdqvhq Wudfh vwdwlvwlf

XV Mdsdq Jhupdq| Iudqfh Lwdo| XN Fdqdgd <3( <8(

� ' f 5817 58139 531:; 4<18; 4<18: 4715< 461;5 4818; 4:1;7

� ' � 71;8 3135 3145 51;7 4146: 5146 613: 919< ;13;

e, Mrkdqvhq Pd{lpxp Hljhqydoxh vwdwlvwlf

XV Mdsdq Jhupdq| Iudqfh Lwdo| XN Fdqdgd <3( <8(

� ' f 53188 58137 53199 491:6 4;176 45149 431:7 451:; 4719

� ' � 71;8 3135 3145 51;7 4146: 5146 613: 919< ;13;

Wkh whvwv zhuh shuiruphg rq YDU+5,0prghov zlwk dq xquhvwulfwhg frqvwdqw1

Wkh prghov iru wkh XV/ Mdsdq/ Jhupdq|/ wkh XN dqg Fdqdgd1

lqfoxghg rqh zhdno| h{rjhqrxv uhjuhvvru1 Fulwlfdo ydoxhv iru wkh wudfh whvw/

iroorzlqj wdeoh 6 lq Kduer hw1 do1 lq wklv fdvh duh 4317 +4516, dw <3 +<8,(1
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Wdeoh 5= Hvwlpdwhv ri wkh frlqwhjudwlqj yhfwru

Hvwlpdwh ri q '
�
� q

2

�
dqg whvw ri Mf G q2 ' f

XV Mdsdq Jhupdq| Iudqfh Lwdo| XN Fdqdgd

q
2

0315868 3134:7 03194< 0313355:; 031338567 314:5; 313;;6

OU0whvw 41<4 3157;5 451; 31338836 313446 4137 515:

S0ydoxh 314: 3195 313336 31<7 31<5 319<55 3146

Wdeoh 6= shuvlvwhqfh ri frxqwu|0vshfl�f vkrfnv

XV Mdsdq Jhupdq| Iudqfh Lwdo| XN Fdqdgd Dyhudjh

42 314:35 316;5: 31;989 314358 3137:7 313787 31365< 315685

Wdeoh 7= Hvwlpdwhv ri wkh Fkrohvnl idfwruv

Frh!flhqwv XV Mdsdq Jhupdq| Iudqfh Lwdo| XN Fdqdgd Dyhudjh

r�� 4817 4199 4514; 5:139 :1:49 6197 6183 0

r2� 063148 04134 09198 054136 0;1<39 06188 05169 0

r22 75158 51;9 4714< 6;1<8 9164; 61;4 7186 0

r��*r2� 03184 04197 041;6 0415< 031;: 04136 0417; 04156
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Wdeoh 8= JU0uhvsrqvhv dqg wkhlu lpsolhg shuvlvwhqfh

XV Mdsdq Jhupdq| Iudqfh Lwdo| XN Fdqdgd Dyj1

J)U 0315: 03163 03175 0315: 0318 04135 0317; 03179

�E�� 03163 03187 031:: 03194 031:3 0319< 031:9 03195

lpsolhg 4 31<8 31;< 31<9 31;5 31<5 4146 56<5 31<8W�

Y�E��*Y4 3177 5168 431:: 41<5 519: 5169 313334 6175W�

W� qrw lqfoxglqj Fdqdgd

Wdeoh 9= Lpsolhg uhvsrqvh dw 4 ' f1

XV Mdsdq Jhupdq| Iudqfh Lwdo| XN Fdqdgd Dyhudjh

k�*k2 0417 03183 0315; 031:< 031:7 031;6 31:8 03187

Wdeoh := Furvv0frxqwu| fruuhodwlrqv ri vwuxfwxudo vkrfnv

d , frxqwu|0vshfl�f vkrfnv EeS�

XV Mdsdq Jhupdq| Iudqfh Lwdo| XN Fdqdgd

dyj1 fruuhodwlrq 3133 3144 03137 313; 3146 3135 03149

vwdqgdug ghy1 3135 313: 3137 313< 313: 3135 3136

e, joredo vkrfnv Ee��

XV Mdsdq Jhupdq| Iudqfh Lwdo| XN Fdqdgd

dyj1 fruuhodwlrq 3154 315; 3154 3168 3153 315; 3149

vwdqgdug ghy1 3136 3137 3136 3134 3137 3133< 3139
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Iljxuh 4= Wkh jhrphwu| ri joredo dqg frxqwu|0vshfl�f vkrfnv
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69



0 5 10
-10

0

10

20

30

0 5 10
-2

0

2

4

6

8
permanent

C
A

0 5 10
-15

-10

-5

0

5
transitory

0 5 10
-55

-50

-45

-40

-35

I
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Iljxuh 9= Mdsdq 0 lpsxovh uhvsrqvhv e| shuvlvwhqfh
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Iljxuh ;= Jhupdq| 0 lpsxovh uhvsrqvh e| shuvlvwhqfh
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Iljxuh 43= Dfwxdo dqg iruhfdvwhg +gdvkhg olqh, Mdsdqhvh fxuuhqw dffrxqw
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Iljxuh 46= Dfwxdo dqg iruhfdvwhg +gdvkhg olqh, Lwdoldq fxuuhqw dffrxqw
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Iljxuh 47= Dfwxdo dqg iruhfdvwhg +gdvkhg olqh, XN fxuuhqw dffrxqw
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Iljxuh 48= Dfwxdo dqg iruhfdvwhg +gdvkhg olqh, Fdqdgldq fxuuhqw dffrxqw
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