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Devwudfw

Pd{lplvdwlrq ri xwlolw| e| d vlqjoh frqvxphu vxemhfw wr d olqhdu exgjhw
frqvwudlqw lv zhoo nqrzq wr lpso| vwurqj uhvwulfwlrqv rq wkh surshuwlhv ri
ghpdqg ixqfwlrqv1 Hpslulfdo dssolfdwlrqv wr gdwd rq krxvhkrogv krz0
hyhu iuhtxhqwo| uhmhfw wkhvh uhvwulfwlrqv1 Lq sduwlfxodu vxfk gdwd iuhtxhqwo|
vkrz d idloxuh ri Voxwvn| v|pphwu| 0 wkh uhvwulfwlrq ri v|pphwu| rq wkh
pdwul{ ri frpshqvdwhg sulfh uhvsrqvhv1 Eurzqlqj dqg Fkldssrul +4<<;,
vkrz wkdw xqghu dvvxpswlrqv ri h!flhqw zlwklq0krxvhkrog ghflvlrq pdn0
lqj/ wkh frxqwhusduw wr wkh Voxwvn| pdwul{ iru ghpdqgv iurp d & phpehu
krxvhkrog zloo eh wkh vxp ri d v|pphwulf pdwul{ dqg d pdwul{ ri udqn
& 3 �1 Zh hvwdeolvk wkh udqn ri wkh ghsduwxuh iurp Voxwvn| v|pph0
wu| iru frxsohv xqghu wkh dvvxpswlrq ri Qdvk htxloleulxp lq lqglylgxdo
ghpdqgv1 Zh vkrz wkdw wkh Voxwvn| pdwul{ lv wkh vxp ri d v|pphwulf
pdwul{ dqg dqrwkhu ri udqn dw prvw 51 Wklv uhvxow lpsolhv qrw rqo| wkdw
wkh Eurzqlqj0Fkldssrul dvvxpswlrq ri h!flhqf| fdq eh whvwhg djdlqvw
rwkhu prghov zlwklq wkh fodvv ri wkrvh edvhg rq lqglylgxdo rswlplvdwlrq/
exw dovr wkdw wkh k|srwkhvlv ri Qdvk htxloleulxp lq ghpdqgv kdv whvwdeoh
frqwhqw djdlqvw d jhqhudo dowhuqdwlyh1

WYhu| suholplqdu|1 Zh duh judwhixo iru frpphqwv iurp Pduwlq Eurzqlqj1 Wklv uhvhdufk
kdv ehhq sduwo| ixqghg e| wkh HVUF Fhqwuh iru wkh Plfurhfrqrplf Dqdo|vlv ri Ilvfdo Srolf|
dw wkh Lqvwlwxwh iru Ilvfdo Vwxglhv1 Wkh ylhzv h{suhvvhg duh qrqhwkhohvv wkrvh ri wkh dxwkruv
dorqh1

_Dgguhvv iru Fruuhvsrqghqfh= Ldq Suhvwrq/ Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| Froohjh
Orqgrq/ Jrzhu Vwuhhw/ Orqgrq ZF4H 9EW1 Hpdlo= l1suhvwrqCxfo1df1xn
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4 Lqwurgxfwlrq

Pd{lplvdwlrq ri xwlolw| e| d vlqjoh frqvxphu vxemhfw wr d olqhdu exgjhw frq0
vwudlqw lv zhoo nqrzq wr lpso| vwurqj uhvwulfwlrqv rq wkh surshuwlhv ri ghpdqg
ixqfwlrqv1 Hpslulfdo dssolfdwlrqv wr gdwd rq krxvhkrogv krzhyhu iuhtxhqwo|
uhmhfw wkhvh uhvwulfwlrqv +vhh iru h{dpsoh/ Eurzqlqj dqg Phjklu +4<<4,/ Edqnv/
Eoxqghoo dqg Ohzeho +4<<:, ru Ghdwrq +4<<3,,1 Lq sduwlfxodu vxfk gdwd iuh0
txhqwo| vkrz d idloxuh ri Voxwvn| v|pphwu| 0 wkh uhvwulfwlrq ri v|pphwu| rq wkh
pdwul{ ri frpshqvdwhg sulfh uhvsrqvhv1

Dw wkh vdph wlph/ wkh lqdghtxdf| ri wkh vlqjoh frqvxphu prgho dv d ghvfuls0
wlrq ri ghflvlrq pdnlqj iru krxvhkrogv zlwk pruh wkdq rqh phpehu lv lqfuhdv0
lqjo| ehlqj uhfrjqlvhg1 Wkh sureohp lq dvvxplqj idplolhv wr ehkdyh dv li wkh|
kdg wkh suhihuhqfhv ri dq lqglylgxdo zdv zhoo uhfrjqlvhg e| Vdpxhovrq +4<89,/
zkr hvwdeolvkhg vwurqj frqglwlrqv xqghu zklfk vxfk d vlpsol�hg uhsuhvhqwdwlrq
zrxog krog1 D odujh erg| ri uhfhqw uhvhdufk kdv lqyhvwljdwhg dowhuqdwlyh prghov
dffrpprgdwlqj pruh uhdolvwlf ghvfulswlrqv ri zlwklq0krxvhkrog ghflvlrq0pdnlqj
surfhvvhv1

Dq lpsruwdqw dgydqfh lv pdgh e| Eurzqlqj dqg Fkldssrul +4<<;,/ zkr
vkrz wkdw xqghu dvvxpswlrqv ri h!flhqw zlwklq0krxvhkrog ghflvlrq pdnlqj/ wkh
frxqwhusduw wr wkh Voxwvn| pdwul{ iru ghpdqgv iurp d n phpehu krxvhkrog
zloo eh wkh vxp ri d v|pphwulf pdwul{ dqg d pdwul{ ri udqn n � 41 Whvwv
rq Fdqdgldq gdwd duh irxqg wr uhmhfw v|pphwu| iru frxsohv exw qrw iru vlqjoh
lqglylgxdo krxvhkrogv1 Krzhyhu lw lv lpsrvvleoh wr uhmhfw wkh k|srwkhvlv wkdw
wkh ghsduwxuh iurp v|pphwu| iru wkh vdpsoh ri frxsohv kdv udqn 4 dv uhtxluhg1
Wklv zrun lv lpsruwdqw qrw rqo| lq �oolqj d jds lq rxu wkhruhwlfdo xqghuvwdqglqj
ri ghpdqg ehkdylrxu exw dovr lq wkh survshfw zklfk lw suhvhqwv ri uhfrqflolqj
ghpdqg wkhru| dqg gdwd rq frqvxphu ehkdylrxu1

Krzhyhu wkh dvvxpswlrq ri h!flhqf| lv qrw vdwlv�hg lq doo prghov ri krxvh0
krog ehkdylrxu zklfk kdyh ehhq vxjjhvwhg1 Lw fohduo| krogv/ iru lqvwdqfh/ lq
wkh Qdvk edujdlqlqj prghov ri Pdqvhu dqg Eurzq +4<;3,/ PfHour| dqg Kruqh|
+4<;4, ru PfHour| +4<<3,/ dqg kdv ehhq wkh fhqwudo dvvxpswlrq ri sdshuv vxfk
dv Eurzqlqj/ Erxujxljqrq/ Fkldssrul dqg Ohfkhqh +4<<7, ru Erxujxljqrq dqg
Fklssrul +4<<7,1 Krzhyhu lw lv qrw d surshuw| ri qrqfrrshudwlyh prghov vxfk dv
wkrvh ri Xosk +4<;;, ru Zrrooh| +4<;;,1 Zkloh wkh lqdelolw| ri Eurzqlqj dqg
Fkldssrul wr uhmhfw wkh v|pphwu| dqg udqn frqglwlrq iru frxsohv lv lqwuljxlqj/ lw
lv qrw fohdu zkdw li dq| srzhu lw kdv dv d whvw ri h!flhqf| ri lqwudkrxvhkrog ghfl0
vlrqv xqohvv rqh xqghuvwdqgv wkh qdwxuh ri wkh ghsduwxuh iurp v|pphwu| xqghu
wkh sulqflsdo dowhuqdwlyh prghov ri krxvhkrog ghflvlrq pdnlqj1 Lq sduwlfxodu li
qrqfrrshudwlyh prghov zhuh wr jlyh ulvh wr d ghsduwxuh ri vlplodu udqn wkhq wklv
zrxog reylrxvo| qrw eh d ihdwxuh ri ghpdqg ehkdylrxu zklfk zrxog eh ri xvh lq
glvfulplqdwlqj ehwzhhq wkhvh dowhuqdwlyh dvvxpswlrqv derxw zlwklq krxvhkrog
ehkdylrxu1 Rq wkh rwkhu kdqg/ li wkh ghsduwxuh iurp v|pphwu| xqghu qrqfr0
rshudwlyh ehkdylrxu zhuh wr eh ri juhdwhu udqn wkhq wkh Eurzqlqj0Fkldssrul
uhvxow zrxog qrw rqo| surplvh wr uhfrqfloh dvvxpswlrqv ri rswlplvlqj ehkdylrxu
zlwk ghpdqg gdwd exw dovr surylgh hylghqfh lq idyrxu ri wkh froohfwlyho| udwlrqdo
prgho djdlqvw rwkhu ghvfulswlrqv ri zlwklq0krxvhkrog ghflvlrq pdnlqj1
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Lq wklv sdshu zh hvwdeolvk wkh udqn ri wkh ghsduwxuh iurp Voxwvn| v|pphwu|
iru frxsohv xqghu wkh dvvxpswlrq ri Qdvk htxloleulxp lq lqglylgxdo ghpdqgv1
Zh vkrz wkdw wkh Voxwvn| pdwul{ lv wkh vxp ri d v|pphwulf pdwul{ dqg dqrwkhu
ri udqn dw prvw 51 Wklv uhvxow lpsolhv qrw rqo| wkdw wkh Eurzqlqj0Fkldssrul
dvvxpswlrq ri h!flhqf| fdq eh whvwhg djdlqvw rwkhu prghov zlwklq wkh fodvv ri
wkrvh edvhg rq lqglylgxdo rswlplvdwlrq/ exw dovr wkdw wkh k|srwkhvlv ri Qdvk
htxloleulxp lq ghpdqgv kdv whvwdeoh frqwhqw djdlqvw d jhqhudo dowhuqdwlyh1

5 D qrq0frrshudwlyh Qdvk prgho ri krxvhkrog

ghpdqgv

514 Jhqhudo iudphzrun

Vxssrvh d krxvhkrog frqvlvwv ri wzr lqglylgxdov odehoohg D dqg E1 Wkh krxvh0
krog vshqgv rq d vhw ri p sulydwh jrrgv t dqg q sxeolf jrrgv/zkhuh wkh wrwdo ri
krxvhkrog h{shqglwxuh lv qrwhg T1 Wkh txdqwlwlhv sxufkdvhg e| wkh lqglylgxdov
duh tD/ tE / TD dqg TE zlwk wrwdo krxvhkrog txdqwlwlhv ehlqj t @ tD . tE dqg
T @ TD. TE = Lqglylgxdo xwlolw| ixqfwlrqv duh xD+tD> T, dqg xE+tE> T,1 Wkh
wzr sduwqhuv eulqj lq vhsdudwh lqfrphv ri |D dqg |E= Sulfhv ri wkh wzr vruwv ri
jrrgv duh yhfwruv s dqg S 1

Hdfk shuvrq ghflghv rq wkh sxufkdvhv pdgh iurp wkhlu rzq lqfrph vr dv
wr pd{lplvh wkhlu rzq xwlolw| vxemhfw wr wkh vshqglqj ghflvlrqv ri wkh sduwqhu1
Khqfh/ D fkrrvhv tD dqg TD wr vroyh

pd{
tD>TD

xD+tD> TD .TE, v1 w1 stD . STD
� |D> TD

� 3

dqg E fkrrvhv tE dqg TE wr vroyh

pd{
tE>TE

xE+tE >TD .TE, v1 w1 stE . STE
� |E> TE

� 3=

Qrwh wkdw zh fdq zulwh wkhvh wzr sureohpv htxlydohqwo| dv

pd{
tD>T

xD+tD>T, v1 w1 stD . ST � |D . STE> T � TE

dqg

pd{
tE>T

xE+tE > T, v1 w1 stE . ST � |E . STD> T � TD=

Zh frqfhqwudwh rq wkh fdvh ri lqwhulru vroxwlrqv zkhuh erwk sduwqhuv frqwulexwh
wr doo sxeolf jrrgv1 Lq Qdvk htxloleulxp wkh txdqwlwlhv sxufkdvhg zloo vdwlvi|

tD @ iD+|D . STE> s> S ,

tE @ iE+|E . STD> s> S ,

T @ ID+|D . STE> s> S ,

@ IE+|E . STD> s> S ,=
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zkhuh iD+=, dqg ID+=, duh ghpdqg ixqfwlrqv fruuhvsrqglqj wr D*v suhihuhqfhv
dqg wrjhwkhu vdwlvi|lqj wkh xvxdo ghpdqg surshuwlhv lqfoxglqj Voxwvn| v|pphwu|
dqg iE+=, dqg IE+=, duh ghpdqg ixqfwlrqv fruuhvsrqglqj wr E*v suhihuhqfhv/ ri
zklfk wkh vdph lv wuxh1

515 Ghpdqg uhvsrqvhv

Ghpdqg uhvsrqvhv iroorz iurp

P
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| 3
3 iE
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3 IE

|

4
FFD @

3
EEC

dU 3
3 eU

+Lq � �,U 3
3 +Lq � �,U

4
FFD

Q5 @

3
EEC

iD
s iD

S . iD
| TE3

iE
s iE

S . iE
| TD3

ID
s ID

S . ID
| TE3

IE
s IE

S . IE
| TD3

4
FFD @

3
EEC

iD
s iD

S . dUTE3

iE
s iE

S . eUTD3

ID
s ID

S . +Lq � �,UTE3

IE
s IE

S . +Lq �E,UTD3

4
FFD

dqg U @ S +S 3S ,�4> dqg Lq uhgxfhv wr d vfdodu1

Khqfh 3
EEC

gtD

gtE

gTD

gTE

4
FFD @ P�4Q4

�
g|D

g|E

�
.P�4Q5

�
gs
gS

�
=

Lq w|slfdo exgjhw vxuyh|v/ zh revhuyh wrwdo krxvhkrog sxufkdvhv udwkhu wkdq
vshqglqj e| lqglylgxdo phpehuv1 Lq whupv ri krxvhkrog sxufkdvhv t dqg T zh
kdyh �

gt
gT

�
@ HP�4Q4

�
g|D

g|E

�
.HP�4Q5

�
gs
gS

�

7



zkhuh

H @

�
Lp Lp 3 3
3 3 Lq Lq

�

lv dq dssursuldwh djjuhjdwlqj pdwul{1
Wkh pdwul{ P kdv d eorfn xsshu wuldqjxodu vwuxfwxuh zklfk pdnhv lw uhdglo|

lqyhuwleoh1 Lq d frqyhqlhqw uhsuhvhqwdwlrq

P�4 @

3
EEC

Lp 3 �d�V dW
3 Lp eV �e�W
3 3 V ��W
3 3 ��V W

4
FFD

, HP�4 @

�
Lp Lp +e� d�,V +d� e�,W
3 3 +Lq � �,V +Lq � �,W

�

zkhuh W @ +Lq���,�4 dqg V @ +Lq���,�41 Wkhvh wzr pdwulfhv duh lqwlpdwho|
olqnhg dqg zh pdnh iuhh xvh lq wkh h{srvlwlrq ri uhvxowv olqnlqj wkh wzr41

516 Lqfrph h�hfwv

Zh fdq ghulyh h{suhvvlrqv iru wkh h�hfwv ri hdfk sduwqhu*v lqfrph rq krxvhkrog
sxufkdvhv ri doo jrrgv

� @

�
gt@g|D gt@g|E

gT@g|D gT@g|E

�
@ HP�4Q4

@

�
d. +e� d�,V+Lq � �,U e. +d� e�,W +Lq � �,U
+Lq � �,V+Lq � �,U +Lq � �,W +Lq � �,U

�
=

Lw fdq eh vkrzq wkdw wkh wzr froxpqv ri wklv pdwul{ duh lq idfw lghqwlfdo
vlqfh

d. +e� d�,V+Lq � �, @ e. +d� e�,W +Lq � �, @ eV+Lq � �, . dW +Lq � �,

+Lq � �,V+Lq � �, @ +Lq � �,W +Lq � �,=

Ohw ! ghqrwh wklv frpprq froxpq vr wkdw � @ !

�
4
4

�
3

=

Wkh glvwulexwlrq ri lqfrph zlwklq wkh krxvhkrog lv wkhuhiruh orfdoo| luuhohydqw
wr krxvhkrog ghpdqgv surylghg wkdw zh duh dw dq lqwhulru vroxwlrq1 Wklv uhvxow
zdv �uvw hvwdeolvkhg lq wkh olwhudwxuh rq sulydwh surylvlrq ri sxeolf jrrgv e|
Zduu +4<;6,/ Nhps +4<;7, dqg Ehujvwurp/ Eoxph dqg Yduldq +4<;9,/ wkhq
odwhu uhglvfryhuhg lq wkh frqwh{w ri krxvhkrog ghpdqg prghov e| Xosk +4<;;,1

Lw phdqv lq wkh fxuuhqw frqwh{w wkdw lqfrph h�hfwv ri sulfh fkdqjhv fdq eh
gh�qhg vwudljkwiruzdugo| vlqfh lqfrph iurp dq| vrxufh kdv wkh vdph h�hfw rq
krxvhkrog ghpdqg1

4 Lq sduwlfxodu/ A ' U? n q7k/ 7 ' U? n kAq/ kA ' 7k/ Aq ' q7/ Aq@ ' A 3 U? dqg
kq7 ' 7 3 U?1
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517 Sulfh h�hfwv dqg Voxwvn| v|pphwu|

Xqfrpshqvdwhg sulfh uhvsrqvhv iroorz iurp

� @

�
gt@gs gt@gS
gT@gs gT@gS

�
@ HP�4Q5

@

�
�44 �45

�54 �55

�

zkhuh

�44 @ iD
s . iE

s . +e� d�,VID
s . +d� e�,WIE

s

�45 @ iD
S . iE

S . +e� d�,VID
S . +d� e�,WIE

S . dUTE3 . eUTD3

.+e� d�,V+Lq � �,UTE3 . +d� e�,W +Lq � �,UTD3

�54 @ +Lq � �,VID
s . +Lq � �,WIE

s

�55 @ +Lq � �,VID
S . +Lq � �,WIE

S

.+Lq � �,V+Lq � �,UTE3 . +Lq � �,W +Lq � �,UTD3=

Eurzqlqj dqg Fkldssrul +4<<;, gh�qh wkh svhxgr0Voxwvn| pdwul{1 Lq wkh

suhvhqw frqwh{w zh fdq vhh wklv dv zkdw zrxog eh fdofxodwhg lq sodfh ri wkh Voxw0
vn| pdwul{ li wkh krxvhkrog zhuh wuhdwhg dv ehkdylqj dffruglqj wr wkh xqlwdu|

prgho1 Wkxv wkh svhxgr0Voxwvn| pdwul{ kdv wkh irup � @ � . !

�
t
T

�
3

@�
�44 �45

�54 �55

�
=

E| vxevwlwxwlrq/ zh fdq ghulyh h{suhvvlrqv iru hdfk ri wkh whupv

�44 @ +eV+Lq � �, . dW +Lq � �,,U+tD . tE,3

.iD
s . iE

s . +e� d�,VID
s . +d� e�,WIE

s

@ dUtD3 . eUtE3 . iD
s . iE

s

.+e� d�,V+ID
s . +Lq � �,UtD3, . +d� e�,W +IE

s . +Lq � �,UtE3,

�45 @ 5+eV+Lq � �, . dW +Lq � �,,UT3

.iD
S . iE

S . +e� d�,VID
S . +d� e�,WIE

S

@ +d. e,UT3 . iD
S . iE

S

.+e� d�,V+ID
S . +Lq � �,UT3, . +d� e�,W +IE

S . +Lq � �,UT3,

�54 @ +Lq � �,W +Lq � �,U+tD . tE,3 . +Lq � �,VID
s . +Lq � �,WIE

s

@ +Lq � �,UtD3 . +Lq � �,UtE 3 . ID
s . IE

s

�+Lq � �,W�++Lq � �,UtD3 . ID
s ,� +Lq � �,V�++Lq � �,UtE3 . IE

s ,

�55 @ 5+Lq � �,W +Lq � �,UT3 . +Lq � �,VID
S . +Lq � �,WIE

S

@ ++Lq � �, . +Lq � �,,UT3 . ID
S . IE

S

�+Lq � �,W�++Lq � �,UT3 . ID
S ,� +Lq � �,V�++Lq � �,UT3 . IE

S ,=
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Exw wkhq wklv fdq eh vkrzq wr dgplw d ghfrpsrvlwlrq

� @ �D .�E .�

zkhuh

�D @

�
iD
s iD

S

ID
s ID

S

�
.

�
dU

+Lq � �,U

��
tD
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�
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�E @

�
iE
s iE
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IE
s IE

S

�
.

�
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��
tE

T

�
3

� @

�
+e� d�,V

�+Lq � �,�V

��
+Lq � �,UtD3 . ID

s

+Lq � �,UT3 . ID
S

�3

.

�
+d� e�,W

�+Lq � �,�W

��
+Lq � �,UtE3 . IE

s

+Lq � �,UT3 . IE
S

�
3

=

Erwk �D dqg �E duh lqglylgxdo Voxwvn| pdwulfhv dqg wkhuhiruh v|pphwulf1
Wkh ghsduwxuh iurp v|pphwu| wkhuhiruh ghshqgv rq wkh surshuwlhv ri wkh pdwul{
�1 Wklv/ ehlqj wkh vxp ri wzr rxwhu surgxfwv ri yhfwruv lv sodlqo| ri udqn 5 lq
jhqhudo1

518 Glvfxvvlrq

Wklv lv d uhvxow ri frqvlghudeoh lqwhuhvw iru dw ohdvw wzr uhdvrqv1 Iluvwo| lw hvwde0
olvkhv wkdw wkh ghsduwxuh iurp v|pphwu| kdv d juhdwhu udqn lq qrqfrrshudwlyh
wkdq lq frrshudwlyh prghov1 Wkh Eurzqlqj dqg Fkldssrul whvw lqyroylqj wkh
udqn ri wklv pdwul{ wkhuhiruh kdv srzhu djdlqvw dw ohdvw rqh dowhuqdwlyh zlwklq
wkh fodvv ri prghov lqyroylqj lqglylgxdo rswlplvdwlrq1 Wkh lqdelolw| wr uhmhfw d
udqn 4 ghyldwlrq iurp Voxwvn| v|pphwu| lq wkhlu sdshu fdq wkhuhiruh eh vhhq dv
d idloxuh wr uhmhfw frrshudwlyh ehkdylrxu djdlqvw qrqfrrshudwlyh prghov ri wkh
vruw wuhdwhg khuh1

Vhfrqgo| lw vkrzv wkdw wkh qrqfrrshudwlyh prgho lv lwvhoi whvwdeoh djdlqvw d
jhqhudo dowhuqdwlyh jlyhq vx!flhqw qxpehu ri jrrgv1

519 H{whqvlrqv

D qxpehu ri gluhfwlrqv iru h{whqglqj wkh wkhru| suhvhqwhg khuh surylgh wkh
pdwhuldo iru zrun lq surjuhvv1 Lq sduwlfxodu/ irxu lvvxhv ghvhuyh vshfl�f dw0
whqwlrq1 Iluvwo|/ wkh uhvxow zloo eh jhqhudolvhg wr wkh fdvh zkhuh krxvhkrog
phpehuv*suhihuhqfhv duh gh�qhg rq wkh sxeolf jrrgv udwkhu wkdq rq wkh wrwdo ri
wkh krxvhkrog*v h{shqglwxuh rq wkh sxeolf jrrgv1 Vhfrqgo|/ jhqhudolvdwlrq wr wkh
fdvh ri pruh wkdq wzr krxvhkrog phpehuv lv d surplvlqj gluhfwlrq ri uhvhdufk/
dowkrxjk wkh wzr0shuvrq fdvh lv reylrxvo| hpslulfdoo| wkh prvw uhohydqw dqg lp0
sruwdqw iru pdq| vrflhwlhv1 Wklugo|/ wkh srvvlelolw| ri qrq0lqwhulru vroxwlrqv zlwk
rqh ru pruh phpehu ri wkh krxvhkrog fkrrvlqj qrw wr vshqg rq fhuwdlq sxeolf

:



jrrgv qhhgv wr eh dgguhvvhg1 Irxuwko|/ wkh srvvlelolw| ri �fdulqj� suhihuhqfhv
+vhh Ehfnhu +4<<4,/ Erxujxljqrq dqg Fkldssrul +4<<7,, lq zklfk sduwqhuv* suhi0
huhqfhv ghshqg rq �hjrlvwlf� xwlolwlhv ri erwk krxvhkrog phpehuv r�hu d ihdvleoh
zd| wr uhod{ wkh vrphzkdw phufhqdu| ehkdylrxu hylghqw lq fuxghu yhuvlrqv ri
qrqfrrshudwlyh prghov1

;



Uhihuhqfhv

^4` Edqnv/ M1/ U1 Eoxqghoo dqg D1 Ohzeho/ 4<<:/ Txdgudwlf Hqjho fxuyhv dqg
frqvxphu ghpdqg/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv :</ 85:086<1

^5` Ehfnhu/ J1 V1/ 4<<4/ D Wuhdwlvh rq wkh Idplo|/ Fdpeulgjh= Kduydug Xql0
yhuvlw| Suhvv1

^6` Ehujvwurp/ W1F1/ O1 Eoxph dqg K1 Yduldq/ 4<;9/ Rq wkh sulydwh surylvlrq
ri sxeolf jrrgv/ Mrxuqdo ri Sxeolf Hfrqrplfv 5</ 5808<1

^7` Eurzqlqj/ P1/ I1 Erxujxljqrq/ S10D1 Fkldssrul dqg Y1 Ohfkhqh/ 4<<7/
Lqfrphv dqg rxwfrphv= d vwuxfwxudo prgho ri lqwudkrxvhkrog doorfdwlrqv/
Mrxuqdo ri Srolwlfdo Hfrqrp| 435/ 439:043<91

^8` Erxujxljqrq/ I1 dqg S10D1Fkldssrul/ 4<<7/ Wkh froohfwlyh dssurdfk wr
krxvhkrog ehkdylrxu/ lq= Wkh Phdvxuhphqw ri Krxvhkrog Zhoiduh/ hg1
U1 Eoxqghoo/ L1 Suhvwrq dqg L1 Zdonhu/ Fdpeulgjh= Fdpeulgjh Xqlyhuvlw|
Suhvv/ :30;81

^9` Eurzqlqj/ P1 dqg F1 Phjklu/ 4<<4/ Wkh h�hfwv ri pdoh dqg ihpdoh oderu
vxsso| rq frpprglw| ghpdqgv/ Hfrqrphwulfd 8</ <580<841

^:` Eurzqlqj/ P1 dqg S10D1 Fkldssrul/ 4<<;/ H!flhqw lqwud0krxvhkrog door0
fdwlrqv= d jhqhudo fkdudfwhulvdwlrq dqg hpslulfdo whvwv/ Hfrqrphwulfd 99/
4574045:;1

^;` Ghdwrq/ D1 V1/ 4<<3/ Sulfh hodvwlflwlhv iurp vxuyh| gdwd= h{whqvlrqv dqg
Lqgrqhvldq uhvxowv/ Mrxuqdo ri Hfrqrphwulfv 77/ 5;4063<1

^<` Nhps/ P1/ 4<;7/ D qrwh rq wkh wkhru| ri lqwhuqdwlrqdo wudqvihuv/ Hfrqrplfv
Ohwwhuv 47/ 58<05951

^43` Pdqvhu/ P1 dqg P1 Eurzq/ 4<;3/ Pduuldjh dqg krxvhkrog ghflvlrq pdnlqj=
d edujdlqlqj dqdo|vlv/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz 54/ 640771

^44` PfHour|/ P1 E1/ 4<<3/ Wkh hpslulfdo frqwhqw ri Qdvk0edujdlqhg krxvhkrog
ehkdylrxu/ Mrxuqdo ri Kxpdq Uhvrxufhv 58/ 88<08;61

^45` PfHour|/ P1 E1 dqg P1 M1 Kruqh|/ 4<;4/ Qdvk0edujdlqhg ghflvlrqv= wrzdug
d jhqhudolvdwlrq ri wkh wkhru| ri ghpdqg/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz
55/ 666067<1

^46` Vdpxhovrq/ S1 D1/ 4<89/ Vrfldo lqgl�huhqfh fxuyhv/ Txduwhuo| Mrxuqdo ri
Hfrqrplfv :3/ 40551

^47` Xosk/ G1 W1/4<;;/ D jhqhudo qrq0frrshudwlyh Qdvk prgho ri krxvhkrog frq0
vxpswlrq ehkdylrxu/ Xqlyhuvlw| ri Eulvwro Zrunlqj Sdshu ;;25381

^48` Zduu/ S1/ 4<;6/ Wkh sulydwh surylvlrq ri d sxeolf jrrg lv lqghshqghqw ri
wkh glvwulexwlrq ri lqfrph/ Hfrqrplfv Ohwwhuv 46/ 53:05441

<



^49` Zrrooh|/ I1/ 4<;;/ D qrq0frrshudwlyh prgho ri idplo| ghflvlrq pdnlqj/
VWLFHUG Glvfxvvlrq Sdshu Qr WLGL2458/ Orqgrq Vfkrro ri Hfrqrplfv1
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