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Devwudfw

Zh xvh d g|qdplf jhqhudo htxloleulxpprgho zlwk ryhuodsslqj jhqhu0

dwlrqv ri orqj0olyhg djhqwv idflqj olihwlph xqfhuwdlqw|/ srsxodwlrq jurzwk

dqg d Sd|0Dv0\rx0Jr vrfldo vhfxulw| v|vwhp/ lq rughu wr dqdo|}h wkh rs0

wlpdo wd{ vwuxfwxuh ri wkh Vsdqlvk vrfldo vhfxulw| v|vwhp/ dv lw fxuuhqwo|

vwdqgv dqg lq wkh oljkw ri wkh iruhfdvwhg ghprjudsklf fkdqjhv1

Zh fkdudfwhul}h dqg vroyh wkh htxloleulxp ri wkh prgho iru gl�huhqw

ghprjudsklf vfhqdulrv dqg uhohydqw sdudphwhu ydoxhv/ pdnlqj xvh ri wkh

frqfhsw ri rswlpdolw| ri vrfldo vhfxulw| wd{hv ghyhorshg e| Lpurkrur
jox/
Lpurkrur
jox dqg Mrlqhv +4<<8,1

Rxu pdlq �qglqjv lqglfdwh wkdw wkh rswlpdo +dyhudjh xwlolw| pd{0

lpl}lqj, wd{hv qhhg qrw qhfhvvdulo| eh htxdo wr }hur1 Xqghu sodxvleoh

sdudphwhul}dwlrqv zh �qg srvlwlyh wd{ udwhv/ doehlw orzhu wkdq wkh fxu0

uhqw rqhv/ vxssruwlqj wkh k|srwkhvlv wkdw SD\J v|vwhpv pd| lqfuhdvh

hfrqrplf zhoiduh1 G|qdplf lqh!flhqf| sod|v d nh| uroh lq wklv rxwfrph1

�L zrxog olnh wr wkdqn p| vxshuylvru/ Udprq Pdulprq/ dv zhoo dv Vwhyhq Dpeohu/ Rpdu

Olfdqgur dqg Doiuhg Vwhlqkhuu1 Wkdqnv jr dovr wr Mxdq D1 Ihuqäqgh} Frugöq/ iurp wkh

Lqvwlwxwh ri Hfrqrplfv dqg Jhrjudsk| ri wkh Vsdqlvk Frxqflo iru Vflhqwl�f Uhvhdufk +FVLF,/

iru surylglqj ph zlwk wkh qhfhvvdu| ghprjudsklf gdwd1 Wkh dxwkru dfnqrzohgjhv �qdqfldo

vxssruw iurp wkh Vsdqlvk Plqlvwu| ri Iruhljq D�dluv/ wkurxjk d Vdoydgru gh Pdgduldjd

vfkroduvkls/ dqg wkh HXL1 Dq| huuruv duh plqh1
|Wklv zrun zdv frpsohwhg zkloh wkh dxwkru zdv d uhvhdufkhu dw wkh Hxurshdq Xqlyhuvlw|

Lqvwlwxwh +HXL,/ Ioruhqfh/ Lwdo|1 Kh fdq fxuuhqwo| eh frqwdfwhg dw wkh Vrfldo Srolf| Glylvlrq

ri wkh Rujdqlvdwlrq iru Hfrqrplf Fr0Rshudwlrq dqg Ghyhorsphqw +RHFG,/ Sdulv/ Iudqfh1

Wkh RHFG lv qrw uhsrqvleoh iru wkh ylhzv h{suhvvhg lq wklv sdshu1
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4Wklv sdshu lv edvhg rq wkh vhfrqg fkdswhu ri wkh dxwkru*v SkG glvvhuwdwlrq/ �D G|qdplf

Jhqhudo Htxloleulxp Dqdo|vlv ri wkh Vsdqlvk Vrfldo Vhfxulw| V|vwhp� ghihqghg dw wkh HXL

lq Mxqh 53331
5Vhh Dumrqd +5333e, iru d vxuyh| ri wkh pdlq plfur0vlpxodwlrq vwxglhv dqg g|qdplf

jhqhudo htxloleulxp prghov ghdolqj zlwk wkh lvvxh ri shqvlrq uhirup1
6Wkh rog0ghshqghqf| udwlr lv gh�qhg dv wkh udwlr wkdw uhodwhv wkh qxpehu ri shrsoh djhg

98 dqg pruh wr wkrvh zklfk duh fxuuhqwo| zrunlqj1
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7Rwkhuv/ qhyhuwkhohvv/ fodlphg rssrvlwh uhvxowv +vhh Eduur*v +4<:;, frqwulexwlrq,1
8Dowkrxjk wklv sdshu grhv qrw h{dplqh wkh lvvxh ri rswlpdo wd{dwlrq ã od Udpvh|/ lw vhhpv

qhfhvvdu| wr eulh | frpphqw rq vrph nh| frqwulexwlrqv wr wkdw vwudqg ri wkh olwhudwxuh1

D fodvvlf sureohp lq wkh hfrqrplf olwhudwxuh lv wkh rqh ri �qdqflqj d vwuhdp ri jryhuqphqw

h{shqglwxuh zkhq oxps0vxp wd{dwlrq lv qrw dydlodeoh/ wkh vr0fdoohg �vhfrqg0ehvw� dssurdfk

wr rswlpdo wd{dwlrq/ zkrvh vhplqdo frqwulexwlrq gdwhv edfn wr Udpvh|*v +4<5:, dqg Pluuohhv*

+4<:4, zrun1 Rswlpdo Udpvh| srolflhv duh ghulyhg dv vroxwlrqv wr wkh �Udpvh| sureohp� lq

zklfk wkh jryhuqphqw fkrrvhv d vhw ri wd{hv vxfk wkdw wkh dvvrfldwhg doorfdwlrqv fkrvhq e|

lqglylgxdo djhqwv dqg �upv vroyh wkh frpshwlwlyh htxloleulxp dqg wkh vrfldo zhoiduh ixqfwlrq

lv pd{lpl}hg1 Wkdw lv/ wkh jryhuqphqw lq wkh hfrqrp| fkrrvhv wkh srolf| zklfk pd{lpl}hv

lwv remhfwlyh ixqfwlrq/ xvlqj d fhuwdlq lqwhujhqhudwlrqdo glvfrxqw idfwru/ wdnlqj wkh uhvsrqvh

ri lqglylgxdo djhqwv wr wklv srolf| dv jlyhq1

Vhyhudo sdshuv kdyh dqdo|}hg rswlpdo wd{dwlrq lq g|qdplf jhqhudo htxloleulxp prghov

+vhh/ iru lqvwdqfh/ Dpeohu +4<<<,/ Fkdul/ Fkulvwldqr dqg Nhkrh +4<<8,/ ru Mxgg +4<<<,/ iru
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dq dqdo|vlv ri wkh pdlq suhglfwlrqv dqg d vxuyh| ri wkh olwhudwxuh,1 Prvw ri wkhvh vwxglhv

kdyh fhqwhuhg rq wkh vwdqgdug qhrfodvvlfdo jurzwk prgho zlwk lq�qlwho|0olyhg djhqwv dqg

dlphg dw vxssruwlqj ru fkdoohqjlqj wkh Fkdpoh|0Mxgg uhvxowv1 Fkdpoh| +4<;9, dqg Mxgg

+4<;8, vkrz wkdw wkh rswlpdo lqfrph wd{ srolf| lv wr wd{ fdslwdo dw duelwudulo| kljk udwhv lq

wkh vkruw0uxq1 Fdslwdo lqfrph wd{hv zrxog wkhq frqyhujh wr }hur lq wkh orqj0uxq +wkh vxsso|

ri fdslwdo lv lqhodvwlf lq wkh vkruw0uxq dqg/ khqfh/ wd{lqj lw dw frq�vfdwru| udwhv eulqjv wkh

hfrqrp| forvh wr d *�uvw0ehvw* vhwwlqj lq zklfk oxps0vxp wd{hv duh dydlodeoh,1

D ihz rwkhu vwxglhv kdyh irfxvhg rq wkh Udpvh| sureohp lq olih0f|foh prghov1 Dprqj

wkhp duh Dwnlqvrq dqg Vdqgpr +4<;3,/ Sdun +4<<4, dqg Hurvd dqg Jhuydlv +4<<;,1 Zkdw

gl�huhqwldwhv rswlpdo wd{dwlrq uhvxowv iru ryhuodsslqj jhqhudwlrqv prghov iurp wkh uhvxowv

iru uhsuhvhqwdwlyh djhqw prghov lv wkh h{lvwhqfh ri srvlwlyh fdslwdo lqfrph wd{ ohyhov lq wkh

vwhdg| vwdwh1 Erwk w|shv ri prghov fdq ohdg wr srvlwlyh wd{ udwhv rq oderxu lqfrph lq wkh

orqj uxq1

Wkh dxwkru lv fxuuhqwo| zrunlqj rq wkh rswlpdolw| ri vrfldo vhfxulw| ghvljqv zlwklq wkh

iudphzrun ri wkh olwhudwxuh rq rswlpdo wd{dwlrq lq olih0f|foh prghov1 Iru wkdw sxusrvh kh lv

dqdo}|lqj wkh Udpvh| sureohp lq d odujh ryhuodsslqj jhqhudwlrqv prgho zlwk dq xqixqghg

SD\J vrfldo vhfxulw| v|vwhp1
9Ihogvwhlq +4<;8, h{dplqhv d prgho lq zklfk djhqwv* h{shfwdwlrqv phfkdqlvp ghsduwv

iurp shuihfw iruhvljkw1 Kxeedug dqg Mxgg +4<;:, xvh d olih0f|foh hfrqrp| lq zklfk djhqwv

idfh eruurzlqj frqvwudlqwv dqg olihwlph xqfhuwdlqw|1 Dxhuedfk dqg Nrwolnr�*v +4<;:, ryhu0

odsslqj jhqhudwlrqv prgho lv srsxodwhg e| djhqwv zklfk fdq eruurz djdlqvw olihwlph lqfrph

dqg idfh qr olihwlph xqfhuwdlqw|1
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:Ehfdxvh wkhlu ehqfkpdun hfrqrp| lv �g|qdplfdoo| lqh!flhqw� lq wkh devhqfh ri dq

xqixqghg vrfldo vhfxulw| v|vwhp +lq wkh vhqvh Gldprqg +4<98,,/ dq xqixqghg vrfldo vhfxulw|

duudqjhphqw orzhuv wkh vwhdg|0vwdwh fdslwdo vwrfn dqg surylghv d kljkhu udwh ri uhwxuq wkdq

sk|vlfdo fdslwdo1
;Lq d ixuwkhu frqwulexwlrq/ Lpurkrur
jox/ Lpurkrur
jox dqg Mrlqhv +4<<<, lqfrusrudwh d

�{hg idfwru ri surgxfwlrq lq wkh prgho1 Wkh h{lvwhqfh ri wklv qhz idfwru uxohv rxw dq|

srvvleoh g|qdplf lqh!flhqf| dqg lpshghv wkh ryhudffxpxodwlrq ri fdslwdo1

Lq vxfk d vhwxs/ dv wkh fdslwdo vwrfn lqfuhdvhv/ lwv udwh ri uhwxuq ghfuhdvhv dqg wkh lpsolhg

ghfolqh lq wkh glvfrxqw udwh pdnhv wkh sulfh ri odqg ulvh1 Wklv lqfuhdvh lq wkh sulfh devruev

wkh vdylqjv ri zrunhuv dqg jlyhv fdslwdo jdlqv wr wkh rzqhuv ri wklv idfwru +odqg,1 Ehfdxvh

wkh sulfh ri odqg fdq lqfuhdvh zlwkrxw erxqg/ ryhudffxpxodwlrq ri fdslwdo lv uxohg rxw dqg

wkh lqwurgxfwlrq ri dq xqixqghg vrfldo vhfxulw| v|vwhp orzhuv djjuhjdwh frqvxpswlrq dqg

zhoiduh1

Lw lv zruwk qrwlqj/ krzhyhu/ wkdw wklv phfkdqlvp krogv lqvridu dv wkh glvfrxqw udwh lv ehorz

d fhuwdlq ohyho +41365 iru wkhlu fdoleudwlrq,1 Wkh dxwkruv dujxh wkdw wklv ydoxh lv kljkhu wkdq

wkh hpslulfdo hvwlpdwhv zklfk duh zlghvsuhdg lq wkh olwhudwxuh/ dqg wkhuhiruh wkh pdunhw

ydoxh ri odqg grhv qrw h{fhhg wkh ydoxh ri fdslwdo iru doo uhdvrqdeoh glvfrxqw udwh ohyhov1
<Vhh Dumrqd +5333d, iru d ghvfulswlrq ri wkh Vsdqlvk vrfldo vhfxulw| v|vwhp lq sodfh1
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45Ohw xv ghqrwh wkh ghulydwlyh ri wkh xwlolw| ixqfwlrq zlwk uhvshfw wr fw3>m dqg ow3>m dv

Xfw3>m
dqg Xow3>m

/ uhvshfwlyho|1 Qrwlfh wkdw wkh ixqfwlrqdo vshfl�fdwlrq ri wkh xwlolw| ixqfwlrq

jxdudqwhhv wkdw fw3>m A 3 dqg ow3>m A 3/ ;m> w1
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47Wkh ydoxhv ri wkh fdoleudwhg sdudphwhuv lq Wdeoh 4 duh iru |hduo| prgho shulrgv +l1h1

d uhihuhqfh prgho zlwk :3 jhqhudwlrqv,1 Lq rughu wr uxq wkh vlpxodwlrqv zh kdyh fkrvhq

d prgho shulrg ri 8 |hduv +wkh prgho kdv 47 jhqhudwlrqv, dqg dgdswhg wkh ydoxhv ri wkh

sdudphwhuv dffruglqjo|1

 ?



�	 #����� 	#�  (��� �� @	�" �� ��( . 5>>//(48 �$� ���
	��� )�
�	� �� �� ��� �	
&� ������� �� �� ���&�
$ ��� 3	���0	4 . 5>=/ �� �$� &������� 
���( J� '���
���	 ��� � ���
	��� )�
�	 	) ����� �� �� B��	$		C���� B��	$		C��� ��� A	����
. 55?�  559/� ���
$��� �$� ��
����� ��)����� $���%�$���� �	*��� 	) �4�
��#�
���
	��� )�
�	�� �� 	&������ &� @�� . 5>5/� ��� 7���� �? �� �������� ��(49

J� 
$		�� #S 	 �� �� �

	���
� '��$ �$� #���� ����
��� �� �$� ��������
)	 ���� 	#�������� �������	� �	���� .B��	$		C���� B��	$		C��� ��� A	����
. 55?�  559/� @����� ��� M����� . 55>//( J� 
$		�� � #���� 	) ��� )	 #,� �	
�$�� �$� ���� ��#	��� �	 '	0 &� �� ����#����� ����� �� 	� �#���� ?> $	�� ��
'��0� )	��	'��� �$� ������� ��� )	'�� �� ���&�
$ ��� 3	���0	4 . 5>=/(

*���� �	����� �

�$� �
	�	�� �	��
�� � ������ �		� )	� �������� 
������ ��� ��&	� �
%

	���� �	 � �	&&%�	����� �	��
��	� )��
��	�:4:

�| 	 �
�
�_

| � �
_
|

�
	 $

�
�_

|

�k �
�_
|

�
�3k

.��/

$ �� � �
����� 
	������ ��� % �� � ������� '$�
$ ������� �$� 
������
�$�� �� ��
	��(

�$� �	&��� 	) �$� ����������#� *� �� �$��)	�:

���
g_

|
c u_

|

$
�
�_

|

�k �
�_
|

�
�3k

� �| �
_
| � 
�| � ���

_
| .� /

�� �I����&���� )�
�	�2 ��0��� 
��� �	 �$�� ��&	� ������ �I���� ��&	�
������� �_

| 	 �
r
| � ��� 
������ ������ �I���� 
������ ������� � _

| 	 � r
| ( 7���

48Vhh Lpurkrur
jox/ Lpurkrur
jox dqg Mrlqhv +4<<6/ 4<<8, iru d glvfxvvlrq ri wkh uroh ri

vxemhfwlyh glvfrxqw idfwru eljjhu wkdq xqlw|1 Vhh Krw} hw do1 +4<;;,/ Kxug +4<;<, ru Kdqvhq

dqg Vlqjohwrq +4<<6, iru hpslulfdo qhjdwlyh hvwlpdwhv ri udwhv ri wlph suhihuhqfh +prvw

vwxglhv irfxv rq wkh XV,1 Vhh Gdylhv +4<;4,/ Lpurkrur
jox/ Lpurkrur
jox dqg Mrlqhv +4<<6/

4<<8,/ Ulrv0Uxoo +4<<9,/ ru Kxjhww dqg Yhqwxud +4<<<, iru olih0f|foh prghov lqfoxglqj wklv

ihdwxuh1
49Iljxuh D6 vkrzv wkh vhtxhqfh ri h�hfwlyh glvfrxqw idfwruv/ / iru � @ 3=<;8 dqg � @ 4=3441

Wkh h�hfwlyh glvfrxqw idfwru iru � @ 3=<;8 lv pruh wkdq sursruwlrqdoo| ghfuhdvlqj/ dv djh

lqfuhdvhv1 Iru � @ 4=344/ wkh h�hfwlyh glvfrxqw idfwru vkrzv d voljkw lqfuhdvh xs wr uhwluhphqw
djh/ iroorzhg e| d vkdus ghfuhdvh wkh suredelolwlhv ri vxuylydo ehfrph orz1

4:Wkh hpslulfdo hylghqfh wkdw idfwru vkduhv dqg fdslwdo0rxwsxw udwlrv kdyh uhpdlqhg

urxjko| frqvwdqw ryhu wlph +vhh Olfdqgur hw do1 +4<<8,, zkloh wkh udwlr z

u
kdv lqfuhdvhg

vxjjhvwv wkh xvh ri wklv ixqfwlrqdo vshfl�fdwlrq1
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4;Wkh rog0ghshqghqf| udwlr lv gh�qhg dv wkh udwlr wkdw uhodwhv wkh qxpehu ri shrsoh djhg
98 dqg pruh wr wkrvh zkr duh fxuuhqwo| zrunlqj1

4<Iru wkdw sxusrvh/ zh exlow dq lwhudwlyh surfhgxuh rq wkh edvlv ri wkh htxdwlrqv fkdudf0

whul}lqj wkh vwdeoh srsxodwlrq vwuxfwxuh suhvhqwhg lq sdjh : +vhfwlrq 515,1 Zh lwhudwhg xqwlo
frqyhujhqfh zdv dfklhyhg/ dqg wkh uhvxowlqj ghshqghqf| udwlr pdwfkhg wkh uhsruwhg rqh1

53Vhh Iljxuh D4 lq Dsshqgl{ LL iru d sorw ri wkh vlpsoh suredelolwlhv ri vxuylydo iru wkh
lqlwldo dqg �qdo vwhdg| vwdwh srsxodwlrq vwuxfwxuh/ frpprq wr doo ghprjudsklf vfhqdulrv/
dqg surylghg e| wkh LHJ1
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54Vhh Ulrv0Uxoo +4<<7,/ zkhuh wkh dxwkru suhvhqwv d yhuvlrq ri d odujh ryhuodsslqj jhqhud0
wlrqv prgho zlwk d surfhgxuh wr jhqhudwh lqlwldo frqglwlrqv iru wkh glvwulexwlrq ri zhdowk e|
djh jurxsv1 Lq rughu wr gr vr/ kh prghov ghprjudsklf g|qdplfv zlwk wkh dlg ri xqlyduldwh
vwrfkdvwlf surfhvvhv1 Wkh prgho lv vlpxodwhg xqwlo wkh djh glvwulexwlrq ri wkh srsxodwlrq
uhvhpeohv wkh rqh ri wkh fxuuhqw hfrqrp| +vhh dovr irrwqrwh ; lq Fkdswhu 4,1

55Iru wkdw sxusrvh/ Dxhuedfk dqg Nrwolnr� +4<;:, ghyhorshg d Jdxvv0Vhlgho dojrulwkp
zklfk vwduwv zlwk jxhvvhv derxw rqh ri wkh hqgrjhqrxv yduldeohv ri wkh prgho1 Wklv pdnhv
wkh v|vwhp hdvlhu wr vroyh iru wkh hqgrjhqrxv yduldeohv/ lqfoxglqj wkh rqh iru zklfk wkh
jxhvv zdv pdgh1 Zkhq wkh vroxwlrq iru wklv lqlwldoo| jxhvvhg hqgrjhqrxv yduldeoh htxdov wkh
jxhvv lwvhoi/ d wuxh vroxwlrq wr wkh v|vwhp lv irxqg1 Rwkhuzlvh d qhz jxhvv zklfk lv rewdlqhg
dv d frpelqdwlrq ri wkh wzr vhwv ri ydoxhv iurp wkh suhylrxv lwhudwlrq pxvw eh wulhg1 Wkh
surfhgxuh lv uhshdwhg xqwlo wkh wuxh vroxwlrq lv irxqg1
Dq dowhuqdwlyh surfhgxuh lv suhvhqwhg e| Lpurkrur
jox/ Lpurkrur
jox dqg Mrlqhv +4<<6/

4<<8,1 Dq djhqw lq wkhlu prgho idfhv d �qlwh0krul}rq/ �qlwh0vwdwh g|qdplf surjudpplqj1
Wkh ydoxh ixqfwlrqv dqg wkh ghflvlrq uxohv iru hdfk djh l fdq eh frpsxwhg zrunlqj edfnzdug
iurp wkh odvw shulrg ri olih/ L1
Vhh Dumrqd +5333d, dqg Dumrqd +5333e, iru d ghwdlohg ghvfulswlrq ri erwk dojrulwkpv dqg

dq dssolfdwlrq ri wkh phwkrgv wr wkh Vsdqlvk hfrqrp|1
56Iru wkdw sxusrvh/ zh xvh wkh dojrulwkp surylghg zlwk PDWODE 8151 Wkh olqh0vhdufk

dojrulwkp lqfoxghg lq wklv surfhgxuh lv d vdihjxdughg pl{hg txdgudwlf dqg fxelf sro|qrpldo
lqwhusrodwlrq dqg h{wudsrodwlrq phwkrg/ uhtxlulqj ihzhu ixqfwlrq exw pruh judglhqw hydox0
dwlrqv wkdq vwdqgdug dojrulwkpv1 Gxh wr wkh idfw wkdw wkh vriwzduh fdq fdofxodwh judglhqwv
uhodwlyho| lqh{shqvlyho|/ lw ehfrphv yhu| h!flhqw1
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