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Devwudfw

Zh ghprqvwudwh wkdw sdqho xqlw urrw whvwv fdq kdyh kljk srzhu
zkhq d vpdoo iudfwlrq ri wkh vhulhv duh vwdwlrqdu| dqg pd| odfn srzhu
zkhq d odujh iudfwlrq lv vwdwlrqdu|1 Wkh dffhswdqfh ru uhmhfwlrq ri wkh
qxoo lv wkxv qrw vx!flhqw hylghqfh wr frqfoxgh wkdw doo vhulhv kdyh d
xqlw urrw ru wkdw doo duh vwdwlrqdu|1
Nh|zrugv= G|qdplf sdqhov> Prqwh Fduor> Khwhurjhqhlw|1
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4 Lqwurgxfwlrq
Wkh xqlyduldwh Glfnh|0Ixoohu +GI, dqg Dxjphqwhg Glfnh|0Ixoohu +DGI, whvwv
iru vwdwlrqdulw| kdyh ehhq h{whqghg wr sdqho whvwv iru vwdwlrqdulw| xqghu prg0
hov zlwk ydulrxv ghjuhhv ri khwhurjhqhlw| e|/ h1j1/ Ohylq dqg Olq +4<<5, dqg
Lp/ Shvdudq dqg Vklq +4<<:,1 Rqh pdlq prwlydwlrq iru wkh ghyhorsphqw dqg
dssolfdwlrq ri sdqho xqlw urrw whvwv lv wkdw wkh srzhu ri wkh whvwv lqfuhdvh zlwk
dq lqfuhdvh lq wkh qxpehu ri sdqho vhulhv dv frpsduhg zlwk wkh zhoo0nqrzq
orz srzhu ri wkh vwdqgdug GI dqg DGI xqlw urrw whvwv djdlqvw qhdu xqlw
urrw dowhuqdwlyhv iru vpdoo vdpsohv1 Wkh sursrvhg sdqho whvwv kdyh irxqg xvh
lq ydulrxv vwxglhv/ pdlqo| irfxvlqj rq whvwv ri wkh h{lvwhqfh ri sxufkdvlqj
srzhu sdulw|1 Vhh/ h1j1/ PdfGrqdog +4<<9,/ Rk +4<<9,/ Zx +4<<9,/ Frdnoh|
dqg Ixhuwhv +4<<:, dqg Sdshoo +4<<:,1 Rwkhu vwxglhv lqfoxgh Fxoyhu dqg Sd0
shoo +4<<:, zkr dsso| sdqho xqlw urrw whvwv wr wkh lq dwlrq udwh/ Vrqj dqg
Zx +4<<;, lqyhvwljdwh k|vwhuhvlv lq xqhpsor|phqw dqg PfFrvnh| dqg Vhoghq
+4<<;, whvw iru xqlwv urrwv lq khdowk fduh h{shqglwxuh dqg JGS1

Wkh sdqho whvwv gl�hu lq wkh ghjuhh ri khwhurjhqhlw| ehwzhhq lqglylgxdov
wkdw lv doorzhg iru xqghu wkh ydulrxv dssurdfkhv1 Wkh prgho frqvlghuhg e|
Txdk +4<<7, lv wkh prvw uhvwulfwlyh dqg lw lv dvvxphg wkdw doo lqglylgxdov
lq wkh sdqho kdyh d frpprq DU sdudphwhu dqg d frpprq lqwhufhsw1 Wkh
prgho e| Ohylq dqg Olq +4<<5/ OO, doorzv iru lqglylgxdo vshfl�f lqwhufhswv/
exw uhwdlq wkh dvvxpswlrq ri wkh frpprq DU sdudphwhu1 Wkh whvwv sursrvhg
e| Txdk dqg OO duh edvhg rq srrohg hvwlpdwhv xvlqj ohdvw vtxduhv dqg wkxv
lpsolflwo| dovr dvvxphv d frpprq uhvlgxdo yduldqfh iru wkh lqglylgxdov1

Wkh sdqho prgho e| Lp/ Shvdudq dqg Vklq +4<<:/ LSV, doorzv frpsohwh
khwhurjhqhlw| ehwzhhq lqglylgxdov1 Lq wkh LSV vhwxs DGI htxdwlrq lv hvwl0
pdwhg vhsdudwho| iru hdfk lqglylgxdo dqg wkxv doorzv iru gl�hulqj sdudphwhu
ydoxhv/ uhvlgxdo yduldqfh dqg hyhq gl�huhqw odj ohqjwkv1 Wkh whvw vwdwlvwlfv
duh wkhq wkh dyhudjh dfurvv lqglylgxdov ri wkh OP xqlw urrw whvw +OP0edu,
dqg wkh xvxdo Glfnh|0Ixoohu � vwdwlvwlf +w0edu,1 LSV dovr dgyrfdwhv vwxghqwl}0
lqj wkh vwdwlvwlfv wr rewdlq vwdwlvwlfv +K

u�

dqg K
|

, wkdw duh dv|pswrwlfdoo|
glvwulexwhg dv � Efc ��1

Rqh sulpdu| prwlydwlrq iru wkh xvh ri wkh sdqho yhuvlrqv ri wkh xqlw urrw
whvwv lv wkdw wkh dgglwlrqdo furvv0vhfwlrqdo glphqvlrq lq wkh sdqho ohdg wr
ehwwhu srzhu surshuwlhv ri wkh sdqho whvwv dv frpsduhg zlwk wkh orz srzhu ri
wkh vwdqgdug lqglylgxdo0vshfl�f DGI whvw djdlqvw qhdu xqlw urrw dowhuqdwlyhv
iru vpdoo vdpsohv1

Wkh qxoo k|srwkhvlv lq doo sdqho xqlw urrw whvwv lv wkdw hdfk vhulhv lq wkh
sdqho frqwdlqv d xqlw urrw/ dqg wkxv lv gl�huhqfh vwdwlrqdu|1 Wkh dowhuqdwlyh
k|srwkhvlv lv vrphzkdw pruh dpeljxrxvo| vshfl�hg1 Lq wkh hduolhu sdshuv
+Txdk dqg OO, wkh dowhuqdwlyh lv wkdw doo lqglylgxdo vhulhv lq wkh sdqho duh
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vwdwlrqdu|1 Lq LSV/ wkh dowhuqdwlyh lv wkdw dw ohdvw rqh ri wkh lqglylgxdo
vhulhv lq wkh sdqho lv vwdwlrqdu|1 LSV vkrz wkdw wkh sursrvhg OP0edu whvw lv
frqvlvwhqw li wkh olplwlqj iudfwlrq ri vwdwlrqdu| vhulhv lv qrq0}hur dv � �$41
Wkh| gr/ krzhyhu/ qrw lqyhvwljdwh wkh vpdoo vdpsoh srzhu ri wkh whvwv zkhq
rqo| d iudfwlrq ri wkh vhulhv duh vwdwlrqdu|1 Lw lv dovr uhdvrqdeoh wr h{shfw
wkh OO whvwv wr kdyh vrph srzhu djdlqvw dowhuqdwlyhv zkhuh d iudfwlrq ri wkh
vhulhv duh vwdwlrqdu|1

Wkh suhvhqfh ru devhqfh ri srzhu djdlqvw dowhuqdwlyhv zkhuh d vxevhw ri
wkh vhulhv duh vwdwlrqdu| kdv vhulrxv lpsolfdwlrqv iru hpslulfdo zrun1 Li wkh
whvwv kdyh kljk srzhu/ d uhmhfwlrq ri wkh xqlw urrw qxoo fdq eh gulyhq e| d
ihz vwdwlrqdu| vhulhv dqg wkh zkroh sdqho pd| huurqhrxvo| eh prghoohg dv
vwdwlrqdu|1 Li/ rq wkh rwkhu kdqg/ wkh whvwv kdyh orz srzhu lw pd| huurqhrxvo|
eh frqfoxghg wkdw wkh sdqho frqwdlq d frpprq xqlw urrw hyhq li d pdmrulw|
ri wkh vhulhv duh vwdwlrqdu|1

Wr vkhg vrph oljkw rq wkhvh lvvxhv zh lqyhvwljdwh wkh vpdoo0vdpsoh srzhu
surshuwlhv ri wkh OO dqg LSV sdqho xqlw urrw OP0edu dqg w0edu whvwv e|Prqwh
Fduor vlpxodwlrqv1 Vshfl�fdoo|/ wkh srzhu ri wkh whvwv duh lqyhvwljdwhg xqghu
gdwd jhqhudwlqj surfhvvhv zkhuh wkh iudfwlrq ri vwdwlrqdu| vhulhv lq wkh sdqho
duh ydulhg lq wkh f� �ffI lqwhuydo +fI jlyhv wkh vl}h ri wkh whvwv zkhuhdv d
iudfwlrq vwulfwo| juhdwhu wkdq fI jlyhv wkh srzhu ri wkh whvw,1

Wkh sdshu xqirogv dv iroorzv= Vhfwlrq 5 jlyhv d eulhi suhvhqwdwlrq ri wkh
g|qdplf sdqho gdwd prghov dqg wkh sdqho xqlw urrw whvwv frqvlghuhg lq wkh
sdshu1 Vhfwlrq 6 suhvhqwv wkh ghvljq dqg wkh uhvxowv ri wkh frqgxfwhg Prqwh
Fduor vlpxodwlrqv vwxg|1

5 Wkh sdqho whvwv

514 Wkh Ohylq dqg Olq whvwv

Wkh OO prgho lv jlyhq e|
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Fruuhvsrqglqj wr wkh pdlqwdlqhg k|srwkhvlv ri frpprq g|qdplfv wkh qxoo
k|srwkhvlv dqg dowhuqdwlyh k|srwkhvlv duh jlyhq e|
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Wkh �{hg0h�hfw prgho +4, lv hdvlo| hvwlpdwhg xvlqj wkh zlwklq hvwlpdwru ru
wkh OVGY hvwlpdwru dqg wkh OO whvw vwdwlvwlf lv edvhg rq wkh xvxdo w0vwdwlvwlf

|
q

'
eqej
e

q

� +5,
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dqg uu
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frlqflgh dv|pswrwlfdoo|/ exw lq �qlwh vdpsohv wkh| zloo gl�hu1

515 Wkh Lp/ Shvdudq dqg Vklq prgho

Wkh khwhurjhqhrxv sdqho gdwd prgho ri LSV lv jlyhq e|
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Wkh pdlqwdlqhg k|srwkhvlv ri frpprq g|qdplfv lv uhod{hg dqg wkh uhohydqw
k|srwkhvhv duh
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Gxh wr wkh khwhurjhqhlw| hdfk htxdwlrq lv hvwlpdwhg vhsdudwho| e| ROV
dqg wkh whvw vwdwlvwlfv duh rewdlqhg dv +vwxghqwl}hg, dyhudjhv ri wkh whvw vwdwlv0
wlfv iru hdfk htxdwlrq1

51514 Wkh w0edu vwdwlvwlf

Wkh LSV w0edu vwdwlvwlf iru lv vlpso| gh�qhg dv wkh dyhudjh ri wkh lqglylgxdo
Glfnh|0Ixoohu � vwdwlvwlfv dv
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Dvvxplqj wkdw wkh furvv0vhfwlrqv duh lqghshqghqw/ LSV sursrvh wr xvh wkh
iroorzlqj vwdqgdugl}hg w0edu vwdwlvwlf
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Wkh phdqv . E�
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Prqwh Fduor vlpxodwlrqv1 LSV frqmhfwxuh wkdw wkh vwdqgdugl}hg w0edu vwdwlvwlf
K
|

frqyhujh zhdno| wr d vwdqgdug qrupdo glvwulexwlrq dv � dqg A $ 41
Khqfh wkh sdqho gdwd xqlw urrw lqihuhqfh fdq eh frqgxfwhg e| frpsdulqj
wkh rewdlqhg K

|

vwdwlvwlf wr fulwlfdo ydoxhv iurp wkh orzhu wdlo ri wkh � Efc ��
glvwulexwlrq1

51515 Wkh OP0edu vwdwlvwlf

Wkh lqglylgxdo xqlw urrw OP0vwdwlvwlf u�
�

iru whvwlqj wkh k|srwkhvlv wkdw
q
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Wkh LSV OP0edu sdqho xqlw urrw vwdwlvwlf lv gh�qhg dv wkh dyhudjh ri wkh
lqglylgxdo OP vwdwlvwlfv dv
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Dvvxplqj wkdw wkh furvv0vhfwlrqv duh lqghshqghqw/ LSV sursrvh wr xvh wkh
iroorzlqj vwdqgdugl}hg OP0edu vwdwlvwlf
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u�

frqyhujh zhdno| wr d vwdqgdug qrupdo glvwulexwlrq dv � dqg A $41 Khqfh
wkh sdqho gdwd xqlw urrw lqihuhqfh fdq eh frqgxfwhg e| frpsdulqj wkh re0
wdlqhg K

u�

vwdwlvwlf wr fulwlfdo ydoxhv iurp wkh xsshu wdlo ri wkh � Efc ��
glvwulexwlrq1
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Iru frpsxwdwlrqdo uhdvrqv wkh �
�

dqg u�
�

vwdwlvwlfv duh frpsxwhg xvlqj
sduwlwlrqhg uhjuhvvlrq1 Ohw e�

�

eh wkh uhvlgxdov iurp d uhjuhvvlrq ri {)
�

rq
"

�

dqg ei
�

wkh uhvlgxdov iurp d uhjuhvvlrq ri )
�c3�

rq "
�

1 Wkh u�
�

vwdwlvwlf
lv wkhq rewdlqhg dv u�

�

' A-2

�

/ zkhuh -2

�

lv wkh -2 iurp d uhjuhvvlrq ri e�
�

rq ei
�

/ dqg �
�

lv rewdlqhg dv wkh |0vwdwlvwlf iru wkh frh!flhqw rq ei
�

1

6 Wkh Vlpxodwlrq Vwxg|
Wkh xqghuo|lqj gdwd jhqhudwlqj surfhvv lq wkh vlpxodwlrqv lv jlyhq e|=4

+
�|

' >
�

E�� 4
�

� n 4
�

+
�c|3�

n 0
�|

c | ' �Dfc�ebc ���c Ac � ' �c ���c �c +<,

zlwk >
�

� � Efc ��/ 0
�|

� � Efc j2
�

� zkhuh j2
�

� L df�Dc ��Do1 D vxevhw ri wkh
htxdwlrqv duh vwdwlrqdu| dqg wkh uhpdlqghu kdyh xqlw urrwv1 Pruh vshfl�fdoo|/
4
�

' 4r 	 �c � ' �c � � � c �
r

' B� dqg 4
�

' �c � ' �
r

n �c � � � c �� >
�

dqg
j2
�

duh jhqhudwhg rqfh dqg wkhq �{hg lq doo uhsolfdwlrq iru d jlyhq sursruwlrq
B1 Wkh 83 lqlwldo revhuydwlrqv duh glvfdughg wr uhpryh ghshqghqfh rq lqlwldo
revhuydwlrqv1 Wkh K

u�

dqg K
|

vwdwlvwlfv duh edvhg rq wkh vlpsoh Glfnh|0Ixoohu
uhjuhvvlrqv

{+
�|

' @
�

n K
�

+
�c|3�

n e
�|

c | ' �c ���c A ( � ' �c ���c �� +43,

Zh frqvlghu doo frpelqdwlrqv ri � 5 iDc �fc 2Dc Dfc �ffc 2ffj c A 5
iDc �fc 2Dc Dfc �ffc 2ffj c dqg 4r 5 if�bc f�.c f�Dj iru wkh sursruwlrq ri
vwdwlrqdu| vhulhv B 5 if�fc f��c ���c ��fj1 Iru hdfk frpelqdwlrq ri�c Ac B dqg
4r wkh qxpehu ri uhsolfdwlrq duh vhw wr �ffff15 Wkh prphqwv qhhghg iru wkh
fdofxodwlrqv ri wkh vwdqgdugl}hg w0edu dqg OP0edu whvwv/ l1h1/ . E�

�

mq
�

' f�/
T @o E�

�

mq
�

' f�/ . Eu�
�

mq
�

' f� dqg T @o Eu�
�

mq
�

' f�/ duh rewdlqhg xvlqj
vwrfkdvwlf vlpxodwlrqv edvhg rq 2Dffff uhsolfdwhv1

614 Uhvxowv

Iru wkh vdnh ri euhylw|/ zh rqo| suhvhqw uhvxowv iru 4r ' f�b dqg d vxevhw
ri vdpsoh vl}hv16 Dv vhhq iurp wkh uhvxowv lq Iljxuh 4 dqg 5 wkh srzhu
ri wkh sdqho whvwv iru sdqhov zlwk vpdoo wlph0vhulhv glphqvlrq +A ' �f, lv
idluo| orz/ hyhq dv wkh qxpehu ri vhulhv � lq wkh sdqho lqfuhdvhv1 Iru sdqhov

4Wklv lv/ zlwk wkh h{fhswlrq wkdw zh doorz �l wr wdnh gl�huhqw ydoxhv/ wkh vdph h{shul0
phqwdo ghvljq xvhg iru wkh qr vhuldo fruuhodwlrq fdvh lq Lp/ Shvdudq dqg Vklq +4<<:,/ Wdeoh
81

5Edvhg rq wklv qxpehu ri uhsolfdwhv <8( frq�ghqfh lqwhuydov ri wkh vlpxodwhg vl}h dqg
srzhu ri wkh whvwv kdyh d pd{lpxp ohqjwk ri 	4=<9s3=85@43333 @ 	3=33<;1

6Wkh frpsohwh vhw ri uhvxowv fdq eh rewdlqhg iurp wkh dxwkruv xsrq uhtxhvw1
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Iljxuh 4= Srzhu ri K
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��6WDWLRQDU\�6HULHV

t-bar LM-bar LL1 LL2

zlwk doo vhulhv vwdwlrqdu|/ wkh srzhu lv derxw f��f/ iru � ' �f dqg derxw
f�2f � f�eH iru � ' �ff dqg wkh srzhu lv hyhq orzhu zkhq rqo| d iudfwlrq
ri wkh vhulhv duh vwdwlrqdu|1 Rq wkh rwkhu kdqg/ jlyhq wkh furvv0vhfwlrqdo
glphqvlrq � / wkh srzhu lqfuhdvh gudpdwlfdoo| iru doo whvwv dv wkh wlph0vhulhv
glphqvlrq lqfuhdvhv1 Iru lqvwdqfh/ iru � ' �f/ wkh srzhu lqfuhdvhv iurp
derxw f��f� f��H wr xqlw| dv A lqfuhdvh iurp �f wr �ff1 Wkh srzhu lqfuhdvh
uhvxowlqj iurp lqfuhdvhg wlph0vhulhv glphqvlrq lv hyhq pruh surqrxqfhg iru
odujhu � dqg douhdg| iru d idluo| vpdoo sursruwlrq ri vwdwlrqdu| vhulhv lq wkh
sdqho wkh srzhu dssurdfkhv xqlw| dv A lqfuhdvhv1

Iru frpprqo| hqfrxqwhuhg sdqho vl}hv lq hpslulfdo dssolfdwlrqv/ vxfk dv
sdqhov ri RHFG frxqwulhv +� ' 2D/ A ' Df,/ wkh srzhu ri wkh whvwv duh idluo|

:
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t-bar LM-bar LL1 LL2

kljk1 Vshfl�fdoo|/ wkh srzhu lv derxw f�ef zlwk �f vwdwlrqdu| vhulhv lq wkh
sdqho dqg derxw f�bf zlwk 2f vwdwlrqdu| vhulhv17

Iurp wkh uhvxowv lw dsshduv wkdw wkh LSV0whvwv rxwshuirup wkh uu0whvwv
iru odujh0A sdqhov +zlwk A � �ff,1 Lw dovr dsshduv wkdw wkh odujhu wkh furvv0
vhfwlrq/ wkh odujhu lv wkh srzhu dgydqwdjh ri wkh LSV0whvwv1 Iru vpdoo0A
sdqhov/ wkh uu0whvwv h{klelw vl}h0glvwruwlrqv1 Iru A ' �f/ � ' �f/ wkh uu�0
whvw lv ryhu0vl}hg dqg uu2 lv xqghu0vl}hg iru A ' �f dqg � � 2D1 Zlwk
A ' �f dqg � � 2D/ uu� kdv fruuhfw vl}h dqg lv wkh prvw srzhuixo whvw1

Wdnhq wrjhwkhu/ rxu pdlq �qglqjv duh wkdw wkh srzhu lqfuhdvhv prqrwrql0
fdoo| zlwk= +4, dq lqfuhdvhg qxpehu � ri vhulhv lq wkh sdqho> +5, dq lqfuhdvhg

7Wkh uhvxowv iru �v @ 3=: vkrz d srzhu ri qhdu xqlw| iru wklv udqjh ri vwdwlrqdu| vhulhv1

;



wlph0vhulhv glphqvlrq A lq hdfk lqglylgxdo vhulhv> dqg +6, dq lqfuhdvhg sur0
sruwlrq B ri vwdwlrqdu| vhulhv lq wkh sdqho1 Ixuwkhupruh/ dv h{shfwhg/ wkh
uhvxowv lqglfdwh wkdw/ iru d jlyhq sursruwlrq B ri vwdwlrqdu| vhulhv lq wkh
sdqho/ wkh srzhu lqfuhdvh gxh wr dq lqfuhdvh lq wkh wlph0vhulhv glphqvlrq
lv odujhu wkdq wkh fruuhvsrqglqj lqfuhdvh lq � 1 Wkh qrw glvsod|hg uhvxowv
iru DU sdudphwhuv 4r vpdoohu wkdq f�b iru wkh vwdwlrqdu| vhulhv vkrz wkdw d
odujhu ghyldwlrq iurp d xqlw urrw iru wkh vwdwlrqdu| vhulhv lqfuhdvh wkh srzhu
ri wkh whvw1

Wr frqfoxgh/ wkh uhvxowv lpso| wkh iroorzlqj wzr pdmru lpsolfdwlrqv iru
dssolhg zrun= Iru odujh0A sdqhov/ wkhuh lv srwhqwldo ulvn wkdw wkh zkroh sdqho
pd| huurqhrxvo| eh prghoohg dv vwdwlrqdu|1 Wklv lv gxh wr wkh kljk srzhu
ri wkh sdqho whvwv iru vpdoo sursruwlrqv ri vwdwlrqdu| vhulhv lq wkh sdqho1 Iru
vpdoo0A sdqhov/ rq wkh rwkhu kdqg/ wkhuh lv d srwhqwldo ulvn wkdw wkh zkroh
sdqho pd| eh huurqhrxvo| prghoohg dv qrq0vwdwlrqdu|/ gxh wr wkh uhodwlyho|
orz srzhu ri wkh whvwv hyhq iru odujh sursruwlrqv ri vwdwlrqdu| vhulhv lq wkh
sdqho1 Lq rwkhu zrugv/ uhvhdufkhuv vkrxog eh fdxwlrxv dqg qrw lpsrvh vwd0
wlrqdu| ru qrq0vwdwlrqdu| krprjhqhlw| surshuwlhv ri wkh sdqho furvv0vhfwlrqv
vroho| edvhg rq sdqho xqlw urrw whvw uhvxowv1 Lqvwhdg/ d fduhixo mrlqw dqdo|vlv
ri erwk wkh lqglylgxdo dqg wkh sdqho xqlw urrw whvw uhvxowv duh fdoohg iru wr
ixoo| dvvhvv wkh vwdwlrqdulw| surshuwlhv ri wkh sdqho gdwd1

Dfnqrzohgjphqwv
Ilqdqfldo vxssruw wr Vxqh Nduovvrq iurp wkh Vzhglvk Uhvhdufk Frxqflo iru
Kxpdqlwlhv dqg Vrfldo Vflhqfhv +KVIU, dqg wr Plfndho Oùwkjuhq iurp wkh
Mdq Zdoodqghuv dqg Wrp Khgholxv* Irxqgdwlrq iru Uhvhdufk lq wkh Vrfldo
Vflhqfhv lv judwhixoo| dfnqrzohgjhg1

Uhihuhqfhv
Frdnoh|/ M1 dqg Ixhuwhv D1P1 4<<:1 Qhz sdqho xqlw urrw whvwv ri SSS/

Hfrqrplfv Ohwwhuv 8:/4: � 551

Fxoyhu/ V1H1 dqg Sdshoo G1K1 4<<:1 Lv wkhuh d xqlw urrw lq wkh lq dwlrq
udwhB Hylghqfh iurp vhtxhqwldo euhdn dqg sdqho gdwd prghov/ Mrxuqdo
ri Dssolhg Hfrqrphwulfv 45/ 768 � 7771

Lp/ N1V1/ Shvdudq/ P1K1 dqg Vklq \1 4<<:/ Whvwlqj iru xqlw urrwv lq khwhur0
jhqhrxv sdqhov/ Plphr/ Ghsduwphqw ri Dssolhg Hfrqrplfv/ Xqlyhuvlw|
ri Fdpeulgjh1

<



Ohylq/ D1 dqg Olq F1I1 4<<51 Xqlw urrw whvwv lq sdqho gdwd= Dv|pswrwlf dqg
�qlwh0vdpsoh surshuwlhv/ Plphr/ Xqlyhuvlw| ri Fdoliruqld/ Vdq Glhjr1

PdfGrqdog/ U1 4<<91 Sdqho xqlw urrw whvwv dqg uhdo h{fkdqjh udwhv/ Hfr0
qrplfv Ohwwhuv 83/ : � 441

PfFrvnh|/ V1 dqg Vhoghq V1 4<<;1 Khdowk fduh h{shqglwxuhv dqg JGS= Sdqho
gdwd xqlw urrw whvw uhvxowv/ Mrxuqdo ri Khdowk Hfrqrplfv 4:/ 69<06:91

Rk/ N10\1 4<<91 Sxufkdvlqj srzhu sdulw| dqg xqlw urrw whvwv xvlqj sdqho
gdwd/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh 48/ 738�74;1

Sdshoo/ G1K1 4<<:1 Vhdufklqj iru vwdwlrqdulw|= Sxufkdvlqj srzhu sdulw|
xqghu wkh fxuuhqw  rdw/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 76/ 646 �
6651

Txdk/ G1 4<<71 H{sorlwlqj furvv0vhfwlrq yduldwlrq iru xqlw urrw lqihuhqfh lq
g|qdplf gdwd/ Hfrqrplfv Ohwwhuv 77/ <�4<1

Vrqj/ I1P1 dqg Zx \1 4<<;1 K|vwhuhvlv lq xqhpsor|phqw= Hylghqfh iurp
RHFG frxqwulhv/ Wkh Txduwhuo| Uhylhz ri Hfrqrplfv dqg Ilqdqfh 6;/
4;4�4<51

Zx/ \1 4<<91 Duh uhdo h{fkdqjh udwhv qrqvwdwlrqdu|B Hylghqfh iurp d
sdqho0gdwd whvw/ Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj 5;/ 87�961
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