
Zdjh/ sulfh/ dqg xqhpsor|phqw
g|qdplfv dqg wkh frqyhujhqfh wr
sxufkdvlqj srzhu sdulw| lq wkh
Hxur duhd

Ndwdulqd Mxvholxv
Xqlyhuvlw| ri Frshqkdjhq/ Lqvwlwxwh ri Hfrqrplfv/
Vwxglhvwudhgh 9/ 4788 Frshqkdjhq N/ Ghqpdun

Devwudfw

Wkh sdshu glvfxvvhv wkh ghwhuplqdwlrq ri zdjhv/ sulfhv/ sur0
gxfwlylw| dqg xqhpsor|phqw lq wkh Hxur0zlgh duhd lq wkh srvw
Euhwwrq zrrgv shulrg1 Wkh hfrqrphwulf uhvxowv surylgh vwurqj
hylghqfh rq d uhjlph vkliw dw wkh vwduw ri wkh HPV dqg wkh hp0
slulfdo dqdo|vlv lv grqh vhsdudwho| iru wkh wzr uhjlphv1 D yduldeoh
phdvxulqj wkh frqyhujhqfh wrzdugv Hxurshdq sxufkdvlqj srzhu
sdulw| lv vkrzq wr eh fuxfldo iru h{sodlqlqj lq dwlrq dqg xqhp0
sor|phqw ehkdylru lq wkh pruh uhfhqw uhjlph1 Lw srlqwv wr wkh
lpsruwdqfh ri ehlqj rq d vxvwdlqdeoh sss ohyho zkhq �{lqj wkh
h{fkdqjh udwhv1

Suholplqdu|$ Frpphqwv zhofrph$

4 Lqwurgxfwlrq4

Wkh srvw Euhwwrq Zrrgv shulrg fdq eh glylghg lqwr wzr glvwlqfwo| gl�hu0
hqw shulrgv uhjduglqj Hxurshdq pdfurhfrqrplf ehkdylru= wkh suh0HPV
shulrg ri wkh vhyhqwlhv xs wr wkh ehjlqqlqj ri wkh hljkwlhv fkdudfwhul}hg
e| kljk lq dwlrq udwhv/ uhodwlyho| kljk xqhpsor|phqw udwhv/ iuhtxhqw gh0
ydoxdwlrqv/ yrodwloh uhdo jurzwk udwhv/ fdslwdo uhjxodwlrqv/ kljk qrplqdo
lqwhuhvw udwhv/ exw orz ru hyhq qhjdwlyh uhdo lqwhuhvw udwhv> wkh vwurqj
HPV shulrg ri wkh hljkwlhv xqwlo wkh ehjlqqlqj ri wkh suhvhqw prqh0
wdu| xqlrq fkdudfwhul}hg e| orz lq dwlrq udwhv/ doprvw �{hg h{fkdqjh

4Ilqdqfldo vxssruw iurp wkh Hxurshdq Fhqwudo Edqn dqg wkh Gdqlvk Vrfldo Vfl0
hqfhv Uhvhdufk Frxqflo lv judwhixoo| dfnqrzohgjhg1 Wkh sdshu zdv suhsduhg zkloh
wkh dxwkru zdv ylvlwlqj wkh HFE lq Iudqnixuw1 Lw kdv ehqh�wwhg iurp xvhixo frpphqwv
iurp Jdeulho Idjdq/ Urpdq Iu|gpdq/ Plfkdho Jrogehuj/ Mhurph Khqu|/ Vruhq Mr0
kdqvhq/ dqg Slhwhu Rpw}ljw1 Wkh ylhzv lq wklv wklv sdshu duh vroho| wkh uhvsrqvlelolw|
ri wkh dxwkru dqg vkrxog qrw eh lqwhusuhwhg dv uh hfwlqj wkh ylhzv ri wkh Hxurshdq
Fhqwudo Edqn ru ri dq| rwkhu shuvrq dvvrfldwhg zlwk wkh HFE1
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udwhv/ fdslwdo ghuhjxodwlrq/ prghvw jurzwk udwhv/ yhu| kljk xqhpsor|0
phqw udwhv/ ghfuhdvlqj qrplqdo lqwhuhvw udwhv/ exw uhodwlyho| kljk uhdo
lqwhuhvw udwhv1

Wkhuh vhhp wr eh d jhqhudo frqvhqvxv wkdw lqvwlwxwlrqdo idfwruv/ olnh
kljk plqlpxp zdjhv/ vwurqj oderu xqlrqv/ jhqhurxv vrfldo vhfxulw| v|v0
whpv/ kdyh sod|hg d pdmru uroh iru wkh kljk dqg shuvlvwhqw xqhpsor|phqw
lq wklv shulrg1 Iru h{dpsoh/ Rolylhu Eodqfkdug kdv sxeolvkhg h{whqvlyho|
rq ydulrxv dvshfwv rq Hxurshdq xqhpsor|phqw lq wkh odvw ghfdghv1 Vhh
iru h{dpsoh Eodqfkdug +4<<;,/ Eodqfkdug +5333d/ 5333e/ 5333f, dqg uhi0
huhqfhv wkhuhlq1 Wkh dssurdfk ri wkh deryh phqwlrqhg sdshuv lv yhu|
gl�huhqw iurp wkh hpslulfdo YDU dssurdfk wdnhq khuh1 Lq Eodqfkdug
+5333d, d wkhruhwlfdo prgho frqvlvwlqj ri d vwdqgdug surgxfwlrq ixqf0
wlrq zlwk oderu dxjphqwhg whfkqrorjlfdo surjuhvv/ d qhrfodvvlfdo oderu
ghpdqg ixqfwlrq dqg d zdjh vhwwlqj uhodwlrq lv xvhg dv d iudphzrun
iru grlqj vlpxodwlrqv zlwk fdoleudwhg sdudphwhuv1 Wkh lghd lv wr lqihu
iurp wkh vlpxodwlrqv zkhwkhu +qhjdwlyh, vkrfnv wr whfkqrorjlfdo surjuhvv
dqg uhdo lqwhuhvw udwhv fdq jhqhudwh kljk dqg shuvlvwhqw xqhpsor|phqw
udwhv xqghu ydulrxv dvvxpswlrqv ri wkh prgho sdudphwhuv1 Lq Eodqfkdug
+5333e, wkh h�hfw ri fkdqjhv lq wkh ghuhjxodwlrq ri surgxfw dqg oderu
pdunhwv rq wkh htxloleulxp udwh ri xqhpsor|phqw lv vlploduo| lqyhvwl0
jdwhg edvhg rq vlpxodwlrqv dqg fdoleudwlrq1 Eodqfkdug +5333f, wkhq
vwxglhv wkh h�hfw ri orqj0whup xqhpsor|phqw rq vhdufk ehkdylru lq wkh
oderu pdunhw dqg lwv h�hfw rq wkh klulqj2�ulqj ixqfwlrq dqg wkh yd0
fdqf|2xqhpsor|phqw fxuyh1 Wkh wkhruhwlfdo prghov vhhp wr eh deoh wr
h{sodlq vrph exw qrw doo dvshfwv ri wkh kljk Hxurshq xqhpsor|phqw1 Lq
sduwlfxodu/ wkh ohqjwk ri wkh xqhpsor|phqw gxudwlrq uhpdlqv d sx}}oh1

Iru h{dpsoh/ lq wkh deryh sdshuv wkh Hxurshdq surgxfwlylw| vorz0
grzq lv wdnhq dv h{rjhqrxvo| jlyhq dqg wkh zdjh0sulfh0xqhpsor|phqw
g|qdplfv duh dqdo|}hg iru jlyhq vkrfnv wr whfkqrorjlfdo surjuhvv1 Lq wkh
suhvhqw sdshu oderu surgxfwlylw|/ ehlqj rqh ri wkh yduldeohv lq wkh YDU
v|vwhp/ wxuqv rxw wr sod| d fuxfldo uroh lq wkh zdjh0sulfh0xqhpsor|phqw
gudpd1 Lq wkh wudqvlwlrq shulrg wrzdugv dq lqwhjudwhg Hxursh zlwk odujh
lqwhuqdo sulfh lpedodqfhv/ frpshwlwlyqhvv zdv odujho| dfklhyhg e| sur0
gxflqj vdph rxwsxw zlwk ohvv oderu1 Wkxv/ surgxfwlylw| lpsuryhg dqg
xqhpsor|phqw urvh1

Ixuwkhupruh/ wkh *kdug HPV* sxw d vwrsshu rq wkh suhylrxvo| iuh0
txhqw ghydoxdwlrqv dqg uhdoljqphqwv lq d shulrg zkhq pdq| ri wkh php0
ehu vwdwhv kdg qrw |hw uhdfkhg d vxvwdlqdeoh sxufkdvlqj srzhu sdulw|
ohyho1 Wkh sdshu ghprqvwudwhv wkh lpsruwdqfh ri ehlqj rq wkh sss ohyho
zkhq h{fkdqjh udwhv ehfrph �{hg1 Lw dujxhv wkdw wklv zdv qrw wkh fdvh
dw wkh vwduw ri wkh *kdug HPV* dqg dwwhpswv wr hvwlpdwh wkh h�hfw ri wkh
frqyhujhqfh wrzdugv vxvwdlqdeoh Hxurshdq sss ohyhov rq xqhpsor|phqw

5



dqg lq dwlrq1
Ilqdoo|/ lqvwlwxwlrqdo uljlglwlhv duh olnho| wr kdyh d gl�huhqw lpsdfw

rq xqhpsor|phqw lq gl�huhqw pdfurhfrqrplf uhjlphv1 Wkxv/ lw vhhpv
lpsruwdqw wr lqyhvwljdwh li dqg krz Hxurshdq zdjh0sulfh0dqg xqhpsor|0
phqw g|qdplfv fkdqjhg dv d uhvxow ri wkh lqfuhdvhg Hxurshdq lqwhjud0
wlrq1 Wkh prwlydwlrq iru lqyhvwljdwlqj Hxurshdq zdjh0sulfh0xqhpsor|phqw
g|qdplfv vhsdudwho| iru wkh suh0HPV shulrg dqg wkh +kdug, HPV shulrg
lv wr vkhg vrph oljkw rq wklv lpsruwdqw lvvxh1

Wkh rujdql}dwlrq ri wkh sdshu lv dv iroorzv= Vhfwlrq 5 jlyhv dq dqd0
o|wlf iudphzrun iru glvfxvvlqj dgmxvwphqw wrzdugv vxvwdlqdeoh Hxurshdq
sss ohyhov1 Vhfwlrq 6 glvfxvvhv d vlpsoh hfrqrplf iudphzrun frqvlvwlqj
ri wkuhh vwdwlf vwhdg|0vwdwh uhodwlrqv dqg wkuhh g|qdplf dgmxvwphqw uh0
odwlrqv1 Vhfwlrq 7 lqwurgxfhv wkh hfrqrphwulf prghov/ suhvhqwv wkh gdwd/
jlyhv dq hfrqrphwulf prwlydwlrq iru wkh vdpsoh vsolw/ dqg lqyhvwljdwhv
orqj0uxq sulfh krprjhqhlw|1 Vhfwlrq 8 lqwurgxfhv wkh �qdo prgho edvhg
rq d qrplqdo wr uhdo wudqvirupdwlrq dqg glvfxvvhv wkh fkrlfh ri udqn1
Vhfwlrq 9 suhvhqwv uhvxowv rq zhdn h{rjhqhlw|/ frpprq wuhqgv/ dqg wkh
orqj0uxq lpsdfw ri d vkrfn1 Vhfwlrq : uhsruwv frlqwhjudwlrq surshuwlhv iru
wkh wzr uhjlphv dqg frpsduhv wkh vwuxfwxuhv ri lghqwl�hg vwhdg|0vwdwh
uhodwlrqv1 Vhfwlrq ; uhsruwv wkh hvwlpdwhg zdjh0sulfh0xqhpsor|phqw g|0
qdplfv dqg Vhfwlrq < vxppdul}hv wkh uhvxowv dqg frqfoxghv1

5 Frqyhujhqfh wr vxvwdlqdeoh Hxurshdq sss ohyhov

Lq wkh devhqfh ri wudgh eduulhuv d vxvwdlqdeoh h{whuqdo edodqfh uhtxluhv
qrw rqo| htxdo lq dwlrq udwhv/ exw dovr htxdo sulfh ohyhov/ l1h1 sxufkdvlqj
srzhu sdulw| ehwzhhq wkh frxqwulhv vkrxog eh dssur{lpdwho| vdwlv�hg1
Wkh Vwxwwjduw Vxpplw lq 4<;6 pdgh d elqglqj ghflvlrq wr sxw dq hqg wr
wkh suhylrxvo| iuhtxhqw ghydoxdwlrqv dqg uhdoljqphqwv dprqj wkh php0
ehu vwdwhv dqg/ wkxv/ vljqdoohg d srolwlfdo zlvk wr pryh wrzdugv wkh HPX1

514 Lq dwlrq glyhujhqfh dqg sss frqyhujhqfh
Lqkhuhqw lq wkh lghd ri fuhdwlqj d prqhwdu| xqlrq lv wkh frqyhujhqfh ri
sulfhv lq wkh phpehu vwdwhv wrzdugv d frpprq Hxurshdq sulfh ohyho1
Jhqhudoo| wklv lv xqghuvwrrg dv d frqyhujhqfh ri lq dwlrq udwhv1 Iljxuh
4 looxvwudwhv wkdw vxfk d frqyhujhqfh kdv lqghhg wdnhq sodfh1 Wkh xsshu
sdqho ghprqvwudwhv ylvxdoo| wkh forvh fr0pryhphqwv ri wkh lq dwlrq udwhv
lq Qhwkhuodqg/ Dxvwuld dqg Ehojlxp zlwk wkh Jhupdq lq dwlrq udwh +lq
erog idfh,1 Wkh orzhu sdqho vkrzv wkh fruuhvsrqglqj frqyhujhqfh lq
wkh *ghydoxdwlrq* frxqwulhv/ Lwdo|/ Vsdlq/ dqg Ilqodqg1 Xqwlo 4<<5/ zkhq
wkh ohyho ri Jhupdq lq dwlrq udwh zdv �qdoo| uhdfkhg/ wkhvh frxqwulhv
h{klelwhg kljkhu lq dwlrq udwhv wkdq wkh uhpdlqlqj frxqwulhv lq Iljxuh
41
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Frqyhujhqfh ri lq dwlrq udwhv grhv qrw qhfhvvdulo| lpso| vxvwdlqdeoh
sxufkdvlqj srzhu sdulw| ohyhov1 Li wkh phpehu vwdwhv dw wkh vwduw ri wkh
HPV zhuh rq yhu| gl�huhqw sss ohyhov uhodwlyh wr hdfk rwkhu +dv fohduo|
zdv wkh fdvh iru wkh qruwkhuq dqg fhqwudo Hxurshdq frxqwulhv frpsduhg
wr wkh vrxwkhuq Hxurshdq frxqwulhv, wkhq lq dwlrq udwhv zrxog �uvw kdyh
wr glyhujh wr uhdfk d frpprq vxvwdlqdeoh ohyho1 Wr looxvwudwh wklv srlqw
d vlpsoh prgho iru sulfh dgmxvwphqw lq d wzr frxqwu| zruog lv ghyhorshg
dqg glvfxvvhg ehorz1
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Iljxuh 41 \hduo| lq dwlrq udwhv/ 4<:504<;:/ lq Jhupdq| +erog idfh,/
Qhwkhuodqgv/ Ehojlxp/ Dxvwuld/ Ilqodqg/ Lwdo| dqg Vsdlq1

Wr eh deoh wr glvfxvv frqyhujhqfh wrzdugv Hxurshdq sss ohyhov zh
qhhg d phdvxuh iru zkhq d phpehu vwdwh lv lq d vxvwdlqdeoh vwhdg|0vwdwh1

Gh�qlwlrq 4 Sxufkdvlqj srzhu lv dvvxphg wr eh dw d vxvwdlqdeoh sdulw|
ohyho zkhq RRR

|

' ER�� R2� r�
|

� UEf�c zkhuh R�| lv wkh sulfh ri frxqwu|
4/ R2| ri frxqwu| 5/ r| wkh vsrw h{fkdqjh udwh dqg | ' �c ���c A�1

Qrwh wkdw wklv frqglwlrq lv qrw xqdpeljxrxv lq wkh vhqvh wkdw gl�hu0
hqw vdpsoh shulrgv fdq surgxfh gl�huhqw rughuv ri lqwhjudwlrq +Mxvholxv
dqg PdfGrqdog/ 4<<<,1 Wkxv/ wkh vwdwhphqw RRR

|

� UEf� lv lqwhusuhwhg
dv *uhdo h{fkdqjh udwhv kdyh  xfwxdwhg durxqg d frqvwdqw phdq lq d
vdpsoh | ' �c ���c A� fryhulqj d krprjhqhrxv h{fkdqjh udwh uhjlph*1

Dvvxph qrz wkdw RRR
|

� UE��c l1h1 lw kdv qrw ehhq rq wkh vxvwdlqdeoh
ohyho lq wkh vdpsoh shulrg1 Hfrqrphwulfdoo|/ wklv zrxog eh frqvlvwhqw
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zlwk +R��R2�| � UE��c r
|

� UE��c l1h1 wkh vwrfkdvwlf sdwk ri wkh h{fkdqjh
udwh kdv qrw pluuruhg wkh vwrfkdvwlf sdwk wkh sulfh gl�huhqwldo1 Vwdwhg
gl�huhqwo|/ vrph ri wkh shupdqhqw vkrfnv wr wkh sulfh gl�huhqwldo duh qrw
wkh vdph dv wkh rqhv wr wkh vsrw h{fkdqjh udwh1 Hpslulfdo whvwv kdyh
doprvw h{foxvlyho| irxqg uhdo h{fkdqjh udwhv wr eh qrqvwdwlrqdu| +uhi1,1

D qrqvwdwlrqdu| RRR vxjjhvwv dq lpedodqfh lq wkh jrrgv pdunhw
zklfk/ lq wkh devhqfh ri wudgh eduulhuv/ lv olnho| wr vkrz xs lq wkh wudgh
edodqfh ri wkh wzr frxqwulhv1 Wklv djdlq zloo lq xhqfh wkh dprxqw ri
fdslwdo  rzv qhhghg wr uhvwruh wkh edodqfh ri sd|phqwv dqg/ wkxv/ lv
olnho| wr lq xhqfh wkh lqwhuhvw udwh vsuhdg ehwzhhq wkh wzr frxqwulhv
+Mxvholxv dqg PdfGrqdog/ 4<<<,1

Lq d prqhwdu| xqlrq lqwhuhvw gl�huhqwldov duh olnho| wr glvdsshdu dqg
d qrqvwdwlrqdu| RRR fdqqrw eh pdlqwdlqhg e| frpshqvdwlqj fdslwdo lq0
 rzv1 Wkxv/ wkh frqyhujhqfh wr d frpprq vxvwdlqdeoh sxufkdvlqj srzhu
sdulw| sulfh ohyho kdv hvvhqwldoo| wr eh dfklhyhg e| glyhujlqj lq dwlrq
udwhv1 D vlpsoh prgho ghvfulelqj dq htxloleulxp0huuru0fruuhfwlqj sulfh
dgmxvwphqwv ehwzhhq d kljk dqg d orz lqfrph phpehu vwdwh looxvwudwhv
wkh lghd=

{2R�| ' S��Ei{R
�
� i{R

2
�
|3� n S�2Ei{R

2
� @�jRRR�|3�n 0�|

{2R2| ' S2�Ei{R
�
� i{R

2
�
|3� n S22Ei{R

2
� @�jRRR�|3�n 02|

{RRR
|

' S��Ei{R
�
� i{R

2
�
|3� n S�2Ei{R

2
� @�jRRR�|3�n 0�|

+4,

zkhuh wkh qrwdwlrq h% ghqrwhv % � %c l1h1 d ghyldwlrq iurp wkh vdp0
soh dyhudjh1 Dvvxph �uvw wkdw R� � UE2�c R2 � UE2� frqvlvwhqw zlwk
qrqvwdwlrqdu| lq dwlrq udwhv/ l1h1 {R� � UE��c {R2 � UE��� Li/ dv eh0
iruh/ RRR ' ER� � R2 � r� � UE��c ER� � R2� � UE��c r � UE��c wkhq
E{R� � {R2� � UEf� dqg {r � UEf�� Doo frpsrqhqwv lq +4,/ h{fhsw
wkh RRR whup dqg {R2 lq wkh vhfrqg eudfnhw/ duh vwdwlrqdu|1 Khqfh/
hlwkhu +{R2 � @�RRR� pxvw eh d vwdwlrqdu| frlqwhjudwlrq uhodwlrq ru
ES�2 ' fc S22 ' fc S�2 ' f�� Rwkhuzlvh wkh v|vwhp zloo qrw eh edodqfhg1

Sursrvlwlrq 5 Lq d �{hg h{fkdqjh udwh uhjlph/ d qrplqdo frqyhujhqfh
wrzdugv d frpprq vxvwdlqdeoh sss ohyho kdv wr wdnh sodfh wkurxjk glyhuj0
lqj lq dwlrq udwhv1

Wkh qrqvwdwlrqdulw| ri wkh RRR fdqqrw eh dffrxqwhg iru e| wkh vwd0
wlrqdu| lq dwlrq vsuhdg/ exw qhhgv dq dgglwlrqdo qrq0sursruwlrqdo lq0
fuhdvh +ghfuhdvh, lq rqh ri wkh lq dwlrq udwhv1

Lq wkh lqlwldo vdpsoh/ ��A�/ dvvxph wkdw R� : R2nrc dqg{R
�
: {R

2
c

dqg RRR : f� Wr dfklhyh d vwdwlrqdu| RRR zlwk }hur phdq wkh iroorzlqj
frqglwlrqv vkrxog eh vdwlv�hg=
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{R
�
' Zf � @�RRR @?_ {R

2
' Zf n @�RRRc +5,

zkhuh Zf lv wkh ghvluhg lq dwlrq udwh diwhu frqyhujhqfh1 Khqfh/ dyhu0
djh lq dwlrq udwhv vkrxog eh doorzhg wr glyhujh xqwlo RRR kdv frqyhujhg
wrzdugv lwv vxvwdlqdeoh ohyho1 Qrwh/ krzhyhu/ wkdw wkh vwdwlvwlfdo surshu0
wlhv ri prgho +4, lq wkh qhz uhjlph kdyh fkdqjhg lq wkh iroorzlqj vhqvh
{R� � UEf�c {R2 � UEf� dqg RRR � UEf�1

515 Wkh Hxurshdq h{shulhqfh
Dffruglqj wr wkh deryh iudphzrun/ kljk sss frxqwulhv zrxog kdyh wr
orzhu wkhlu sulfhv1 l1h1 wr h{shulhqfh qhjdwlyh lq dwlrq udwhv/ dqg2ru orz
sss frxqwulhv zrxog kdyh wr lqfuhdvh wkhlu sulfhv wr holplqdwh lpedodqfhv
ehwzhhq lqwud0Hxurshdq sss ohyhov1

Ehfdxvh ri grzqzdug sulfh uljlglwlhv qhjdwlyh lq dwlrq udwhv duh hp0
slulfdoo| uduh1 Lqvwhdg/ �kljk sss� phpehu vwdwhv olnh Jhupdq| dqg
Iudqfh kdyh h{shulhqfhg ghfolqlqj lq dwlrq udwhv dqg vorz sulfh ohyho dg0
mxvwphqw1 Dv zloo eh vxevhtxhqwo| ghprqvwudwhg prvw ri wkh dgmxvwphqw
vhhphg wr wdnh sodfh wkurxjk surgxfwlylw| lpsuryhphqwv/ hvvhqwldoo| e|
surgxflqj wkh vdph rxwsxw zlwk ohvv oderu1 Wkh uhvxowlqj kljk xqhp0
sor|phqw udwh zhdnhqhg oderu xqlrqv dqg sxw d vwrsshu rq ixuwkhu zdjh
lqfuhdvhv/ wkxv ixuwkhu uhgxflqj lq dwlrq udwh1

Wkh xszdug sulfh dgmxvwphqw lq orz sss phpehu vwdwhv/ olnh Lwdo|
dqg Vsdlq/ zdv idvwhu1 Dv d pdwwhu ri idfw/ sulfh lq dwlrq vhhphg wr
kdyh frqwlqxhg zhoo diwhu vxvwdlqdeoh sss ohyhov kdg ehhq dfklhyhg15 Wkh
ghfolqh lq h{sruwv wr wkh kljk sss phpehu vwdwhv +d ghpdqg h�hfw gxh
wr wkh hfrqrplf vorzgrzq lq wkh kljk sss frxqwulhv/ odwhu dovr d sulfh
h�hfw, uhvxowhg lq dq hfrqrplf vorzgrzq dovr lq wkh orz sss frxqwulhv1
Wkh dffxpxodwhg pdfurhfrqrplf lpedodqfhv zhuh vsrwwhg e| �qdqfldo
pdunhwv dqg d vshfxodwlyh dwwdfn rq wkh Lwdoldq oluh dqg wkh Vsdqlvk
shvhwd irufhg wkh fxuuhqflhv wr ghydoxh dqg eurxjkw wkhp edfn wr pruh
vxvwdlqdeoh sss ohyhov1

Iljxuh 4 ghprqvwudwhg wkdw wkh lq dwlrq udwhv lq wkh suhvhqw HPX
phpehu vwdwhv glg frqyhujh wrzdugv d frpprq orz Hxurshdq lq dwlrq
udwh ohyho Zfc dqg wkdw lq dwlrq udwhv lq Vsdlq dqg Lwdo|/ wzr orz sulfh
HX frxqwulhv/ zhuh kljkhu wkdq lq wkh *Gpn* hfrqrplhv1 Wkh txhvwlrq
lv zkhwkhu wkh lq dwlrq udwh glyhujhqfh zdv odujh hqrxjk wr dfklhyh
sss frqyhujhqfh1 Wkh froodsvh ri wkh kdug HPV dqg wkh dvvrfldwhg
odujh ghydoxdwlrqv lq 4<<5 vxjjhvw wkdw doo phpehu vwdwhv zhuh qrw rq d

5Wklv fdq sduwo| eh h{sodlqhg e| oderu xqlrqv vwloo ehlqj vwurqj lq wkhvh frxqwulhv/
zklfk fdq eh uhodwhg wr pruh  h{leoh h{fkdqjh udwh duudqjhphqwv dqg wkh vshhg ri
fdslwdo ghuhjxodwlrq ehlqj vorz1

9



vxvwdlqdeoh sss ohyho dw wkdw wlph dqg wkdw vshfxodwlyh �qdqfldo pdunhwv
kdg vsrwwhg lw1

516 Phdvxulqj wkh Hxurshdq sss frqyhujhqfh
Wklv vxevhfwlrq zloo vxjjhvw dq djjuhjdwh phdvxuh ri lpedodqfhv lq Hx0
urshdq sss ohyhov1 Dv d edfnjurxqg Iljxuhv 5 dqg 6 vkrz d vhohfwlrq ri
Hxurshdq uhdo h�hfwlyh h�hfwlyh h{fkdqjh udwhv6 phdvxuhg dv wkh ghyld0
wlrq iurp d edvh |hdu ydoxh +4<<3=5�433, wdnhq iurp wkh RHFG ohdglqj
lqglfdwru gdwd edvh1

Iljxuh 5 looxvwudwhv wkh ghyhorsphqw ri wkh irxu odujhvw Hxur hfrqrplhv
dqg Iljxuh 6 wkh *Gpn* hfrqrplhv wrjhwkhu zlwk Ilqodqg71 Zkhq glv0
fxvvlqj wkh judskv lw vkrxog eh nhsw lq plqg wkdw lw lv qr hdv| wdvn wr
ghwhuplqh zkhwkhu d frxqwu| lv rq wkh sss ohyho ru qrw1 Wkh judskv
lq Iljxuh 5 dqg 6 duh edvhg rq wkh dvvxpswlrq wkdw wkh phpehu vwdwhv
zhuh dssur{lpdwho| rq wkh sss ohyho lq wkh ehjlqqlqj ri wkh qlqhwlhv1
Wkh vwurqj ghydoxdwlrqv ri wkh Lwdoldq/ Vsdqlvk dqg wkh Ilqqlvk fxu0
uhqf| lq wkh shulrg 4<<404<<6 lqglfdwh wkdw/ dw ohdvw iru wkhvh frxqwulhv/
wklv pd| qrw kdyh ehhq wkh fdvh1

Dw wkh vwduw ri wkh HPV lq 4<:< Iljxuh 5 h{klelwv ghfolqlqj sulfhv
+lpsuryhphqw lq frpshwlwlyhqhvv, iru Jhupdq| dqg Iudqfh/ ehlqj kljk
sulfh frxqwulhv/ dqg lqfuhdvlqj sulfhv +zruvhqlqj ri frpshwlwlyhqhvv, iru
Lwdo| dqg Vsdlq/ ehlqj orz sulfh frxqwulhv1 Jhupdq| vhhphg wr kdyh
uhdfkhg d vwhdg|0vwdwh ohyho dv hduo| dv 4<;6 exw orvw frpshwlwlyhqhvv di0
whu wkh uhxql�fdwlrq lq 4<<41 Iudqfh dfklhyhg khu vwhdg|0vwdwh srvlwlrq
durxqg 4<;9 dqg vhhpv wr kdyh  xfwxdwhg durxqg wklv ydoxh vlqfh1 Iru
Lwdo| dqg Vsdlq wkh ghwhulrudwlrq ri frpshwlwlyhqhvv frqwlqxhg xqwlo ds0
sur{lpdwho| 4<<5 zkhq vshfxodwlyh dwwdfnv irufhg wkhp wr ghydoxh wkhlu
fxuuhqflhv1 Dw wkh hqg ri wkh shulrg wkh uhdo h{fkdqjh lv dssur{lpdwho|
dw wkh 4<;6 ohyho iru Lwdo| dqg dw wkh 4<;: ohyho iru Vsdlq1

6Wkh RHFG uhdo h{fkdqjh udwhv duh ryhudoo lqglfdwruv ri lqwhuqdwlrqdo wudgh dqg
frpshwlwlyhqhvv +Gxudqg/ hw1do1/ 4<<5, dqg surylgh dq dyhudjh phdvxuh ri d frxqwu|*v
frpshwlwlyh srvlwlrq rq wkh krph pdunhw dv zhoo dv rq wkh h{sruw pdunhwv xvlqj wkh
lpsolflw sulfh gh dwru dv d sur{| iru surgxfhu sulfhv1

7Ilqodqg lv d uhfhqw phpehu vwdwh zklfk ehiruh mrlqlqj/ zdv irufhg wr ghydoxh
lwv fxuuhqf| dv pxfk dv 63(1 Ehfdxvh ri khu wudgh zlwk wkh iruphu Vrymhw Xqlrq
vkh zdv sduwo| vkhowhuhg iurp lqwhuqdwlrqdo frpshwlwlyhqhvv xqwlo wkh froodsvh ri wkh
iruphu lq 4<;:1
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Iljxuh 51 Wkh ghyhorsphqw ri uhdo h�hfwlyh h{fkdqjh udwhv phdvxuhg dv
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Iljxuh 61 Wkh ghyhorsphqw ri uhdo h�hfwlyh h{fkdqjh udwhv phdvxuhg dv
ghyldwlrq iurp sdulw|1

Iljxuh 6 vxjjhvwv wkdw wkh Qhwkhuodqgv dqg Ehojlxp h{shulhqfhg d
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vlplodu sulfh frqyhujhqfh dv Jhupdq| dqg wkdw wkh| kdyh pdqdjhg wr
vwd| durxqg wkh vwhdg|0vwdwh srvlwlrq vlqfh1 Dxvwuld zdv d orz sulfh
frxqwu| dw wkh ehjlqqlqj ri wkh HPV dqg lwv sulfhv kdyh vwhdglo| lq0
fuhdvhg doo vlqfh1 Wkrxjk Dxvwuld kdv vorzo| orvw frpshwlwlyhqhvv lq wklv
shulrg/ vkh kdv/ qhyhuwkhohvv/ ehhq forvh wr wkh vwhdg| vwdwh vlqfh 4<;:1
Ilqodqg vkrzv d vwhdg| lqfuhdvh lq sulfhv vlqfh wkh ehjlqqlqj ri wkh HPV
xqwlo wkh ghydoxdwlrqv vwduwhg lq 4<<31

Wr vxppdul}h/ wkh judskv vxjjhvw wkdw d uhdo h{fkdqjh udwh frqyhu0
jhqfh glg wdnh sodfh lq wkh �uvw �yh |hduv ri wkh HPV lq dffrugdqfh
zlwk wkh k|srwkhwlfdo vfhqdulr glvfxvvhg deryh1 Qhyhuwkhohvv/ diwhu �uvw
frqyhujlqj/ wkh orz sulfh frxqwulhv vhhp wr kdyh ehhq xqdeoh wr vwrs
ixuwkhu sulfh lqfuhdvhv dqg orvw suhylrxv frpshwlwlyhqhvv1

Iljxuhv 5 dqg 6 zhuh edvhg rq wkh ghyhorsphqw ri wudgh0zhljkwhg
lpsolflw sulfh lqglfhv zlwk sdulw| dvvxphg wr krog lq wkh ehjlqqlqj ri
wkh qlqhwlhv1 Dv d frpsohphqw/ Iljxuhv 7 dqg 8 vkrz wkh ghyhorsphqw
ri sxufkdvlqj srzhu sdulw| zlwk uhvshfw wr Jhupdq FSL dvvxplqj sdulw|
dw wkh hqg ri wkh shulrg1

Iljxuh 7 vkrzv wkh ghyhorsphqw iru wkh ghydoxdwlrq frxqwulhv/ Lwdo|/
Vsdlq/ dqg Ilqodqg1 Dw wkh hqg ri wkh shulrg/ erwk Lwdo| dqg Vsdlq
vhhphg wr eh dw d vlplodu sdulw| ohyho dv dw wkh ehjlqqlqj ri wkh kdug
HPV lq 4<;681 Iurp 4<;604<<5 wkh| pryhg dzd| iurp sdulw| xqwlo wkh
ghydoxdwlrqv lq 4<<50<6 uhvwruhg sdulw|1 Ilqodqg zdv txlwh idu dzd| iurp
sdulw| dqg pryhg ixuwkhu dzd| xqwlo wkh odujh ghydoxdwlrqv lq 4<<30<4 uh0
vwruhg frpshwlwlyhqhvv1 Iljxuh 8 vkrzv wkh ghyhorsphqw iru Qhwkhuodqgv/
Ehojlxp/ Dxvwuld/ dqg Luhodqg/ ri zklfk wkh �uvw wkuhh kdyh iroorzhg Jhu0
pdq sulfh ohyhov idluo| forvho| vlqfh wkh kdug HPV1 Luhodqg h{shulhqfhg
d 43( uhodwlyh sulfh ghfuhdvh lq 4<<6/ zklfk pd| eh dq h{sodqdwlrq ri
wkh vxevhtxhqw errvw lq hpsor|phqw dqg jurzwk1

8Lwdo| dgrswhg wkh eurdg 	9( edqgv ri wkh HUP lq 4<:< dqg Vsdlq mrlqhg wkh
HPV dv odwh dv 4<;<1
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Wkh vxevhtxhqw hpslulfdo dqdo|vhv ri wkh djjuhjdwhg hxur0zlgh duhd
qhhg dq HPX sxufkdvlqj srzhu sdulw| yduldeoh wkdw vxppdul}hv wkh
ryhudoo h�hfw ri wkh frqyhujhqfh wrzdugv vxvwdlqdeoh Hxurshdq sss ohy0
hov1 Lw lv gl!fxow +srvvleo| lpsrvvleoh, wr phdvxuh vxfk d frqyhujhqfh
zlwk dq| uhdvrqdeoh suhflvlrq dqg wkh yduldeoh SJ?�

|

ghvfulehg ehorz
vkrxog rqo| eh frqvlghuhg d yhu| frduvh sur{|1 Lw kdv ehhq fuhdwhg
dv SJ?�

|

@
S

��

�'�
�

�

m�eo
�|
� �ffm c zkhuh �

�

lv wkh zhljkw ri frxqwu| �
phdvxuhg dv �

�

' C(�
�

*C(�
e�oJ��_e

lq 4<<B dqg �eo
�|
lv wkh wudgh0

zhljkwhg uhdo h�hfwlyh h{fkdqjh udwh ri frxqwu| l dw wlph w/ zlwk sdulw|
ghqrwhg e| 433 wdnhq iurp wkh RHFG ohdglqj lqglfdwru gdwd edvh1
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Iljxuh 91 Frqyhujhqfh wrzdugv sxufkdvlqj srzhu sdulw| lq wkh Hxur
duhd lq wkh shulrg 4<;504<<; uhodwlyh wr djjuhjdwh xqhpsor|phqw/

ghyldwlrq iurp Hxurshdq wuhqg rxwsxw dqg hpsor|phqw1

Iljxuh 9 uhodwhv wkh yduldeoh/ SJ?�
|

/ wr Hxurshdq xqhpsor|phqw udwh/
wr wkh rxwsxw jds gh�qhg dv ++ � K�|,/ dqg wr wkh ghyldwlrqv ri djjuh0
jdwh hpsor|phqw iurp wuhqg +e � K2|,1 Wkh fr0pryhphqw ri xqhpsor|0
phqw dqg wkh sss frqyhujhqfh lv txlwh vwulnlqj dv lv wkh frxqwhu0f|folfdo
pryhphqwv ri wkh frqyhujhqfh yduldeoh zlwk erwk wkh rxwsxw0jds dqg
wkh hpsor|phqw0jds1

6 Hfrqrplf uhodwlrqv

Lq wklv vhfwlrq L zloo glvfxvv d vlpsoh iudphzrun iru dqdo|}lqj zdjh/
sulfh dqg xqhpsor|phqw g|qdplfv iru wkh Hxur0zlgh duhd lq wkh srvw
Euhwwrq Zrrgv shulrg1 Wkh lqwhusuhwdwlrq ri wkh vxevhtxhqw hpslulfdo
uhvxowv zloo eh edvhg rq wkh iroorzlqj wkuhh vlpsoh hfrqrplf uhodwlrqv
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ghvfulelqj +4, surgxfhu sulfhv edvhg rq pdun0xs sulflqj/ +5, frqvxphu
sulfhv dv krprjhqhrxvo| uhodwhg wr wkh sulfh ri grphvwlfdoo| surgxfhg
jrrgv dqg ri lpsruwhg jrrgv/ dqg +6, d uhdo zdjh uhodwlrq edvhg rq
froohfwlyh zdjh edujdlqlqj1 Lq dgglwlrq uhvxowv zloo eh glvfxvvhg edvhg
rq wkuhh dgmxvwphqw uhodwlrqv/ prwlydwhg e| wkh �qglqj ri shuvlvwhqw
ehkdylru dzd| iurp wkh deryh vwdwlf uhodwlrqv1 Wkh| duh +4, d g|qdplf
vwhdg|0vwdwh uhodwlrq ghvfulelqj lq dwlrq udwh dgmxvwphqw wrzdugv orqj0
uxq vwdwlf vwhdg| vwdwhv/ +5, d Skloolsv0fxuyh uhodwlrq/ dqg +6, d uhodwlrq
ehwzhhq xqhpsor|phqw dqg surgxfwlylw| ghyldwlrq iurp wuhqg1

Lq wkh iroorzlqj orzhu fdvhv zloo ghqrwh orjdulwkplf ydoxhv1

614 Vwdwlf orqj0uxq uhodwlrqv
Rxwsxw sulfhv/ R

+

c duh dvvxphg wr eh ghwhuplqhg e| pdun0xs sulflqj rq
qrplqdo zdjhv dqg lpsruw sulfhv RW

+

=

R
+|

' /��|

n /2R
W

+

n ��| +6,

zkhuh ��| lv d uhvlgxdo dqg /�n/2 ' � lpsolhv orqj0uxq sulfh krprjhqh0
lw|1

Frqvxphu sulfhv/ R
S

c duh dvvxphg wr eh ghwhuplqhg e| wkh sulfh
ri grphvwlfdoo| surgxfhg frqvxphu jrrgv R

+|

dqg lpsruwhg jrrgv RW
+

+ghqrwhg lq grphvwlf fxuuhqf|,=

R
S|

' /�R+| n E�� /��R
W

+

n �2| +7,

zkhuh �2| lv d uhvlgxdo dqg krprjhqhlw| lv dvvxphg1

Qrplqdo zdjhv � duh dvvxphg wr kdyh ehhq ghwhuplqhg sulpdulo|
e| froohfwlyh zdjh edujdlqlqj dqg duh uhodwhg wr wkh surgxfhu sulfhv R

+

c
frqvxphu sulfhv R

S

c surgxfwlylw| ^c dqg xqhpsor|phqw udwh �� Dvvxplqj
orj0olqhdulw| dqg orqj0uxq sulfh krprjhqhlw| wkh k|srwkhwlfdo orqj0uxq
djjuhjdwh uhdo zdjh uhodwlrq ehfrphv=

�
|

� R
+|

' @f n @�ER+| � R
S|

� n @2^| n @��|

n ��| +8,

zkhuh ��| lv d uhvlgxdo dqg � � @� � fc @2 ' �c dqg @� � f� Wkh vshfldo
fdvh/ @� ' �c lpsolhv wkdw qrplqdo zdjhv kdyh iroorzhg frqvxphu sulfhv/
dq lqglfdwlrq ri vwurqj edujdlqlqj srzhu ri oderu xqlrqv/ zkhuhdv @� ' �
zrxog eh dq lqglfdwlrq ri vwurqj edujdlqlqj srzhu ri wkh hpsor|huv1 Wkh
lqwhuphgldwh fdvhv lpso| gl�huhqw ghjuhhv ri vwuhqjwk ehwzhhq hpsor|0
huv dqg hpsor|hhv1 Wkh dvvxpswlrq @2 ' �c lpsolhv wkdw zdjh hduqhuv
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duh ixoo| frpshqvdwhg iru surgxfwlylw| jdlqv1 D qhjdwlyh frh!flhqw wr
xqhpsor|phqw lpsolhv ohvv zdjh suhvvxuh zkhq xqhpsor|phqw udwh lv
kljk/ d }hur frh!flhqw pljkw lqglfdwh vwurqj lqvlghu0rxwvlghu h�hfwv1

615 G|qdplf dgmxvwphqw ehkdylru
Li ~�

|

c R
+|

c R
S|

j � UE�� hpslulfdoo|/ wkhq qrplqdo zdjh dqg sulfh jurzwk
zrxog eh vwdwlrqdu| dqg +8, 0 +7, duh olnho| wr eh frlqwhjudwlqj uhod0
wlrqv1 Khqfh/ zh zrxog h{shfw ��|c �2| dqg ��| wr eh vwdwlrqdu|1 Li/ rq
wkh rwkhu kdqg/ ~�

|

c R
+|

c R
S|

j � UE2� hpslulfdoo| +dv zh �qg, dqg/ khqfh/
~{�

|

c{R
+|

c{R
S|

j � UE�� wkhq +8, 0 +7, duh olnho| wr eh qrq0vwdwlrqdu|
dqg wkh uhvlgxdov ��|c �2| dqg ��| zrxog eh guliwlqj dzd| iurp wkh dv0
vxphg vwhdg|0vwdwhv1

Sursrvlwlrq 6 Wr dfklhyh vwdwlrqdulw|/ zh qhhg lq jhqhudo wr lqwurgxfh
d phdvxuh ri qrplqdo jurzwk lq wkh frlqwhjudwlqj uhodwlrqv ri wkh YDU
prgho1 Wkhvh duh wkh g|qdplf vwhdg|0vwdwh uhodwlrqv1

Sursrvlwlrq 7 Jlyhq wkdw orqj0uxq sulfh krprjhqhlw| lv hpslulfdoo|
dffhswhg dqg +��R

+

�
|

dqg +R
+

�R
S

�
|

c duh UE�� yduldeohv/ wkhq {�
|

c{R
S|

c
dqg {R

+|

duh sdluzlvh frlqwhjudwlqj dqg/ khqfh/ pxvw frqwdlq wkh vdph
vwrfkdvwlf UE�� wuhqg/ zklfk lv htxlydohqw wr wkh �uvw gl�huhqfh ri wkh
UE2� wuhqg1

Lq wklv fdvh wkh fkrlfh ri dq| ri wkh wkuhh jurzwk udwhv/ {�
|

c{R
+|

c ru
{R

S|

zloo gr hfrqrphwulfdoo|/ exw wkh lqwhusuhwdwlrq ri wkh uhvxowv zloo
gl�hu ghshqglqj rq wkh fkrlfh1 Vlqfh wkh irfxv zloo eh rq wkh zdjh0
sulfh0xqhpsor|phqw g|qdplfv dqg krz wkhvh duh uhodwhg wr Hxurshdq
frpshwlwlyhqhvv lq dq lqfuhdvlqjo| frpshwlwlyh zruog L kdyh fkrvhq {R

+|

dv d phdvxuh ri qrplqdo jurzwk udwhv1
Wkh dgmxvwphqw uhodwlrq ghwhuplqlqj surgxfhu lq dwlrq {R

+

lv dv0
vxphg wr ghvfuleh htxloleulxp huuru0fruuhfwlqj ehkdylru wrzdugv d vxv0
wdlqdeoh uhdo zdjh ohyho dqg d vxvwdlqdeoh lqwhuqdo dqg h{whuqdo sulfh
zhgjh=

{R
+|

' @D n @SE� � R
+

�
|3� n @.ER+ � R

S

�
|3� n @HER+ � RW

+

�
|3� n �e| +9,

zkhuh �e| lv d uhvlgxdo dqg @S : fc @. 	 fc dqg @H 	 f lv frqvlvwhqw zlwk
htxloleulxp fruuhfwlrq ehkdylru1

Ixuwkhupruh/ wkh Hxurshdq zdjh0sulfh0xqhpsor|phqw g|qdplfv duh
olnho| wr kdyh ehhq vwurqjo| lq xhqfhg e| wkh qrplqdo dqg uhdo frqyhu0
jhqfh wrzdugv d frpprq Hxurshdq vxvwdlqdeoh vwhdg|0vwdwh ohyho1 Wklv
kdv ehhq d grplqdqw ihdwxuh ri wkh Hxurshdq h{shulhqfh lq wkh odvw wzr
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ghfdghv dqg lv olnho| wr kdyh vljql�fdqwo| d�hfwhg wkh ehkdylru ri wkh
gdwd1 Iru wkh sulfh0zdjh0xqhpsor|phqw g|qdplfv wkh frqyhujhqfh wr0
zdugv d HPX sxufkdvlqj srzhu sdulw| vhhpv sduwlfxoduo| uhohydqw1 Wklv
lv wkh prwlydwlrq iru dxjphqwlqj +9, zlwk rqh pruh htxloleulxp huuru0
fruuhfwlrq phfkdqlvp/ SJ?�

|

cphdvxulqj wkh devroxwh ghyldwlrq iurp sxu0
fkdvlqj srzhu sdulw| lq wkh Hxur frxqwulhv/ lq wkh .�7 shulrg=
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+|

' @D n @SE� � R
+

�
|3� n @.ER+ � R

S
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|3� n @bSJ?�| n �e|

+:,

Wkh vshhg ri dgmxvwphqw wrzdugv d vxvwdlqdeoh uhdo zdjh ohyho/ d vxv0
wdlqdeoh lqwhuqdo sulfh zhgjh/ dqg d vxvwdlqdeoh Hxurshdq sxufkdvlqj
srzhu sdulw| sulfh ohyho lv olnho| wr eh vwurqjo| lq xhqfhg e| lqvwlwx0
wlrqdo uljlglwlhv lq wkh grphvwlf oderu pdunhw1 Wklv h�hfw lv dvvxphg
wr eh fdswxuhg e| d *Skloolsv fxuyh* w|sh uhodwlrqvkls dqg d uhodwlrqvkls
ehwzhhq xqhpsor|phqw dqg wuhqg0dgmxvwhg surgxfwlylw|1

Wkh Skloolsv fxuyh uhodwlrq ehwzhhq sulfh lq dwlrq dqg xqhpsor|phqw
lv dvvxphg wr eh=

{R
+|

' @�f n @���|

n �e| +;,

zkhuh �e| lv d uhvlgxdo dqg @�� 	 f iru +;, wr eh lqwhusuhwhg dv d Skloolsv
fxuyh1

Uhpdun 8 Zkhq lq dwlrq dqg xqhpsor|phqw duh frlqwhjudwhg qrqvwd0
wlrqdu| yduldeohv/ wkh vkruw0uxq Skloolsv fxuyh vkrxog eh lqwhusuhwhg dv d
g|qdplf vwhdg|0vwdwh uhodwlrq1

Wkh uhodwlrqvkls ehwzhhq xqhpsor|phqw dqg wuhqg0dgmxvwhg surgxf0
wlylw| lv dvvxphg wr eh=

�
|

' @�2E^| � K�|� n �D|c +<,

zkhuh @�2 : f� Wklv dvvxpswlrq lv uhodwhg wr wkh zd| ^
|

lv phdvxuhg
lq wkh hpslulfdo dqdo|vlv/ qdpho| ^

|

' +
|

� e
|

c zkhuh +
|

lv JGS rxwsxw
dqg e

|

lv djjuhjdwh hpsor|phqw1 Wkxv/ ^
|

fdq lqfuhdvh hlwkhu dv d uhvxow
ri dq lqfuhdvh lq djjuhjdwh rxwsxw zlwk frqvwdqw hpsor|phqw ru ri d
ghfuhdvh lq djjuhjdwh hpsor|phqw zlwk frqvwdqw JGS1 Lq wkh �uvw fdvh
rqh zrxog h{shfw d gurs lq xqhpsor|phqw/ lq wkh vhfrqg fdvh d ulvh1
Khuh/ zh dvvxph wkdw wkh wuhqg lq +<, lv d sur{| iru wkh jurzwk lq JGS
dqg lq djjuhjdwh hpsor|phqw dvvrfldwhg zlwk wkh wuhqg lq whfkqrorjlfdo

47



surjuhvv +zklfk vkrxog qrw fdxvh xqhpsor|phqw wr ulvh/ h{fhsw srvvleo|
lq wkh vkruw uxq, zkhuhdv wkh ghyldwlrq ri surgxfwlylw| iurp wklv wuhqg lv
dvvxphg wr uhodwhg wr wkh vhfrqg h�hfw fdxvlqj d ulvh lq xqhpsor|phqw1
Wkxv/ oderu surgxfwlylw| lv lpsuryhg e| od|lqj r� d iudfwlrq/ bc ri wkh
zrun irufh +wkh ohdvw surgxfwlyh sduw, dqg surgxflqj wkh vdph rxwsxw
zlwk wkh uhgxfhg zrun irufh +�� b�e�

Uhpdun 9 Uhodwlrq +<, lv qrw dvvxphg wr eh d vwuxfwxudo uhodwlrq/ exw lv
lqvwhdg dvvxphg wr fdswxuh oderu pdunhw ehkdylru lq d wudqvlwlrq shulrg/
iru h{dpsoh zkhq dq hfrqrp| pryhv iurp d orzhu wr d kljkhu vwdwh ri
whfkqrorjlfdo ghyhorsphqw/ ru iurp d uhjxodwhg wr d ghuhjxodwhg hfrqrp|1

H{fhvv hpsor|phqw gxh wr suhylrxv lqvwlwxwlrqdo uljlglwlhv +iru h{0
dpsoh vwurqj oderu xqlrqv, lv olnho| wr eh uhgxfhg lq d ghuhjxodwhg dqg/
khqfh/ pruh frpshwlwlyh vhwwlqj1

Li erwk �e| dqg �D| duh UEf�c wkhq {R
+|

c �
|

c dqg E^
|

� K�|� vkduh rqh
frpprq wuhqg/ dqg �

|

dqg E^
|

� K�|� zrxog dovr eh frlqwhjudwlqj1 Li
�e| � UE��c {R

+|

dqg �
|

pd| vwloo vkduh wkh vdph frpprq vwrfkdvwlf
wuhqg/ exw wkhuh lv dw ohdvw rqh pruh vwrfkdvwlf wuhqg lq xhqflqj hlwkhu
ri wkh wzr yduldeohv/ ru erwk� Lq wklv fdvh zh zrxog h{shfw dq dgmxvwphqw
uhodwlrq zklfk dffrpprgdwhv erwk +;, dqg +<,1 Iru wkh HPV shulrg zh
h{shfw dgglwlrqdoo| wkdw wkh HPX sss frqyhujhqfh kdv lq xhqfhg wkh
ohyho ri xqhpsor|phqw1 Wkh iroorzlqj uhodwlrq frqwdlq doo srvvlelolwlhv=

�
|

' @�eE^| � K�|� n @�D{R
|

n @�SSJ?�| n �D| +43,

zkhuh wkh vwdwlrqdulw| ri wkh uhvlgxdo �D| lv dq lqglfdwlrq ri zkhwkhu wkh
frpelqhg uhodwlrq fdq eh dvvxphg wr eh d g|qdplf vwhdg|0vwdwh uhodwlrq
lq wkh hpslulfdo prgho1

7 Wkh vwdwlvwlfdo prgho dqg wkh gdwd

Wkh hpslulfdo lqyhvwljdwlrq lv edvhg rq wkh frlqwhjudwhg YDU dssurdfk
xvlqj wkh edvlf gdwd yhfwru=

%
|

' d�c R
+

c R
S

c Sc eoc �o
|

zkhuh | @ 4<:3=4/ 111/4<<;=4 dqg
z @ wkh orj ri wkh frpshqvdwlrq wr wkh hpsor|hhv +ZLQ,/
R
S

@ wkh orj wkh frqvxphu sulfh lqgh{ +SFG,/
R
+

@ wkh orj ri wkh sulfh ri grphvwlf rxwsxw +\HG,/
t @ wkh orj ri oderu surgxfwlylw| +Osurg, fdofxodwhg dv uhdo JGS shu

wrwdo hpsor|phqw +\HU2OQQ,/
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eo @ wkh orj ri Hxurzlgh uhdo h{fkdqjh udwhv uhodwlyh wr XV/ Mdsdq
dqg XN +HHU, ghqrwhg lq wkh grphvwlf fxuuhqf|/ l1h1 eo '

S
��

�'�
�

�

eeo
�

zkhuh eeo
�

lv wkh uhdo h�hfwlyh h{fkdqjh udwh ri frxqwu| � z1u1w1 XV/
Mdsdq dqg XN dqg �

�

lv wkh zhljkw ri frxqwu| � phdvxuhg dv �
�

'
C(�

�

*
S

��

�'�
C(�

�

lq 4<<B1
x @ wkh orj ri wkh xqhpsor|phqw udwh +XU[, fdofxodwhg dv wkh sur0

sruwlrq ri wkh xqhpsor|hg lq wkh oderu irufh +XQQ2OIQ,1
Doo yduldeohv duh vhdvrqdoo| dgmxvwhg dqg froohfwhg iurp wkh txdu0

whuo| Hxur0zlgh gdwdedvh +wkhlu ruljlqdo qdphv duh jlyhq lq eudfnhwv,
ghvfulehg lq Idjdq/ Khqu|/ dqg Phvwuh +5334,1 Judskv ri wkh gdwd duh
jlyhq lq wkh Dsshqgl{1

Iljxuh D14 vkrzv wkh judskv ri wkh Hxurshdq zdjh lq dwlrq +{�
|

,/
frqvxphu sulfh lq dwlrq +{R

S|

,/ JGS sulfh lq dwlrq +{R
+|

,/ dqg uhdo
zdjh jurzwk udwhv +{E��R

+

�
|

� Wkh qrplqdo jurzwk udwhv h{klelw w|slfdo
qrqvwdwlrqdu| ehkdylru/ lqglfdwlqj wkdw sulfh ohyhov duh UE2� ru qhdu UE2�
yduldeohv1 Wkh ghfolqh lq sulfh lq dwlrq vlqfh wkh �uvw rlo sulfh vkrfn
lq 4<:6 xqwlo wkh hqg ri wkh hljkwlhv lv d surqrxqfhg ihdwxuh1 Qrplqdo
zdjh jurzwk kdv vlploduo| ghfolqhg vwhdglo| zlwk wzr h{wudruglqdu| odujh
gursv lq 4<;7=5 dqg 4<<6=41 Uhdo zdjh jurzwk ghfolqhg vwhdglo| gxulqj
wkh vhyhqwlhv/ diwhu zklfk lw vhhpv wr kdyh  xfwxdwhg durxqg d frqvwdqw
ohyho1

Iljxuh D15 vkrzv wkh judskv ri wkh uhdo zdjh +� � R
+

,/ wkh lqwhuqdo
sulfh zhgjh +R

+

� R
S

, dqg uhdo h�hfwlyh h{fkdqjh udwh +eo,1 Doo wkuhh
yduldeohv duh wuhqglqj/ uhdo zdjhv dqg uhdo h{fkdqjh udwhv vwurqjo| vr/
mxvwli|lqj d wlph wuhqg lq wkh prgho1 Wzr ri wkh yduldeohv/ oderu surgxf0
wlylw| dqg xqhpsor|phqw udwh/ zloo sod| d fuxfldo uroh lq wkh vxevhtxhqw
hpslulfdo dqdo|vlv1 Iljxuh D=6 dqg D=7 irfxv rq wkh ehkdylru ri wkhvh
yduldeohv dqg wkhlu frpsrqhqwv1 Wkh elj f|folfdo vzlqjv lq wkh HPV
shulrg looxvwudwh wkh yhu| surorqjhg Hxurshdq f|foh wkdw hqghg lq wkh
plg0qlqhwlhv1

D edvholqh YDU+5, prgho zlwk d olqhdu wuhqg lq wkh frlqwhjudwlrq
vsdfh dqg wkuhh gxpp| yduldeohv vhhphg wr dssur{lpdwho| ghvfuleh wkh
yduldwlrq lq wkh gdwd=

{%
|

' K{%
|3� n kq �%

|3� n k�
�
|nx(

|

n >n 0
|

+44,

zkhuh > ' k�
f
n k

z
Bf lv xquhvwulfwhg/ vr wkdw �

f
lv dq lqwhufhsw lq wkh

frlqwhjudwlqj uhodwlrqv dqg Bf phdvxuhv olqhdu jurzwk udwhv/ wkh olqhdu
wlph wuhqg lv uhvwulfwhg wr eh lq wkh frlqwhjudwlrq vsdfh dqg(

|

lv d yhfwru
ri wkuhh gxpp| yduldeohv/ dffrxqwlqj iru wkh �uvw rlo vkrfn dqg wkh wzr
odujh zdjh gursv vwlfnlqj rxw lq Iljxuh D=41
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Sdudphwhu frqvwdqf| zdv fkhfnhg xvlqj wkh uhfxuvlyh whvw surfhgxuhv
lq Kdqvhq dqg Mrkdqvhq +4<<<,1 Dw durxqg 4<;40;6/ zklfk frlqflghv
zlwk wkh ehjlqqlqj ri wkh kdug HPV/ wkh prgho vkrzhg vwurqj hfrqr0
phwulf hylghqfh ri qrq0frqvwdqf| dv looxvwudwhg lq Iljxuh :1

Test of known beta eq. to beta(t)

1 is the 5% significance level
1980 1982 1984 1986 1988 1990 1992 1994 1996 1998

-1

0

1
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3

4

5

6
BETA_Z
BETA_R

Iljxuh :1 Wkh judskv ri wkh uhfxuvlyho| fdofxodwhg whvw vwdwlvwlf iru
frqvwdqw q vfdohg zlwk wkh 8( whvw ydoxh1 Doo ydoxhv : 413 uhmhfw

frqvwdqf|1

Wkh judskv duh edvhg rq wkh uhfxuvlyho| fdofxodwhg whvw ri frqvwdqw
q vxjjhvwhg e| Kdqvhq dqg Mrkdqvhq +4<<<,1 Wkh k|srwkhvlv wkdw
q
Ar

c A
r

' 4<;3=4 lv lq wkh <8 ( frq�ghqfh edqgv durxqg 	q
|

zdv vwurqjo|
uhmhfwhg iru doo | ' A

r

c ���c4<<;=41 Qxphurxv hpslulfdo vwxglhv kdyh irxqg
d vljql�fdqw Hxurshdq uhjlph vkliw durxqg wkhvh gdwhv1 Wkh vdpsoh
zdv glylghg lq wkh iroorzlqj vxe0shulrgv= 4<:3=5 0 4<;3=4 dqg 4<;5=4 0
4<<;=41 Wkh |hduv 4<;3 dqg 4<;4/ zkhwkhu lqfoxghg lq wkh iruphu ru
odwwhu vxe0shulrg surgxfhg lqvwdelolw| lq wkh vkruw0uxq dgmxvwphqw sd0
udphwhuv9 dqg zhuh/ wkhuhiruh/ rplwwhg dowrjhwkhu1 Wklv vxjjhvwv wkdw
djhqwv qhhghg d ihz |hduv wr ohduq krz wr dfw lq wkh qhz uhjlph1

9Wkh lqvwdelolw| zdv pxfk ohvv surqrxqfhg lq wkh orqj0uxq frlqwhjudwlrq surshu0
wlhv1

4:



Wkh qrplqdo yduldeohv/ �c R
+

c R
S

c zhuh irxqg wr eh dssur{lpdwho| lq0
whjudwhg ri rughu wzr/ dqg/ khqfh/ qrplqdo sulfh dqg zdjh jurzwk udwhv
zhuh L+4,1 Wklv udlvhv wkh txhvwlrq zkhwkhu orqj0uxq sulfh krprjhqh0
lw| ehwzhhq wkh qrplqdo yduldeohv lv vwdwlvwlfdoo| dffhswdeoh/ vr wkdw wkh
qrplqdo v|vwhp ^�c R

+

c R
S

c ^c �c eoc |o fdq eh wudqviruphg lqwr wkh htxlyd0
ohqw uhdo irup ^� � R

+

c R
+

� R
S

c{R
+

c �c eoc |o� Wkh sulfh krprjhqhlw| k|0
srwkhvlv fdq eh irupxodwhg dv -q ' f zkhuh q lv ER�o� dqg - lv E��R�
jlyhq e|=

- ' d�c �c �c fc fc fc fo

l1h1 wkh krprjhqhlw| uhvwulfwlrq lv lpsrvhg rq doo frlqwhjudwlrq yhfwruv1
Lw fdq eh whvwhg e| d OU whvw dssur{lpdwho| glvwulexwhg dv �2E�� +vhh
Mrkdqvhq dqg Mxvholxv/ 4<<5,1 Qrwh wkdw lw lv d whvw rq frlqwhjudwlqj
yhfwruv wkdw duh �UE2c ��� Vlqfh sulfh krprjhqhlw| lv riwhq dvvxphg wr
eh irxqg rqo| ryhu idluo| orqj shulrgv/ lw zdv �uvw whvwhg edvhg rq wkh ixoo
vdpsoh ljqrulqj wkh hylghqfh ri sdudphwhu qrq0frqvwdqf|1 Lw zdv/ krz0
hyhu uhmhfwhg lq wkh ixoo shulrg +edvhg rq wkh whvw vwdwlvwlf 5:13/ s0ydoxh
@ 3133,/ exw zdv dffhswhg lq wkh �uvw shulrg/ 4<:3=5 0 4<;3=4/ +6198/ s0
ydoxh 3163, dqg erughuolqh dffhswhg lq wkh vhfrqg shulrg/ 4<;5=4 0 4<<;=4
+:1:5/ s0ydoxh @ 3138,1 Wkxv/ lw vhhpv uhdvrqdeo| vdih wr wudqvirup wkh
gdwd vr wkdw wkh vxevhtxhqw dqdo|vlv fdq eh shuiruphg lq wkh L+4, prgho
vhsdudwho| iru wkh wzr uhjlphv1

Edvhg rq wkh wzr vdpsoh shulrgv lw lv qrz srvvleoh wr dvn lq zkdw
vhqvh wkh lqfuhdvhg hfrqrplf lqwhjudwlrq dqg wkh dvvrfldwlrq wr wkh
.-� kdyh fkdqjhg wkh phfkdqlvpv ri wkh Hxurshdq zdjh vhwwlqj1 Wklv
zloo eh grqh lq wkh vxevhtxhqw vhfwlrqv1

8 Vshfl�fdwlrq whvwv dqg wkh fkrlfh ri udqn lq wkh
L+4, prgho

Jlyhq orqj0uxq sulfh krprjhqhlw| wkh wudqviruphg v|vwhp

%
|

' d�o
|

c {R
|

c ^
|

c �
|

c RR
|

c eo
|

o +45,

zkhuh �o
|

' �
|

�R
+|

c RR
|

' R
+|

�R
S|

c dqg {R
|

' {R
+|

/ frqwdlqv rqo| L+4,
yduldeohv1 Doo vxevhtxhqw dqdo|vhv iru wkh �uvw shulrg duh edvhg rq wklv
gdwd yhfwru1 Iru wkh vhfrqg shulrg wkh yduldeoh/ SJ?�

|

/ phdvxulqj wkh
frqyhujhqfh wrzdugv d Hxurshdq sxufkdvlqj srzhu sdulw| lv lqfoxghg dv
d zhdno| h{rjhqrxv yduldeoh1

Wdeoh 4 uhsruwv vrph pxowlyduldwh plvvshfl�fdwlrq whvwv iru hdfk vxe0
shulrg lqglfdwlqj wkdw prgho +44, lv dq dffhswdeoh ghvfulswlrq ri wkh
gdwd1

4;



Wdeoh 4= Plvvshfl�fdwlrq whvwv dqg fkdudfwhulvwlf urrwv
4<:3=504<;3=4
Pxowlyduldwh whvwv

Uhv1 dxwrfruu1u�� �2E�S� @ 8718 s0ydo1 @ 3135
u�e �2E�S� @ 6914 s0ydo1 @ 3179
Qrupdolw|= u� �2E�2� @ 441: s0ydo1 @ 317:

Prgxoxv ri wkh 9 odujhvw fkdudfwhulvwlf urrwv
Xquhvwulfwhg YDU= 31<6 31<6 31<4 319: 319: 3196
o ' e 4133 4133 31;3 31;3 3195 3195
Wkh wudfh whvw

Wudfh bfI

S�H
E�f�S�

2f�S
E2��f�

e2�f
E�b���

.D�2
EDb�f�

�2��b
EH2�.�

�bD�2
E��f�f�

o� ^ {R
+

� RR
+S

eo
	k�E|� o@|�Jr� 317 071; 414 031; 316 71<
	keE|� o@|�Jr� 0413 0317 519 0718 61; 0314
-2 316: 3199 31:5 318; 319< 31;3

4<;5=404<<;=4
Pxowlyduldwh whvwv

Uhv1 dxwrfruu1u�� �2E�S� @ 6613 s0ydo1 @ 3194
u�e �2E�S� @ 7718 s0ydo� ' 3147
Qrupdolw|= u� �2E�2� @ 4:16 s0ydo1 @ 3147

Prgxoxv ri wkh 9 odujhvw fkdudfwhulvwlf urrwv
Xquhvwulfwhg prgho= 31;9 31;9 31;7 31;7 31:3 31:3
o ' e 413 413 31;; 31;; 319; 3184

o� ^ {R
+

� RR eo
	k�E|� o@|�Jr� 514 318 0718 514 0615 061<
	keE|� o@|�Jr� 318 31; 416 0614 416 0518
-2 318; 318: 3193 31:4 3179 3173

Wkh fkrlfh ri frlqwhjudwlrq udqn lv fuxfldo iru doo vxevhtxhqw uhvxowv1
Lw ghwhuplqhv wkh qxpehu ri frpsrqhqwv ri wkh yhfwru surfhvv wkdw hqwhu
wkh h{sodqdwru| sduw ri wkh prgho/ exw dovr wkh qxpehu ri frpprq
wuhqgv:1 Wkh ihzhu wkh frpprq vwrfkdvwlf wuhqgv wkh pruh frlqwhjudwlrq
ehwzhhq wkh yduldeohv ri wkh prgho1

Lq wkh suhvhqw gdwd vhw zh h{shfw dw ohdvw wzr frpprq wuhqgv rulj0
lqdwlqj iurp shupdqhqw vkrfnv wr sulfhv dqg wr surgxfwlylw|1 Ehfdxvh
d wlph wuhqg lv h{solflwo| lqfoxghg lq wkh prgho/ wkhuh lv dw wkh rxwvhw
rqh ghwhuplqlvwlf wuhqg qrw gluhfwo| lq xhqflqj wkh frlqwhjudwlrq udqn1
Wklv wlph wuhqg lv olnho| wr dffrxqw iru dyhudjh uhdo dqg qrplqdo jurzwk
wuhqgv lq uhdo zdjhv/ wkh lqwhuqdo dqg h{whuqdo sulfh zhgjh/ dqg sur0

:Hfrqrplf wkhru| lv riwhq pruh lqirupdwlyh derxw wkh qxpehu ri frpprq wuhqgv
wkdq ri wkh qxpehu ri frlqwhjudwlrq uhodwlrqv1
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gxfwlylw|1 Ixuwkhupruh/ wuhqg0dgmxvwhg surgxfwlylw| orrnv olnh dq L+4,
yduldeoh +fi1 Iljxuh D15,/ vxjjhvwlqj d vwrfkdvwlf surgxfwlylw| wuhqg rq
wrs ri wkh ghwhuplqlvwlf olqhdu wuhqg1

Edvhg rq wkhvh frqvlghudwlrqv/ rxu suhihuuhg k|srwkhvlv lv io '
ec R � o ' 2j� Wklv k|srwkhvlv zloo eh fkhfnhg djdlqvw wkh iroorzlqj
lqirupdwlrq= +l, wkh urrwv ri wkh fkdudfwhulvwlf sro|qrpldo/ +ll, wkh wudfh
whvwv/ dqg +lll, wkh w0vwdwlvwlfv ri wkh dgmxvwphqw frh!flhqwv1

Wkh urrwv ri wkh fkdudfwhulvwlf sro|qrpldo ri wkh T �- prgho surylgh
xvhixo lqirupdwlrq derxw wkh udqn/ lq sduwlfxodu zkhq wkhuh duh UE2� ru
qhdu UE2� frpsrqhqwv lq wkh gdwd1 Wkh qxpehu ri xqlw urrwv lq wkh
fkdudfwhulvwlf sro|qrpldo lv r� n 2r2c zkhuh r� dqg r2 duh wkh qxpehu
ri UE�� dqg UE2� frpprq wuhqgv uhvshfwlyho|1 Wkh qrplqdo dqdo|vlv
+qrw uhsruwhg khuh, lqglfdwhg wkdw qrplqdo zdjhv dqg wkh wzr sulfhv
vkduhg rqh frpprq L+5, wuhqg1 Li wkh qrplqdo wr uhdo wudqvirupdwlrq
+45, fruuhfwo| uhpryhv wkh L+5, wuhqg wkhuh vkrxog eh qr UE2� frpsrqhqwv
ohiw lq wkh gdwd dqg wkh qxpehu ri xqlw urrwv +ru qhdu xqlw urrwv, vkrxog
eh R� o�

Ehfdxvh ri wkh vdpsoh vsolw wkh ghjuhhv ri iuhhgrp duh txlwh orz dqg
wkh wudfh whvw kdv wr eh lqwhusuhwhg zlwk fdxwlrq1 Lq wkh �uvw shulrg
wkh wudfh whvw lv frqvlvwhqw zlwk zlwk rxu suhihuuhg k|srwkhvlv/ exw wkh
whvw uhvxow lv erughuolqh dffhswhg/ dqg o ' � frxog dv zhoo kdyh ehhq
fkrvhq1 Lq wkh vhfrqg shulrg wkh vwdqgdug wudfh whvw lv qrw ydolg ehfdxvh
ri wkh lqfoxvlrq ri wkh HPX frqyhujhqfh yduldeoh dv d zhdno| h{rjhqrxv
yduldeoh lq wkh prgho1

Zkhq fkrrvlqj o ' eo rqh fdq pdnh dq huuru ri w|sh L ru w|sh LL1
Lq wkh �uvw fdvh rqh zrxog lqwurgxfh d xqlw urrw lq wkh frlqwhjudwlrq
prgho e| lqfruuhfwo| dffhswlqj wkh eo�|� uhodwlrq1 Lq wkh vhfrqg fdvh wkh
+eon���|� uhodwlrq lv ohiw rxw hyhq li lw lv vwdwlrqdu| dqg kdv h{sodqdwru|
srzhu1 Wr h{dplqh wklv zh kdyh uhsruwhg doo wkh | udwlrv ri 	k� dqg 	ke

juhdwhu wkdq 5 lq Wdeoh 41 Iru wkh �uvw shulrg wkh fkrlfh ri o ' � zrxog
kdyh ljqruhg vrph txlwh vljql�fdqw lqirupdwlrq lq wkh irxuwk yhfwru di0
ihfwlqj lq dwlrq/ xqhpsor|phqw/ dqg wkh sulfh zhgjh1 Dq h{dplqdwlrq
ri wklv yhfwru uhyhdohg wkdw lw hvvhqwldoo| ghvfulehg wkh vwdj dwlrq eh0
kdylru ri wklv shulrg +d srvlwlyh uhodwlrqvkls ehwzhhq lq dwlrq dqg xq0
hpsor|phqw,1 Dv wklv lv dq lpsruwdqw ihdwxuh ri wkh vhyhqwlhv zh fkrrvh
o ' e� Iru wkh vhfrqg shulrg wkh irxuwk uhodwlrq/ hvvhqwldoo| ghvfulelqj
d qhjdwlyh uhodwlrq ehwzhhq lq dwlrq dqg xqhpsor|phqw/ vhhpv wr hq0
whu vljql�fdqwo| lq wkh htxdwlrqv iru xqhpsor|phqw dqg uhdo h{fkdqjh
udwh1 Wr dfklhyh frpsdudelolw| dqg ehfdxvh wkh irxuwk uhodwlrq vhhphg wr
frqwdlq lqirupdwlrq uhohydqw iru d Skloolsv fxuyh uhodwlrqvkls zh fkrrvh
o ' e dqg wkh vxevhtxhqw dqdo|vhv duh edvhg rq o ' e lq erwk shulrgv1

53



Wdeoh 5= Whvwlqj iru zhdn h{rjhqhlw|
u uz ^ {T � sR eo �2Eo�

4<:3=504<;3=4
6 517 5313 4716 91; 4313 5:13 :1;
7 $ 613 5715 5315 4716 4914 5813 <18

4<;5=404<<;=4
6 ;16 551: 4513 ;1; 4516 815 :1;
7 $ ;18 5615 5319 4913 4;14 4617 <18
Lqvljql�fdqw whvw ydoxhv duh lq erog idfh1

9 Zhdn h{rjhqhlw|/ Frpprq vwrfkdvwlf wuhqgv/ dqg
frlqwhjudwlrq

Vxevhfwlrq 914 lqyhvwljdwhv srvvleoh fkdqjhv lq orqj0uxq zhdn h{rjhqhlw|
surshuwlhv dqg 915 wdnhv d forvhu orrn dw wkhvh frpprq vwrfkdvwlf wuhqgv
dqg krz wkh| kdyh lq xhqfhg wkh gdwd wkurxjk wkh orqj0uxq lpsdfw
pdwul{

914 Zhdn h{rjhqhlw|
Ehfdxvh wkh fkrlfh ri o zdv qrw frpsohwho| vwudljkwiruzdug/ zh uhsruw
wkh whvw uhvxowv ri zhdn h{rjhqhlw| iru o ' � dqg o ' e� Wkh whvwv ri
zhdn h{rjhqhlw|/ -k ' fc zkhuh - lv d xqlw yhfwru/ lv dssur{lpdwho|
glvwulexwhg dv �2Eo�� Wkh uhvxowv duh uhsruwhg lq Wdeoh 51

Iru wkh �uvw shulrg wkh whvw uhvxowv vkrz wkdw wkh zhdn h{rjhqhlw|
ri uhdo zdjhv lv lqyduldqw wr wkh fkrlfh ri o/ zkhuhdv xqhpsor|phqw
zrxog kdyh ehhq zhdno| h{rjhqrxv iru o ' �c exw lv qrw iru o ' e�
Frqvlvwhqw zlwk wkh glvfxvvlrq deryh zh �qg wkdw wkh fkrlfh ri o ' e
lqvwhdg ri 6/ lqfuhdvhv wkh whvw ydoxh iru lq dwlrq/ xqhpsor|phqw dqg
wkh sulfh zhgjh1 Lq wkh vhfrqg shulrg uhdo h{fkdqjh udwhv zrxog kdyh
ehhq zhdno| h{rjhqrxv iru o ' �c exw qrw iru o ' e� Lw fdq dovr eh qrwhg
wkdw surgxfwlylw| lv wkh yduldeoh prvw vwurqjo| dgmxvwlqj lq erwk shulrgv
iroorzhg e| uhdo h{fkdqjh udwhv +wkh h{whuqdo zhgjh, dqg lq dwlrq udwh lq
wkh �uvw shulrg dqg wkh lqwhuqdo sulfh zhgjh dqg lq dwlrq lq wkh vhfrqg
shulrg1 Vxppdul}lqj wkh lpsruwdqw �qglqjv=

Uhvxow : Vkrfnv wr uhdo zdjhv kdyh dfwhg dv d sxvklqj irufh lq wkh �uvw
exw qrw lq wkh vhfrqg uhjlph1

Uhvxow ; Surgxfwlylw| lv vwurqjo| dgmxvwlqj lqghshqghqwo| ri uhjlph1
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915 Frpprq vwrfkdvwlf wuhqgv
E| lqyhuwlqj wkh frlqwhjudwhg YDU prgho rqh fdq h{suhvv wkh yduldeohv
ri wkh v|vwhp dv ixqfwlrqv ri wkh huuruv/ wkh h{rjhqrxv yduldeoh/ SJ?�c
d ghwhuplqlvwlf wlph wuhqg dqg d frpsrqhqw - frqwdlqlqj wkh h�hfwv ri
lqlwldo ydoxhv/ wkh vkruw0uxq g|qdplf h�hfwv ri{SJ?�

|

dqg wkh gxpplhv=
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SJ?� n �WEu�0
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n- +46,

zkhuh � lv d R � R pdwul{1 Iru d jlyhq frlqwhjudwlrq udqn oc � kdv
uhgxfhg udqn R � o dqg rqh fdq ghfrpsrvh � ' q
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z

k�
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zkhuh hq
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Ek�
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�3� dqg q
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c k
z
duh R � R � o pdwulfhv1 Lw

lv vwudljkwiruzdug wr lqwhusuhw 	k�
z

P0
�

dv dq hvwlpdwh ri wkh xqghuo|lqj
frpprq vwrfkdvwlf wuhqgv jhqhudwhg e| shupdqhqw vkrfnv wr wkh ydul0
deohv ri wkh v|vwhp dqg hq

z

dv wkh fruuhvsrqglqj zhljkwv wr wkh yduldeoh1
Krzhyhu/ wkh hq

z

dqg k
z
duh qrw xqltxho| lghqwl�hg zlwkrxw lpsrvlqj dw

ohdvw R�o�� lghqwli|lqj uhvwulfwlrqv dqg d qrupdol}dwlrq lq hdfk froxpq1
Vlploduo|/ zkhq l lv qrw d gldjrqdo pdwul{/ 0

|

fdq eh h{suhvvhg dv �e
|

zkhuh �c iru h{dpsoh/ fdq eh gh�qhg e| wkh Fkrohvn| ghfrpsrvlwlrq
��� ' l1

Wkh sxusrvh khuh lv wr jlyh d whqwdwlyh lqwhusuhwdwlrq ri wkh R � o
vwrfkdvwlf wuhqgv edvhg rq wkh fxpxodwhg uhvlgxdov iurp wkh frlqwhjudwhg
YDU prgho e| lpsrvlqj lghqwli|lqj uhvwulfwlrqv rq wkh k

z
c exw ohdylqj

	0
|

xqfkdqjhg1
Lq wkh �uvw shulrg wkhuh duh R � o ' 2 vwrfkdvwlf wuhqgv dqg rqh

ghwhuplqlvwlf wlph wuhqg gulylqj wkh v|vwhp frqvlvwhqw zlwk wkh iroorzlqj
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' d�c fc fc fc fc fo�

Wkxv wkh �uvw vwrfkdvwlf wuhqg lv urxjko| jhqhudwhg e| vkrfnv wr lq dwlrq
udwh/ qrwlflqj wkdw {R
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c dqg wkh vhfrqg
vwrfkdvwlf wuhqg k�
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frqvlvwv ri fxpxodwhg vkrfnv wr wkh
zhdno| h{rjhqrxv uhdo zdjh�

Iru wkh vhfrqg shulrg zh kdyh vlploduo| wzr vwrfkdvwlf wuhqgv dqg d
ghwhuplqlvwlf wlph wuhqg1 Ixuwkhupruh/ wkh sss frqyhujhqfh yduldeoh zdv
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Wdeoh 6= Hvwlpdwhv ri wkh orqj0uxq lpsdfw pdwul{ F
4<:3=504<;3=4
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Erog idfh lqglfdwhv m|� o@|�Jm A518/ lwdolfv 419 ?m|� o@|�Jm ?5181
Doo uhpdlqlqj hqwulhv kdyh m|� o@|�Jm ?419

dgghg wr wkh v|vwhp dv d zhdno| h{rjhqrxv yduldeoh dqg/ khqfh/ jhqhudwhv
d vwrfkdvwlf wuhqg e| dvvxpswlrq1 Wkh iroorzlqj uhsuhvhqwdwlrq ghvfulehv
wkh v|vwhp iru wkh vhfrqg shulrg=
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' d�c f�Dc fc fcfc fo� Wkxv wkh �uvw
vwrfkdvwlf wuhqg ghvfulehv fxpxodwhg vkrfnv wr lq dwlrq udwh dqg wkh
vhfrqg wr uhdo zdjhv dqg oderu surgxfwlylw|1

Wkh qrplqdo wuhqg lq wkh �uvw shulrg lq xhqfhv surgxfwlylw| qhj0
dwlyho|/ lq dwlrq dqg xqhpsor|phqw srvlwlyho| dqg wkh lqwhuqdo sulfh
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zhgjh dqg uhdo h{fkdqjh udwhv qhjdwlyho|/ l1h1 lq dwlrqdu| vkrfnv ohdg
wr ghsuhfldwlrq ri wkh fxuuhqf|1 Wkh uhdo wuhqg lqfuhdvhv uhdo zdjhv dqg
surgxfwlylw| dqg kdv d vpdoo qhjdwlyh h�hfw rq xqhpsor|phqw1 Lq wkh
vhfrqg shulrg wkh qrplqdo wuhqg kdv d qhjdwlyh h�hfw rq uhdo zdjhv +qr
vljql�fdqw h�hfw lq shulrg 4, qr h�hfw rq surgxfwlylw| +d qhjdwlyh h�hfw
lq shulrg 4,/ srvlwlyh h�hfw rq xqhpsor|phqw +vwurqjhu wkdq lq shulrg
4, dqg d srvlwlyh h�hfw rq wkh sulfh zhgjh +d qhjdwlyh h�hfw lq shulrg 4,1
Wkh odwwhu vhhpv wr lqglfdwh wkdw sulfh vkrfnv kdyh ghfuhdvhg sur�wv lq
wkh �uvw shulrg exw lqfuhdvhg wkhp lq wkh vhfrqg shulrg1 Wkh uhdo wuhqg
kdv lqfuhdvhg uhdo zdjhv dqg surgxfwlylw| lq erwk shulrgv exw ohvv vr lq
wkh pruh uhfhqw shulrg1 Wkh uhdo wuhqg kdv dovr d�hfwhg xqhpsor|phqw
udwh/ wkh sulfh zhgjh dqg wkh uhdo h{fkdqjh udwhv srvlwlyho|/ exw wkhvh
h�hfwv duh qrw yhu| vljql�fdqw1

Uhvxow < Wkh vwrfkdvwlf wuhqgv duh vlploduo| jhqhudwhg lq erwk shulrgv/
exw wkh zhljkwv zlwk zklfk wkh| hqwhu wkh yduldeohv duh ixqgdphqwdoo|
gl�huhqw

Wkh gl�huhqfh lv vwloo pruh surqrxqfhg zkhq frpsdulqj wkh olqhdu
jurzwk udwhv iru wkh wzr shulrgv1 Uhdo zdjhv juhz rq dyhudjh zlwk
dssur{lpdwho| 7( shu |hdu lq wkh �uvw shulrg dqg zlwk 41:( lq wkh
vhfrqg1 Surgxfwlylw| juhz rq dyhudjh zlwk 6( lq wkh �uvw shulrg/ l1h1
ohvv wkdq uhdo zdjhv dqg zlwk 5( lq wkh vhfrqg/ l1h1 pruh wkdq uhdo zdjhv
lq wkh vdph shulrg1 Wkh orz uhdo jurzwk lq wkh vhfrqg shulrg uh hfwv
wkh prghvw jurzwk udwhv dqg wkh jhqhudo surgxfwlylw| vorzgrzq wkdw
vwduwhg lq wkh plg0hljkwlhv dqg odvwhg iru doprvw d zkroh ghfdgh1 Wkh
sss frqyhujhqfh wuhqg vkrzv wkdw erwk lq dwlrq dqg xqhpsor|phqw kdv
iroorzhg d vlplodu wuhqg ghyhorsphqw1

Uhvxow 43 Wkh jurzwk udwh ri uhdo zdjhv h{fhhghg wkh jurzwk udwh ri
surgxfwlylw| lq wkh vhyhqwlhv zkhuhdv lq wkh HPV shulrg wkh surgxfwlylw|
jurzwk h{fhhghg uhdo zdjh jurzwk1 Khqfh/ sur�w vkduh ghfuhdvhg lq wkh
�uvw uhjlph dqg lqfuhdvhg lq wkh vhfrqg1

Wkh hvwlpdwhv ri wkh orqj0uxq lpsdfw pdwul{ � uhsruwhg lq Wdeoh 6
phdvxuhv wkh orqj0uxq h�hfwv ri dq xqdqwlflsdwhg vkrfn 0

�|

c � ' �c ���c Rc
rq doo yduldeohv ri wkh v|vwhp1 Khuh 0

�|

duh phdvxuhg e| wkh uhvlgxdov
iurp wkh frlqwhjudwhg YDU prgho dqg wkhlu vwdqgdug ghyldwlrqv duh
dovr uhsruwhg lq wkh wdeoh1 Wr lqfuhdvh uhdgdelolw| zh kdyh lqglfdwhg
frh!flhqwv zlwk d w0udwlr : 518 zlwk erog idfh/ d w0udwlr : 419 	 518
zlwk lwdolfv1 Frpsohwho| lqvljql�fdqw frh!flhqwv duh qrw uhsruwhg lq wkh
wdeoh1
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: Frlqwhjudwlrq surshuwlhv

Lq wklv vhfwlrq zh lpsrvh vxfk +ryhu,lghqwli|lqj uhvwulfwlrqv rq wkh o frlq0
whjudwlrq uhodwlrqv wkdw gh�qh irxu luuhgxfleoh frlqwhjudwlrq uhodwlrqv/
wkh *exloglqj eorfnv* ri wkh frpelqhg vwhdg|0vwdwh uhodwlrqv ri Vhfwlrq ;1

Lq wdeoh 7 zh uhsruw wkh hvwlpdwhv ri wkh irxu vwhdg|0vwdwh uhodwlrqv1
Dowrjhwkhu irxu ryhu0lghqwli|lqj uhvwulfwlrqv kdyh ehhq lpsrvhg lq wkh
�uvw shulrg1 Wkh| zhuh whvwhg zlwk d OU whvw glvwulexwhg dv �2Ee� dqg df0
fhswhg zlwk d s0ydoxh ri 31841 Lq wkh vhfrqg shulrg wkh 8 ryhu0lghqwli|lqj
uhvwulfwlrqv zhuh dffhswhg zlwk d s0ydoxh ri 315:1

:14 Frlqwhjudwlrq surshuwlhv lq wkh �uvw uhjlph
Lq wkh �uvw shulrg lw zdv qrw srvvleoh wr �qg hpslulfdo vxssruw iru d
sodxvleoh orqj0uxq uhdo zdjh uhodwlrq zlwk htxloleulxp huuru0fruuhfwlqj
ehkdylru lq uhdo zdjhv1 Zh lqwhusuhw wklv dv hylghqfh ri zdjh klnhv
pdgh srvvleoh e| vwurqj oderu xqlrqv lq wklv shulrg1

Uhvxow 44 Oderu xqlrqv zhuh vxffhvvixo lq dfklhylqj uhdo zdjh lqfuhdvhv
lq h{fhvv ri surgxfwlylw| lq wkh �uvw uhjlph ehfdxvh ri wudgh eduulhuv dqg
wkh srvvlelolw| wr ghydoxh grphvwlf fxuuhqf|1 Wr uhvwruh frpshwlwlyhqhvv
diwhu h{fhvvlyh qrplqdo zdjh lqfuhdvhv lpsrvhg e| vwurqj oderu xqlrqv/
hpsor|huv kdyh wr lqfuhdvh oderu surgxfwlylw|1

Hylghqfh ri wklv lv irxqg lq wkh �uvw uhodwlrq ghvfulelqj oderu surgxf0
wlylw| +rxwsxw2hpsor|phqw, dv d srvlwlyh ixqfwlrq ri uhdo zdjhv +��R

+

,
dqg wkh sulfh zhgjh +R

+

� R
S

�� Oderu surgxfwlylw| lv vwurqjo| huuru0
fruuhfwlqj wr wklv uhodwlrq1

Uhvxow 45 Surgxfwlylw| zdv dfklhyhg e| whfkqrorjlfdo surjuhvv dqg e|
od|lqj r� zrunhuv1

Hylghqfh iru wklv fdq eh irxqg lq wkh vhfrqg uhodwlrq ghvfulelqj d
srvlwlyh uhodwlrqvkls ehwzhhq xqhpsor|phqw dqg wkh ghyldwlrq ri oderu
surgxfwlylw| iurp wuhqg zlwk vwurqj huuru fruuhfwlqj ehkdylru lq wkh
xqhpsor|phqw htxdwlrq1

Uhvxow 46 Ghydoxdwlrqv zhuh iuhtxhqwo| xvhg wr dv d phdqv wr dyrlg +ru
dw ohdvw srvwsrqh, odujh vfdoh �ulqjv1

Hylghqfh ri wklv h�hfw fdq eh irxqg lq wkh wklug uhodwlrq zklfk gh0
vfulehv uhdo h{fkdqjh udwhv srvlwlyho| uhodwhg wr surgxfhu sulfh lq dwlrq1
Uhdo h{fkdqjh udwh lv huuru0fruuhfwlqj wr wklv uhodwlrq zkhuhdv surgxf0
wlylw| lqfuhdvhv dqg wkh sulfh zhgjh ghfuhdvhv zkhq wkh fxuuhqf| lv gh0
ydoxdwhg1
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Wdeoh 7= Hvwlpdwhg orqj0uxq vwhdg|0vwdwh uhodwlrqv iru 4<:30;3 dqg 4<;50
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Uhvxow 47 Wkh uhvxow ri wklv zdjh0sulfh0xqhpsor|phqw0surgxfwlylw|0ghydoxdwlrq
vsludo lv vwdj dwlrq1 Vkruw0uxq Skloolsv fxuyh h�hfwv fdq eh irxqg hyhq
lq wkh vwdj dwlrq uhjlph1

Hylghqfh ri wklv lv irxqg lq wkh iruwk uhodwlrq ghvfulelqj d srvlwlyh
uhodwlrqvkls ehwzhhq lq dwlrq dqg xqhpsor|phqw/ d skhqrphqrq w|slfdo
ri wkh vhyhqwlhv1 Wkrxjk lq dwlrq udwh dqg wkh sulfh zhgjh duh huuru0
fruuhfwlqj wr wkh vwdj dwlrq uhodwlrq xqhpsor|phqw lv qrw1 Lqvwhdg lw lv
ghfuhdvlqj zkhq surgxfhu sulfh lq dwlrq lv deryh lwv *vwhdg|0vwdwh* ydoxh/
l1h1 hylghqfh ri d vkruw0uxq Skloolsv fxuyh h�hfw1

:15 Frlqwhjudwlrq surshuwlhv lq wkh vhfrqg uhjlph
Lq wkh vhfrqg shulrg wkh lghqwl�hg orqj0uxq vwhdg|0vwdwh uhodwlrqv whoo d
gl�huhqw vwru|1

Uhvxow 48 Oderu xqlrqv zhuh xqdeoh wr hqirufh h{fhvvlyh zdjh fodlpv
lq wkh vhfrqg uhjlph ehfdxvh frpshwlwlyh ghydoxdwlrqv zhuh qr orqjhu
srvvleoh dqg wkh jrrgv pdunhw ehfdph lqfuhdvlqjo| frpshwlwlyh1

Hylghqfh ri wklv lv wkdw uhdo zdjhv duh htxloleulxp0huuru0fruuhfwlqj
wrzdugv d sodxvleoh uhdo zdjh uhodwlrq/ ghvfulelqj uhdo frqvxphu zdjhv
+� � R

S

, ehlqj srvlwlyho| uhodwhg wr oderu surgxfwlylw| +exw ohvv wkdq
sursruwlrqdoo|,/ qhjdwlyho| uhodwhg wr xqhpsor|phqw udwh/ dqg srvlwlyho|
wr uhdo h{fkdqjh udwhv1

Uhvxow 49 Frpshwlwlyhqhvv zdv lpsuryhg e| lqfuhdvlqj oderu surgxfwly0
lw| zklfk zdv sulpdulo| dfklhyhg e| oderu od|r�v1

Hylghqfh ri wklv lv irxqg lq wkh vhfrqg uhodwlrq ghvfulelqj ghyldwlrq
iurp wuhqg surgxfwlylw| dv d srvlwlyh ixqfwlrq ri uhdo zdjhv/ lq dwlrq dqg
xqhpsor|phqw1 Oderu surgxfwlylw| lv vwurqjo| huuru0fruuhfwlqj wr wklv
uhodwlrq/ zkhuhdv xqhpsor|phqw lv qrw1 Wkh odwwhu jlyhv hylghqfh ri wkh
zlghvsuhdg xvh ri oderu od|r�v dv d phdqv wr lpsuryh oderu surgxfwlylw|/
d w|slfdo ihdwxuh ri erwk wkh vhyhqwlhv dqg wkh hljkwlhv1 Exw frqwudu| wr
wkh vhyhqwlhv ghydoxdwlrqv zhuh qr orqjhu srvvleoh zlwklq wkh kdug HPV
dqg xqhpsor|phqw urvh vwhdglo|1 Wklv lv olnho| wr h{sodlq wkh lqfuhdvhg
zhdnqhvv ri wkh oderu xqlrqv lq wkh hljkwlhv dqg wkh qlqhwlhv1

Uhvxow 4: Rxwsxw0sulfh lq dwlrq lv huuru fruuhfwlqj wrzdugv wkh lqwhu0
qdo sulfh zhgjh dqg wrzdugv wkh Hxurshdq sxufkdvlqj srzhu sdulw| dv
phdvxuhg e| wkh yduldeoh SJ?�

|

�

Hylghqfh ri wklv lv irxqg lq wkh wklug frlqwhjudwlrq uhodwlrq zlwk
htxloleulxp0huuru0fruuhfwlrq lq wkh lqwhuqdo sulfh zhgjh dqg lq dwlrq
udwh1
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Uhvxow 4; D frqyhqwlrqdo Skloolsv fxuyh uhodwlrqvkls ehwzhhq sulfh lq0
 dwlrq dqg xqhpsor|phqw ghvfulehv wkh sd|0r� ehwzhhq orz lq dwlrq dqg
kljk xqhpsor|phqw zkhq wkh odwwhu kdv ehhq fruuhfwhg iru wkh h�hfw ri
wkh frqyhujhqfh wrzdugv Hxurshdq sxufkdvlqj srzhu sdulw|1

Hylghqfh ri wklv lv irxqg lq wkh irxuwk frlqwhjudwlrq uhodwlrq zlwk
htxloleulxp huuru0fruuhfwlrq lq erwk lq dwlrq dqg xqhpsor|phqw1

:16 Looxvwudwlqj wkh gl�huhqfhv
Wkh vljql�fdqfh ri wkh gl�huhqfhv lq wkh pdfurhfrqrplf ehkdylru lq wkh
wzr uhjlphv duh looxvwudwhg e| Iljxuhv ; 0 44/ zkhuh wkh irxu vwhdg|0vwdwh
uhodwlrqv duh judskhg iru hdfk uhjlph dqg h{wudsrodwhg lqwr wkh shulrg
ri wkh rwkhu uhjlph1 Wkhuh fdq eh olwwoh grxew wkdw wkh frlqwhjudwlrq
surshuw| lv orvw zkhq h{wudsrodwlqj rxwvlgh wkh vdpsoh shulrg frqvlvwhqw
zlwk wkh vwurqj uhmhfwlrq ri wkh frqvwdqf| ri wkh frlqwhjudwlrq vsdfh1

Iljxuh ; vkrzv wkdw wkh ohyho ri oderu surgxfwlylw| lq wkh hljkwlhv dqg
wkh qlqhwlhv zrxog kdyh ehhq zhoo deryh lwv vwhdg|0vwdwh ydoxh li lw zhuh
prghohg e| wkh surgxfwlylw| uhodwlrq ri wkh vhyhqwlhv1 D vlplodu frqfox0
vlrq fdq eh uhdfkhg iru uhdo h{fkdqjh udwhv= frpsduhg wr wkh phfkdqlvpv
ri wkh vhyhqwlhv uhdo h�hfwlyh h{fkdqjh udwh zrxog eh ryhuydoxhg lq wkh
pruh uhfhqw shulrg1 Iljxuh < h{wudsrodwhv wkh vwhdg|0vwdwh ohyho ri lq0
 dwlrq udwh lq wkh vhyhqwlhv lqwr wkh HPV shulrg dqg ghprqvwudwhv wkh
gudpdwlf gurs h{shulhqfhg zkhq wkh vwdj dwlrq phfkdqlvp fdph wr dq
hqg1 Wkh xqhpsor|phqw udwh lq prvw ri wkh hljkwlhv zrxog kdyh ehhq
deryh wkh *vwhdg|0vwdwh* ohyho ri wkh vhyhqwlhv dqg ehorz wkh ohyho lq wkh
qlqhwlhv1

Dowrjhwkhu/ Iljxuhv ; dqg < vxjjhvw wkdw wkh lqwurgxfwlrq ri HPV
fdxvhg d fkdqjh lq wkh olqhdu jurzwk udwhv dqg surgxfhg wkh yhu| orqj
exvlqhvv f|foh vzlqjv vwurqjo| ylvleoh lq Iljxuh <1 Wkh iruphu h�hfw
fdq eh h{sodlqhg e| wkh fkdqjh lq wkh jurzwk udwhv ri uhdo zdjhv dqg
surgxfwlylw| dv ghprqvwudwhg lq +47, dqg +48,1 Wkh orqj vzlqjv h�hfw
vhhpv wr eh uhodwhg wr wkh lqwhuqdo sss frqyhujhqfh dv ghvfulehg e| wkh
yduldeoh SJ?�

|

�
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Iljxuhv 43 dqg 44 vkrz wkh h{wudsrodwlrqv ri wkh vwhdg|0vwdwh uhod0
wlrqv ri wkh hljkwlhv dqg qlqhwlhv edfnzdugv lqwr wkh vhyhqwlhv1 Iljxuh
43 ghprqvwudwhv wkdw li wkh HPV uhjlph kdg ehhq zrunlqj douhdg| lq
wkh vhyhqwlhv wkh vwhdg|0vwdwh ohyho ri uhdo zdjhv zrxog kdyh ehhq zhoo
ehorz dqg wkh lq dwlrq udwh pxfk deryh wkh vwhdg|0vwdwh ohyhov ri wkh
pruh uhfhqw shulrg1 Iljxuh 44 vkrzv wkdw surgxfwlylw| zrxog kdyh ehhq
deryh dqg xqhpsor|phqw ehorz wkh vwhdg|0vwdwh ohyhov ri wkh hljkwlhv
dqg wkh qlqhwlhv1
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Dowrjhwkhu/ Iljxuhv 43 dqg 44 ghprqvwudwh d fkdqjh lq wkh olqhdu
jurzwk udwhv frpsdudeoh wr wkh suhylrxv fdvh dqg d vkliw lq wkh htxlole0
ulxp phdqv/ zklfk sulpdulo| lv uhodwhg wr wkh fkdqjh lq lq dwlrq jurzwk
udwhv ehwzhhq wkh wzr shulrgv1

Lq wkh qh{w vhfwlrq zh zloo lpsrvh ryhu0lghqwli|lqj uhvwulfwlrqv rq wkh
vkruw0uxq ihhg0edfn g|qdplfv ri wkh ixoo v|vwhp/ nhhslqj wkh lghqwl�hg
frlqwhjudwlrq uhodwlrqv �{hg1

; Wkh hvwlpdwhg zdjh dqg sulfh g|qdplfv

Wkh hvwlpdwhg zdjh0sulfh0xqhpsor|phqw g|qdplfv lq Wdeoh 8 kdyh ehhq
vlpsol�hg e| lpsrvlqj }hur uhvwulfwlrqv rq lqvljql�fdqw frh!flhqwv lq wkh
xquhvwulfwhg YDU prgho/ zklfk/ dv d uxoh/ lv khdylo| ryhu0sdudphwul}hg
lq wkh g|qdplf dgmxvwphqw vwuxfwxuh1

Lq wkh �uvw shulrg doo odjjhg yduldeohv h{fhsw wkh sulfh zhgjh zhuh
lqvljql�fdqw edvhg rq dq I0whvw dqg/ wkxv/ uhpryhg iurp wkh v|vwhp1
Uhdo zdjhv zhuh irxqg wr eh vwurqjo| h{rjhqrxv dqg zdv lqfoxghg dv dq
h{rjhqrxv yduldeoh lq wkh v|vwhp1 Lq wklv vlpsol�hg v|vwhp 4: dgglwlrqdo
lqvljql�fdqw frh!flhqwv zhuh whvwhg wr }hur zlwk d olnholkrrg udwlr whvw1
Wkh qxoo k|srwkhvlv zdv dffhswhg edvhg rq �2E�.� ' �S�eEf�Df��

Lq wkh vhfrqg shulrg doo odjjhg yduldeohv h{fhsw iru xqhpsor|phqw
zhuh irxqg wr eh lqvljql�fdqw dqg uhpryhg iurp wkh v|vwhp1 Wkh sulfh
zhgjh zdv irxqg qrw wr eh huuru0fruuhfwlqj dqg zdv lqfoxghg dv dq h{0
rjhqrxv yduldeoh wr vlpsoli| wkh prgho1 Dowrjhwkhu 53 ryhu0lghqwli|lqj
}hur uhvwulfwlrqv frxog eh lpsrvhg rq wkh vlpsol�hg v|vwhp edvhg rq wkh
OU whvw �2E2f� ' 2f�H�Ef�e���

Wkh grplqdqfh ri wkh hfp0whupv lv txlwh vwulnlqj lq wkh vlpsol�hg
prghov1 Rqo| 6 sdudphwhuv lq wkh �uvw shulrg dqg 8 lq wkh vhfrqg shulrg
ghvfulelqj whpsrudu| vkruw0uxq h�hfwv zhuh vljql�fdqw rxw ri wkh 69
hvwlpdwhg sdudphwhuv ri wkh xquhvwulfwhg YDU1

Lq wkh vhyhqwlhv uhdo zdjhv zhuh qrw htxloleulxp huuru0fruuhfwlqj dqg
uhdo zdjh vkrfnv zhuh hvvhqwldoo| gulylqj oderu surgxfwlylw|1 Hylghqfh ri
wklv zdv vkrzq lq wkh frpprq wuhqgv dqdo|vlv ri wkh suhylrxv vhfwlrq dqg
lv frq�uphg e| wkh vljql�fdqw dgmxvwphqw wr hfp4+^�f�.fo����efRR�1
Oderu surgxfwlylw| lv ixuwkhupruh huuru fruuhfwlqj wr hfp5 +��f�f�e^�
f�ff�|�/ wkh odwwhu ghvfulelqj wkh forvh fr0pryhphqwv ri xqhpsor|phqw
dqg wkh ghyldwlrq iurp wuhqg0dgmxvwhg surgxfwlylw|1

K|srwkhwlfdoo| rqh zrxog h{shfw xqhpsor|phqw �uvw wr ulvh dqg wkhq
surgxfwlylw| wr lpsuryh1 Krzhyhu/ xqhpsor|phqw lv vlploduo| huuru0
fruuhfwlqj wr hfp5/ zklfk vxjjhvwv wkdw wkh gdwd duh xqlqirupdwlyh derxw
wkh gluhfwlrq ri fdxvdolw|1 Qhyhuwkhohvv/ xqhpsor|phqw lv dovr vljql�0
fdqwo| d�hfwhg e| hfp4 e| d vpdoo qhjdwlyh frh!flhqw +0313:,/ l1h1 wkhuh
kdv ehhq d +vpdoo, gurs lq xqhpsor|phqw zkhq surgxfwlylw| lv deryh
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Wdeoh 8= Dq hvwlpdwhg vkruw0uxq dgmxvwphqw vwuxfwxuh iru hdfk shulrg
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lwv vwhdg|0vwdwh ohyho1 Wklv pd| eh lqwhusuhwdeoh dv hylghqfh ri d pruh
frqyhqwlrqdo h�hfw ri dq lqfuhdvh lq surgxfwlylw| rq hpsor|phqw1

Wkh h�hfw rq rxwsxw0sulfh lq dwlrq lv xqdpeljxrxv> oderu surgxf0
wlylw| lq h{fhvv ri lwv vwhdg|0vwdwh ydoxh kdv ghfuhdvhg lq dwlrq dqg wkh
lqwhuqdo sulfh zhgjh kdv qduurzhg1 Wkh sulfh zhgjh kdv dovr ghfuhdvhg
zkhq uhdo h{fkdqjh udwhv kdyh ehhq deryh wkhlu vwhdg|0vwdwh ydoxhv vxj0
jhvwlqj wkdw sur�wv/ qrw sulfhv/ kdyh dgmxvwhg lq wklv fdvh1 Wklv lv frq0
vlvwhqw zlwk wkh k|srwkhwlfdo h{sodqdwlrq lq Nuxjpdq +4<;<,1 Uhdo h{0
fkdqjh udwhv duh h{foxvlyho| dgmxvwlqj wr hfp6 +eo� ���H{R

+

nf�f�ee|,/
zklfk ghvfulehv d vwhdg|0vwdwh uhodwlrq ehwzhhq ghyldwlrqv iurp wuhqg0
dgmxvwhg uhdo h{fkdqjh udwh dqg lq dwlrq1

Ilqdoo|/ rxwsxw0sulfh lq dwlrq/ wkh sulfh zhgjh dqg xqhpsor|phqw
duh vwurqjo| d�hfwhg e| hfp7 +{R

+

� f��2� n f�H�RR,/ wkh vwdj dwlrq
uhodwlrq1 Wkh �uvw wzr dgmxvw lq dq huuru0fruuhfwlqj pdqqhu/ exw qrw
xqhpsor|phqw zklfk lv ghfuhdvlqj zkhq lq dwlrq lv deryh lwv vwhdg|0
vwdwh ydoxh/ l1h1 hylghqfh ri d vkruw0uxq Skloolsv fxuyh h�hfw1

Lq wkh pruh uhfhqw shulrg uhdo zdjhv zhuh dgmxvwlqj/ wkrxjk qrw
yhu| vwurqjo| vr/ wr hfp4 +o� n RR � f�.S^ n ��f� � f�2Seo�/ l1h wr d
uhdo frqvxphu zdjh uhodwlrq +� � R

S

� zlwk ohvv wkdq ixoo frpshqvdwlrq
iru surgxfwlylw| jdlqv +31:9, dqg zlwk vwurqj qhjdwlyh xqhpsor|phqw
h�hfwv1 Vlplodu wr wkh �uvw shulrg/ surgxfwlylw| lv vwurqjo| dgmxvwlqj
wrzdugv d vwhdg|0vwdwh wkdw lv srvlwlyho| uhodwhg wr uhdo zdjhv/ lq dwlrq
dqg xqhpsor|phqw1 Wkxv/ lq wklv shulrg hfp5 +^� f�2.o�� ����{R

+

�
f�Hf��f�ffe|�c frpelqhv hfp4 dqg hfp5 ri wkh suhylrxv shulrg1 Rxwsxw0
sulfh lq dwlrq lv g|qdplfdoo| huuru0fruuhfwlqj wr hfp6 +{R

+

n f��2RR n
f�fffbeSJ?��c dqg hfp4/ wkh uhdo zdjh uhodwlrq1 Vlplodu wr wkh �uvw
shulrg xqhpsor|phqw whqgv wr ghfuhdvh zlwk hfp5/ l1h1 lw kdv jrqh
grzq zkhq surgxfwlylw| lv deryh lwv vwhdg|0vwdwh ydoxh1 Ixuwkhupruh/
erwk lq dwlrq dqg xqhpsor|phqw duh huuru0fruuhfwlqj wrzdugv hfp7 +�n
��DS{R

+

� f�ff�HSJ?��c d wudglwlrqdo Skloolsv fxuyh uhodwlrqvkls zkhq
wkh h�hfw ri wkh lqwhuqdo sss frqyhujhqfh kdv ehhq fruuhfwhg iru1

Ilqdoo|/ uhdo h{fkdqjh udwh kdv ehhq lq xhqfhg e| doo irxu hfp*v lq dq
huuru0fruuhfwlqj pdqqhu wr wkh �uvw rqh/ dqg srvlwlyho| +kdv dssuhfldwhg,
wr wkh surgxfwlylw| dqg lq dwlrq/ lq dwlrq0xqhpsor|phqw uhodwlrqv1

< Vxppdu| uhvxowv dqg frqfoxvlrqv

Wkh zdjh0sulfh0xqhpsor|phqw g|qdplfv ri wkh vhyhqwlhv zhuh ixqgd0
phqwdoo| gl�huhqw iurp wkrvh ri wkh HPV shulrg fryhulqj wkh hljkwlhv
dqg wkh qlqhwlhv1 Wkh iruphu shulrg fdq eh fkdudfwhul}hg dv d vwdj dwlrq
uhjlph/ lq zklfk vwurqj oderu xqlrqv zhuh deoh wr hqirufh h{fhvvlyh uhdo
zdjh fodlpv1 Wkh odwwhu uhgxfhg frpshwlwlyhqhvv/ zklfk zdv uhvwruhg
e| lpsuryhphqwv lq oderu surgxfwlylw|1 Wklv djdlq zdv dfklhyhg e| od|0

66



lqj r� sduw ri wkh oderu irufh1 Xqghu wkh wkuhdwv ri idfwru| forvh0grzqv
frpshwlwlyh ghydoxdwlrqv zhuh iuhtxhqwo| xvhg dv d vkruw0uxq uhphg| iru
orvw frpshwlwlyhqhvv1 Kljkhu lpsruw sulfhv uhvxowhg lq kljkhu frqvxphu
sulfhv dqg ixuwkhu zdjh fodlpv1 Wkxv/ erwk lq dwlrq dqg xqhpsor|phqw
zhuh fr0prylqj olnh qrq0vwdwlrqdu| yduldeohv wlhg wrjhwkhu e| d vwdwlrq0
du| vwdj dwlrq uhodwlrqvkls1 Lq dwlrq lq h{fhvv ri wklv uhodwlrqvkls kdg d
qhjdwlyh h�hfw rq xqhpsor|phqw1 Wkxv/ hyhq lq wkh �uvw uhjlph wkhuh
zdv hylghqfh ri vkruw0uxq Skloolsv fxuyh h�hfwv1 Shupdqhqw vkrfnv wr
uhdo zdjhv zhuh wkh pdlq gulylqj irufh lq wklv shulrg dqg lw zdv qrw
srvvleoh wr �qg hpslulfdo hylghqfh ri d sodxvleoh uhdo zdjh uhodwlrq zlwk
htxloleulxp huuru fruuhfwlrq lq wkh uhdo zdjh htxdwlrq1 Prvw ri wkh dg0
mxvwphqw wrrn sodfh lq surgxfwlylw| +gh�qhg dv wrwdo JGS shu wrwdo
hpsor|phqw, dqg wkh hvwlpdwhg ihhg0edfn g|qdplfv vkrzhg wkdw wkh
surgxfwlylw| lpsuryhphqw zdv dfklhyhg e| surgxflqj wkh vdph rxwsxw
zlwk ohvv oderu1

Wkh vhfrqg uhjlph zdv fkdudfwhul}hg e| d vwurqj Skloolsv0fxuyh uh0
odwlrqvkls ehwzhhq wkh qrqvwdwlrqdu| lq dwlrq dqg xqhpsor|phqw udwhv
zkhq wkh wudqvlwlrq h�hfw wrzdugv d vxvwdlqdeoh sss kdg ehhq dffrxqwhg
iru1 D sodxvleoh uhdo zdjh uhodwlrq zlwk vwurqj qhjdwlyh h�hfwv iurp xq0
hpsor|phqw zdv lghqwl�hg/ zlwk vljql�fdqw htxloleulxp0huuru0 fruuhfwlrq
lq wkh uhdo zdjh htxdwlrq1 Vlplodu wr wkh �uvw shulrg surgxfwlylw| zdv
srvlwlyho| uhodwhg wr uhdo zdjhv dqg rxwsxw sulfhv zlwk vwurqj huuru0
fruuhfwlrq dgmxvwphqw1

Wkxv/ wkh �uvw uhjlph vhhpv wr eh d vwru| derxw vwurqj oderu xqlrqv/
uljlg lqvwlwxwlrqv/ surgxfwlylw| dgmxvwphqw/ ghydoxdwlrqv dqg uhdoljq0
phqwv/ qrw dv d fxuh exw dv d phdqv wr klgh wkh v|pswrpv ri wkh loo0
qhvv1 Lq wkh vhfrqg uhjlph wkh vwru| lv derxw lqfuhdvlqjo| zhdn oderu
xqlrqv/ odujh0vfdoh oderu od|r�v/ dqg surgxfwlylw| dgmxvwphqw1 H{fhvvlyh
uhdo zdjh fodlpv vhhphg wr kdyh fdxvhg erwk sulfh lq dwlrq dqg xqhp0
sor|phqw lq wkh �uvw shulrg/ exw iruhprvw xqhpsor|phqw dqg ghfolqlqj
lq dwlrq lq wkh vhfrqg shulrg1

Zk| duh wkh vwrulhv vr gl�huhqwB L kdyh dujxhg wkdw wkh kljk dqg
shuvlvwhqw xqhpsor|phqw udwhv dqg wkh orz lq dwlrq udwhv diwhu �{lqj
wkh lqwud0Hxurshdq h{fkdqjh udwhv lq 4<;6 duh uhodwhg wr wkh yhu| vorz
dgmxvwphqw wrzdugv vxvwdlqdeoh ohyhov ri uhdo h{fkdqjh udwhv dv d uhvxow
ri grzqzdug sulfh uljlglwlhv1 Wkxv/ wkh vdph rxwsxw zdv surgxfhg zlwk
ohvv oderu h{sodlqlqj erwk wkh vr fdoohg Hxurshdq surgxfwlylw| vorz0grzq
dqg wkh kljk ohyhov ri xqhpsor|phqw udwh ri wklv shulrg1

Frqfoxvlrq 4< Wklv srlqwv wr wkh fuxfldo lpsruwdqfh ri ehlqj rq d vxv0
wdlqdeoh sss ohyho zkhq �{lqj wkh h{fkdqjh udwhv1
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43 Uhihuhqfhv

Eodqfkdug/ R1 +4<<;,/ *Hxurshdq xqhpsor|phqw1 Vkrfnv dqg lqvwlwx0
wlrqv*1 PLW1 Sdshu suhsduhg iru wkh Ed! ohfwxuh/ Urph1

Eodqfkdug/ R1 +5333d,/ *Vkrfnv/ idfwru sulfhv/ dqg xqhpsor|phqw*
Ohfwxuh 4/ Olrqho Ureelqv Ohfwxuhv/ OVH1

Eodqfkdug/ R1 +5333e,/ *Uhqwv/ surgxfw/ dqg oderu pdunhw uhjxodwlrq
dqg xqhpsor|phqw* Ohfwxuh 5/ Olrqho Ureelqv Ohfwxuhv/ OVH1

Eodqfkdug/ R1 +5333f,/ *Hpsor|phqw/ surwhfwlrq/ vfohurvlv/ dqg wkh
h�hfw ri vkrfnv rq xqhpsor|phqw* Ohfwxuh 6/ Olrqho Ureelqv Ohfwxuhv/
OVH1

Grruqln/ M1D1 dqg Khqgu|/ G1I1 +4<<;,/ JlyhZlq1 Dq lqwhuidfh wr
hpslulfdo prghoolqj/ Wlpehuodnh Frqvxowdqwv1

Gxudqg/ P/ Vlprq/ M/ dqg Zhee/ F1 +4<<5,/ *RHFG*v lqglfdwruv ri
lqwhuqdwlrqdo wudgh dqg frpshwlwlyhqhvv* Hfrqrplfv Ihsduwphqw/ Zrun0
lqj sdshuv Qr1453/ RHFG/ Sdulv1

Kdqvhq/ K1 dqg Mrkdqvhq/ V +4<<<,/ � Vrph whvwv iru sdudphwhu frq0
vwdqf| lq frlqwhjudwhg YDU0prghov� Wkh Hfrqrphwulf Mrxuqdo/ Yro1 51
Qr1 51

Idjdq/ J1/ Khqu|/ M1 dqg Phvwuh/ U1 +5334, *Dq duhd0zlgh prgho
+DZP, iru wkh hxur duhd/ HFE Zrunlqj Sdshu Qr1 751

Mxvholxv/ N1 +4<<<,/ *Hfrqrplf Dvshfwv ri Mrlqlqj wkh HPX= Uh hf0
wlrqv diwhu wkh Gdqlvk Qr$*/ kwws=22zzz1hfrq1nx1gn2rnrnm2

Mrkdqvhq/ V1 dqg Mxvholxv/ N1 +4<<5,/ *Whvwlqj vwuxfwxudo k|srwkhvhv
lq d pxowlyduldwh frlqwhjudwlrq dqdo|vlv ri wkh ��� dqg wkh XLS iru
XN*/ Mrxuqdo ri Hfrqrphwulfv 86/ 54405771

Mrkdqvhq/ V1 dqg Mxvholxv/ N1 +4<<7,/ �Lghqwl�fdwlrq ri wkh orqj0
uxq dqg wkh vkruw0uxq vwuxfwxuh/ Dq dssolfdwlrq wr wkh LVOP prgho/�
Mrxuqdo ri Hfrqrphwulfv/ 96/ :0691

Mxvholxv/ N1 dqg Urqdog PfGrqdog +5333d, *Wkh Lqwhuqdwlrqdo Sdul0
wlhv Ehwzhhq XVD dqg Jhupdq|*/ Vxeplwwhg iru sxeolfdwlrq1
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44 Dsshqgl{= Gdwd

1970 1980 1990 2000

0.00

0.02

0.04

Wage inflation

1970 1980 1990 2000

0.01

0.02

0.03
 GDP price inflation

1970 1980 1990 2000

0.01

0.02

0.03

Consumer price inflation

1970 1980 1990 2000

-0.01

0.00

0.01

0.02

0.03
Real  w age growth rates

Iljxuh D141 Judskv ri qrplqdo zdjh dqg sulfh jurzwkv dqg uhdo zdjh
jurzwk1

1970 1975 1980 1985 1990 1995 2000

-0.50

-0.25

0.00
Real wages

1970 1975 1980 1985 1990 1995 2000

-0.02

0.00

Price wedge  (Py-Pc)

1970 1975 1980 1985 1990 1995 2000

-0.5

0.0
Real exchange rates (E-P+P*)

Iljxuh D151 Judskv ri uhdo zdjhv/ wkh lqwhuqdo sulfh zhgjh/ dqg wkh
h{whuqdo sulfh zhgjh1
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1970 1975 1980 1985 1990 1995 2000

11.575

11.600

11.625

11.650

11.675

Real GDP

Total employment

1970 1975 1980 1985 1990 1995 2000

11.60

11.65

11.70

11.75
Unemployment rate

Labor force

Iljxuh D161 Judskv ri wrwdo hpsor|phqw dqg uhdo JGS +xsshu sdqho,
dqg wkh xqhpso|phqw udwh dqg wkh oderu irufh +orzhu sdqho,1

1970 1975 1980 1985 1990 1995 2000

-0.050

-0.025

0.000

0.025

0.050
Trend-adjusted real GDP

Trend-adjusted labor productivity

1970 1975 1980 1985 1990 1995 2000

-0.02

0.00

0.02

0.04 Trend-adjusted employment

Trend-adjusted labor force

Iljxuh D171 Judskv ri wuhqg0dgmxvwhg uhdo JGS dqg wuhqg0dgmxvwhg
oderu surgxfwlylw| +xsshu sdqho, dqg wuhqg0dgmxvwhg hpsor|phqw dqg

wuhqg0dgmxvwhg hpsor|phqw +orzhu sdqho,1
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