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Abstract 
 
This paper aims to examine to what extent a “ladder” e.ect may contribute to explain changes in unemployment 

-skilled workers who do not find a job that matches their skills, 
accept jobs that were previously occupied by less qualified staff. We develop a dynamic general equilibrium 
model. The model is then calibrated for the Spanish economy. Our results replicate the observed decline in the 
ratio of high to low-skilled vacancies, and explain how firms substitute high for low-skilled employment. These 
results also suggest that in the Spanish case, ladder e.ect can be better explained by increases in training costs 
interpreted as a biased-shock against low-skilled workers. 
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4 Lqwurgxfwlrq

Vlqfh wkh odvw vhyhqwlhv/ wkhuh kdv ehhq d uhgxfwlrq lq wkh ghpdqg iru orz0vnloohg uhodwlyh
wr kljko| vnloohg zrunhuv lq pdq| lqgxvwuldolvhg frxqwulhv +vhh RHFG +4<<7,,1 Wklv
skhqrphqrq lv xvxdoo| dffrpsdqlhg e| d ghwhulrudwlrq ri hfrqrplf frqglwlrqv ri orz�
vnloohg zrunhuv1 Lq Hxursh/ wklv sureohp kdv pdqlihvwhg lwvhoi lq d odujh lqfuhdvh lq
wkh xqhpsor|phqw udwh wrjhwkhu zlwk dq lqfuhdvh lq wkh gxudwlrq ri xqhpsor|phqw iru
orz�vnloohg uhodwlyh wr kljko| vnloohg zrunhuv +Guë}h dqg Vqhhvvhqv +4<<:,,1 Lq wkh XV
dqg XN/ wklv skhqrphqrq lv dvvrfldwhg zlwk juhdwhu zdjh lqhtxdolw| dfurvv vnloo jurxsv
+vhh Nuxjpdq +4<<7,,1 Lw lv dovr jhqhudoo| revhuyhg wkdw pdq| zrunhuv lq Hxursh kdyh
rewdlqhg kljk ohyhov ri hgxfdwlrq1 Wklv odwwhu skhqrphqrq kdv ohg wr d vwuxfwxudo fkdqjh
lq wkh frpsrvlwlrq ri wkh oderxu irufh/ zklfk kdv hvvhqwldoo| wdnhq sodfh iru qhz hqwudqwv
lq wkh oderxu pdunhw +vhh Urelqvrq dqg Pdqdfrugd +4<<:,,1

Wkh odujh lqfuhdvhv lq orz0vnloohg xqhpsor|phqw udwhv lq wkh HX frxqwulhv pd| eh h{0
sodlqhg lq gl�huhqw zd|v1 Rqh vwdqgdug h{sodqdwlrq lv �vnloo plvpdwfk� uhvxowlqj iurp uho0
dwlyh zdjh uljlglwlhv lq wkh idfh ri eldvhg whfkqrorjlfdo vkrfn1 Dqrwkhu h{sodqdwlrq dulvhv
iurp mre frpshwlwlrq ehwzhhq kljko| dqg orz0vnloohg zrunhuv= e| dsso|lqj wr orz0vnloohg
mrev/ kljko| vnloohg zrunhuv pdqdjh wr lqfuhdvh wkhlu suredelolw| wr jhw d mre glvsodf0
lqj orz0vnloohg rqhv0 wkh vr0fdoohg �odgghu h�hfw�1 Ilupv pd| zlvk wr kluh kljko| vnloohg
zrunhuv iru orz0vnloohg mrev/ iru lqvwdqfh/ wr dyrlg wudlqlqj frvw +vhh Wkxurz +4<:8,,/ ru
ehfdxvh wkh| kdyh d kljk surgxfwlylw| +vhh Jdxwlhu +4<<<,,1 Wkh idfw wkdw kljko| vnloohg
zrunhuv pd| rffxs| orz0vnloohg srvlwlrqv kdv ehhq grfxphqwhg lq vhyhudo frxqwulhv +vhh
Ydq Rxuv dqg Ulgghu +4<<8,/ dqg Px|vnhq dqg Whu Zhho +4<<;,/ iru wkh Qhwkhuodqgv/
dqg Juhhq hw do1 +4<<<,/ iru wkh XN,1

Wklv h{sodqdwlrq lv sduwlfxoduo| uhohydqw iru Vsdlq zkhuh wkh sursruwlrq ri hgxfdwhg
zrunhuv kdv vkduso| lqfuhdvhg diwhu 4<;3 +vhh Jdufðd Prqwdoyr +4<<8,/ dqg Eodqfr +4<<:,,1
Vshfl�fdoo| lw lqfuhdvhv pruh iurp plggoh ri wkh 4<;3*v wkdq ehiruh1 Iru lqvwdqfh/ HSD
+Vsdqlvk Oderxu Srsxodwlrq Vxuyh|, gdwd vkrzv wkdw lq 4<;; rqo| 4:16( ri wkh oderxu
irufh dwwdlqhg xsshu�vhfrqgdu| vfkrrolqj dqg 5;17( lq 4<<914 Lq Wdeoh 4/ zh fdwhjrulvh
hpsor|phqw dqg xqhpsor|phqw udwhv lqwr hgxfdwlrqdo dqg rffxsdwlrqdo fdwhjrulhv1 Wkh
Wdeoh vkrzv wkdw wkh udwlr ri wkh kljko| wr orz�vnloohg oderxu irufh dyhudjhv derxw 63(
dqg wkdw lw urvh frqvlghudeo| gxulqj wkh shulrg 4<;;04<<91 Dw wkh vdph wlph/ wkh xq0
hpsor|phqw udwh ri wkh orz�vnloohg zrunhuv urvh wrr1 Iru lqvwdqfh/ loolwhudwh zrunhuv dqg
wkrvh zlwk sulpdu| dqg orz0vhfrqgdu| vfkrrolqj kdyh h{shulhqfhg d pdunhg lqfuhdvh lq
xqhpsor|phqw udwhv +iurp 4<( lq 4<;; xs wr 56( lq 4<<9,1 Lq wkh vdph shulrg/ wkh
sursruwlrq ri orz0vnloohg mrev �oohg e| kljko| vnloohg zrunhuv urvh iurp <1;( lq 4<;; wr
4814( lq 4<<915

Doed0Udpluh} +4<<6,/ �qgv wkdw Vsdqlvk kljko| vnloohg zrunhuv rq orz0vnloohg mrev duh

4Pruh lqirupdwlrq derxw frpsrvlwlrq ri wkh oderxu irufh e| hgxfdwlrq lq dsshqgl{ D1
5Zh kdyh dqdo|vhg wkhvh sursruwlrqv iru wkh zkroh ri wkh hfrqrp|1 Dowkrxjk wkh odgghu h�hfw lv

uhohydqw lq doo jurxsv ri zrunhuv/ lw vhhpv wr kdyh d vwurqjhu lpsruwdqfh lq zrphq dqg |rxqj zrunhuv

wkdq lq dprqj roghu phq1
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pdlqo| |rxqj vnloohg zrunhuv/ zlwkrxw h{shulhqfh/ zkr qhhg d �uvw mre lq rughu wr rewdlq
rq0wkh0mre wudlqlqj1 Diwhu vrph wlph/ wkh| ehfrph wkh pdlq mre wxuqryhu jurxs/ zklfk
lpsolhv wkh| pryh lqwr mrev wkdw uhtxluh kljkhu hgxfdwlrqdo ohyhov wkdq wkhlu ruljlqdo rqhv1
Jdufðd0Vhuudqr dqg Pdor +4<<9,/ dqdo|vh wkh vxevwlwxwdelolw| ehwzhhq hgxfdwlrq dqg rq0
wkh0mre wudlqlqj1 Wkh| frqfoxgh wkdw Vsdqlvk �upv kluh kljko| vnloohg zrunhuv wr uhgxfh
lqyhvwphqw lq vshfl�f kxpdq fdslwdo irupdwlrq1 Ehqhlwr hw do1 +4<<9,/ dovr frqfoxgh wkdw
lq Vsdlq hgxfdwlrq lv d vxevwlwxwh iru rq0wkh0mre wudlqlqj/ dqg vxjjhvw wkdw wklv idfw lv d
vrxufh ri lqh!flhqf| lq wkh doorfdwlrq ri uhvrxufhv e| jhqhudwlqj ryhuhgxfdwlrq*16

Wkh dlp ri wklv sdshu lv wr h{dplqh wr zkdw h{whqw d odgghu h�hfw pd| frqwulexwh
wr h{sodlq fkdqjhv lq wkh xqhpsor|phqw udwh dqg xqhpsor|phqw gl�huhqfhv dfurvv vnloo
jurxsv lq Vsdlq1 Wr wklv dlp/ zh ghyhors dq lqwhuwhpsrudo jhqhudo htxloleulxp prgho
zlwk wzr w|shv ri zrunhuv +kljko| dqg orz0vnloohg,, dqg wzr w|shv ri mrev1 Zh glvwlqjxlvk
wzr nlqgv ri vkrfnv= +l, d ghpdqg vkrfn dqg +ll, d vxsso| vkrfn1 Wkh �uvw fdvh/ d jhqhudo
wudlqlqj vkrfn/ fdq eh lqwhusuhwhg dv d vnloo0eldvhg whfkqrorjlfdo vkrfn djdlqvw orz0vnloohg
zrunhuv dv zhoo dv d vxsso| vkrfn1 Surgxfwlrq whfkqrorj| lv vxfk wkdw kljko| vnloohg mrev
fdq eh �oohg rqo| e| hgxfdwhg zrunhuv/ zkloh orz�vnloohg mrev pd| eh �oohg e| erwk w|shv
ri zrunhuv1 Iroorzlqj Slvvdulghv +5333,/ zh dvvxph wkdw wudgh lq wkh oderxu pdunhw lv
uhsuhvhqwhg e| d pdwfklqj surfhvv zlwk d Qdvk zdjh edujdlq1 Wkhuh duh wkuhh pdwfklqj
ixqfwlrqv 7 iru hdfk vruw ri hpsor|phqw1 Kljko| vnloohg zrunhuv orrn iru kljko| vnloohg
mrev/ exw li wkh| gr qrw �qg wkhp/ wkh| orrn iru orz0vnloohg mrev dv d whpsrudu| vwrs jds1

Zh �qg wkdw wkh �odgghu h�hfw� lqfuhdvhv diwhu hdfk vkrfn1 Krzhyhu/ hpsor|phqw dqg
ydfdqflhv yduldeohv kdyh qrw wkh vdph lpsruwdqfh dqg hyroxwlrq idflqj hdfk vkrfn1 Wkh
prgho fdq uhsolfdwh wkh revhuyhg ghfolqh lq wkh udwlr ri kljko| wr orz�vnloohg ydfdqf| udwhv1
Wklv ghfolqh lv ehvw h{sodlqhg e| d ghfuhdvh lq erwk w|shv ri ydfdqflhv/ dv surgxfhg e| d
wudlqlqj frvw fkdqjh1 Pruhryhu/ wkh hyroxwlrq ri wkh ghfuhdvh lq orz0vnloohg hpsor|phqw
lv ehwwhu uhsurgxfhg e| lqwurgxflqj wudlqlqj frvw fkdqjhv wkdq kljko| vnloohg oderxu irufh
fkdqjhv1

Wkh vhfrqg vhfwlrq suhvhqwv wkh prgho/ vkrzlqj wkh vshfl�f flufxpvwdqfhv wkdw jhq0
hudwh d odgghu h�hfw1 Wkh wklug vhfwlrq ghvfulehv wkh gdwd dqg rxu fdoleudwlrq surfhgxuh1
Wkh iruwk vhfwlrq dqdo|vhv wkh uhvsrqvh ri vrph nh| yduldeohv wr +l, wkh lqwurgxfwlrq ri d
wudlqlqj frvw iru orz0vnloohg zrunhuv dqg +ll, dq lqfuhdvh lq wkh uhodwlyh vl}h ri wkh kljko|
vnloohg oderxu irufh1 Zh hydoxdwh wkh lpsolfdwlrqv ri wkhvh vkrfnv rq wkh prgho vwhdg|
vwdwh/ wkhuhe| hqdeolqj xv wr shuirup frpsdudwlyh vwdwlf h{huflvhv1 Zh vwxg| wudqvlwlrqdo
g|qdplfv1 Wkh odvw vhfwlrq r�huv vrph frqfoxglqj uhpdunv1

6Wkhvh vwxglhv xvh gl�huhqw gdwd vxuyh|v dqg hvwlpdwlrq phwkrgv1
7Grodgr hw do1 +5333,/ exlog d pdwfklqj prgho forvho| uhodwhg wr rxu dssurdfk1 Wkhlu uhvxowv irfxv

rq wkh |rxwk ryhuhgxfdwlrq lq Vsdlq1 Wkhlu prgho h{rjhqrxvo| vhw wkh zdjhv phfkdqlvp zkhuhdv rxu

prgho vhwv zdjhv lq d Qdvk edujdlqlqj surfhvv1 Wklv lv lpsruwdqw lq whupv ri srvwlqj ydfdqflhv dqg lq

wkh hyroxwlrq ri hqgrjhqrxv suredelolwlhv1
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5 D prgho ri wkh odgghu h�hfw

514 Wudgh lq wkh oderxu pdunhw

Zh frqvlghu dq hfrqrp| zlwk ri wzr w|shv ri zrunhuv= kljko| vnloohg dqg orz�vnloohg1
Kljko| vnloohg zrunhuv fdq shuirup orz�vnloohg mrev/ zkhuhdv orz�vnloohg zrunhuv duh xq0
surgxfwlyh lq kljko| vnloohg mrev1 Lq hdfk shulrg wkhuh duh u� kljko| vnloohg zrunhuv dqg
u, orz�vnloohg zrunhuv1 u� dqg u, duh h{rjhqrxv1 Ehfdxvh �upv revhuyh wkh zrunhuv* vnloo
ohyho/ orz�vnloohg zrunhuv fdq rqo| dsso| wr orz�vnloohg mrev1 Kljko| vnloohg zrunhuv fdq
dsso| wr erwk w|shv ri mrev1 Wklv fuhdwhv dq dv|pphwu| dprqj zrunhuv shuwdlqlqj wr
wkh frpshwlwlrq ehwzhhq kljko| dqg orz�vnloohg zrunhuv rq wkh orz�vnloohg mre pdunhwv/
zklfk lv wkh vrxufh ri wkh odgghu h�hfw1 Dowkrxjk wkhuh duh qr gl�huhqfhv lq whupv ri
surgxfwlylw| ehwzhhq kljko| dqg orz0vnloohg zrunhuv zkhq zrunlqj rq d orz�vnloohg mre/
�upv fdq lqfxu lqwr d jhqhudo wudlqlqj frvw zkhqhyhu wkh| kluh orz�vnloohg zrunhuv1

Doo yduldeohv T �
�c|/ L

�
�c|/ �

�
�c| dqg M�

�c| zkhuh �c � 5 i�c ,j duh udwlrv glylghg e| wkhlu
fruuhvsrqglqj oderxu irufh1 Ohw ��

�c| ghqrwh wkh sursruwlrq ri kljko| vnloohg zrunhuv

zrunlqj dv kljko| vnloohg/ ��
,c| ghqrwh wkh sursruwlrq ri kljko| vnloohg zrunhuv zrunlqj dv

orz0vnloohg/ dqg L�
| ghqrwh wkh kljko| vnloohg xqhpsor|phqw udwh1 Zh kdyh

��
�c| n��

,c| n L�
| ' ��

Olnhzlvh/ ghqrwh � ,
| dqg L ,

| wkh sursruwlrq ri orz�vnloohg zrunlqj dqg xqhpsor|hg1 Zh
kdyh

� ,
| n L ,

| ' ��

Iroorzlqj Slvvdulghv +5333,/ zh dvvxph wkdw wudgh lq wkh oderxu pdunhw lv dq xqfrrugl0
qdwhg dqg frvwo| dfwlylw|1 Zkhqhyhu d �up srvwv ydfdqflhv rqo| d iudfwlrq ri hdfk ri wkhp
zloo eh �oohg � T �

�c| dqg T ,
�c| ydfdqflhv udwh kljko| vnloohg dqg orz0vnloohg mrev uhvshfwlyho|1

Zh wdnh d frqvwdqw uhwxuqv wr vfdoh wkh Free0Grxjodv pdwfklqj ixqfwlrq uhodwlqj wkh
qxpehu ri pdwfkhv wr wkh qxpehu ri ydfdqflhv dqg wkh qxpehu ri mre vhhnhuv1

Zh dvvxph wkdw kljk0vnloohg zrunhuv1 Wklv jurxs fdq �oo kljko| vnloohg mrev ru orz0
vnloohg mrev1 Dqg orz0vnloo hgxfdwhg zrunhuv fdq �oo rqo| wkh uhvw ri orz0mrev qrw �oohg e|
kljko| vnloohg zrunhuv1

Zh glvwlqjxlvk wzr pdwfklqj ixqfwlrqv wr �oo orz0vnloohg mrev= zrunhuv zlwk pruh
hgxfdwlrq wdnh �uvw orz0vnloohg ydfdqflhv1 Zh dvvxph wkdw wkh h!flhqf| pdwfklqj idfwruv
ri kljko| vnloohg zrunhuv zloo eh odujhu wkdq wkh h!flhqf| pdwfklqj idfwru ri orz0vnloohg
zrunhuv1

Ohw xv qrz eh pruh suhflvh rq wkh wlplqj ri hyhqwv/ dqg �uvw frqvlghu kljko| vnloohg
zrunhuv1 D jlyhq kljko| vnloohg lqglylgxdo �uvw orrnv iru d kljko| vnloohg mre/ vxfk wkdw
M�

�c| � M�
�

�
T �
| c L

�
| n��

,c|

�
duh iruphg lq shulrg |1 Lpsolflw lq wklv irupxodwlrq lv wkh idfw

wkdw mre vhhnhuv duh frpsrvhg ri kljko| vnloohg zrunhuv zkr gr qrw zrun lq kljko| vnloohg
mrev lq shulrg |1

Zkhq wkh kljko| vnloohg mre vhhnhu grhv qrw pdwfk zlwk d �up lq shulrg |/ vkh jrhv
rq wkh orz�vnloohg oderxu pdunhw dqg dwwhpswv wr jhw d pdwfk dv d orz�vnloohg zrunhu1
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Wkhq/M�
,c| � M�

,

�
T ,
| u

,*u�c ����
�c|n�

�
duh iruphg rq wklv pdunhw1 Wkh ohyho ri orz�vnloohg

ydfdqflhv srvwhg e| �upv kdv wr eh dgmxvwhg iru wkh uhodwlyh vl}h ri wkh wzr srsxodwlrqv/
lq rughu wr suhvhuyh wkh devhqfh ri vl}h h�hfwv lq wkh pdwfklqj surfhvv1

Ilqdoo|/ orz�vnloohg zrunhuv fdq eh hpsor|hg rq d orz�vnloohg mre � qrw douhdg|
rffxslhg e| kljko| vnloohg zrunhuv � vxfk wkdw wkh ohyho ri klulqjv iru wkh orz�vnloohg lv
M ,

| � M ,
�
T ,
| �M�

,c|u
�*u,c L ,

|

�
/ zkhuh rqo| wkrvh ydfdqflhv qrw �oohg e| wkh kljko| vnloohg

zrunhuv uhpdlq dydlodeoh wr wkh orz�vnloohg zrunhuv1 Olnh wkh suhylrxv fdvh/ wkh udwlr
u�*u, dgmxvwv iru wkh gl�huhqw vl}hv ri hdfk jurxs1

Lw lv zruwk qrwlqj wkdw/ dv lq Slvvdulghv +5333,/ hdfk pdwfklqj ixqfwlrq rqo| ghshqgv
rq djjuhjdwh txdqwlwlhv/ wkxv uh hfwlqj wkh idfw wkdw �upv dqg mre vhhnhuv kdyh qr frqwuro
rq wkh pdwfklqj surfhvv1 Wklv dvvxpswlrq uh hfwv wkh h{lvwhqfh ri wkh wudglwlrqdo srvlwlyh
wudgh h{whuqdolwlhv dqg frqjhvwlrq h�hfwv/ dvvrfldwhg zlwk wkh pdwfklqj surfhvv1 Wkh
hyroxwlrq ri wkh ohyho ri hdfk w|sh ri hpsor|phqw lv wkhuhiruh jlyhq e|=

��
�c|n� ' M�

�c| n E�� r���
�c| +4,

��
,c|n� ' M�

,c| +5,

� ,
|n� ' M ,

| n E�� >�� ,
| +6,

zkhuh rc > 5 Efc �� ghqrwh wkh frqvwdqw h{rjhqrxv vhsdudwlrq udwhv iru hdfk w|sh ri hp0
sor|phqw1 Wkh vhfrqg odz ri prwlrq +htxdwlrq +5,, uhsuhvhqwv wkh idfw wkdw kljko| vnloohg
zrunhuv gr qrw rffxs| d orz�vnloohg mre iru pruh wkdq rqh shulrg/ exw udwkhu jr edfn rq
wkh vhdufk1 Zh fdq lqwhusuhw lw dv d whpsrudu| mre iru kljko| vnloohg zrunhuv/ zklfk lv
frqvlvwhqw zlwk wkh kljk wxuqryhu udwh iru wklv jurxs ri zrunhuv1 Vlqfh 4<;7/ lq Vsdlq rqh
wklug ri wkh ohyho ri xqhpsor|phqw frphv iurp whpsrudu| mrev18

R��c| lv wkh suredelolw| wkdw d kljko| vnloohg xqhpsor|hg zrunhu zloo eh hpsor|hg lq

d kljko| vnloohg mre lq wkh qh{w shulrg> R�,c| lv wkh suredelolw| wkdw d kljko| vnloohg xq0

hpsor|hg zrunhu zloo eh hpsor|hg lq d orz0vnloohg mre> dqg R,| lv wkh suredelolw| wkdw d
orz0vnloohg xqhpsor|hg zrunhu zloo eh hpsor|hg lq d orz0vnloohg mre lq wkh qh{w shulrg1
Wkxv=

R��c| '
M�

�c|

L�
| n��

,c|

/ R�,c| '
M�

,c|

��M�
�c| � E�� r���

�c|

dqg R,| '
M ,

|

L ,
|

� +7,

Lq Iljxuh +BB, zh fdq revhuyh  rzv lq dqg rxw ri hpsor|phqw1 Ehorz zh h{suhvv wkh
xqhpsor|phqw g|qdplf wr h{sodlq wkh hyroxwlrq lq erwk oderxu pdunhwv=

L�
|n� ' ��M�

�c| �M�
,c| � E�� r���

�c|

L ,
|n� ' ��M ,

| � E�� >�� ,
| �

8Zh kdyh fkhfnhg wkdw wkh wrwdo ghvwuxfwlrq udwh lv frqvlvwhqw zlwk rxu fdoleudwlrq ri vhsdudwlrq udwh

ri kljko| vnloohg zrunhuv lq d orz0vnloohg mre1 Iru pruh ghwdlov vhh Vhfwlrq 6151
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4<;; 4<<3 4<<5 4<<7 4<<9

kljk0vn1 hps1 dv kljk0vnloohg1 +��
� , 691< 6<1: 7315 7418 7816

kljk0vn1 hps1 dv orz0vnloohg1+��
, , 7516 7813 7619 6918 6719

kljk0vn1 xqhpsor|phqw +L�, 5319 4815 4914 541< 5313

orz0vn1 hps1 dv orz0vnloohg1+� ,, ;31: ;617 ;31< :813 :91<

orz0vn1 xqhpsor|phqw +L ,, 4<15 4918 4<13 571< 5613

udw1 kljk ry1 orz0vnloohg1 srsxo1 +u�*u,, 531; 5719 5;16 6618 6<18

odgghu h�hf1 lqg1 +��
, u

�*E��
, u

� n� ,u,�, <1; 441: 4615 4713 4814

Vrxufh= Rzq fdofxodwlrqv iurp HSD gdwd1 Wkh vxshuvfulsw ghqrwhv wkh hgxfdwlrq= kljk0vnloohg +k, dqg

orz0vnloohg +o,1 Wkh vxevfulsw lqglfdwhv wkh rffxsdwlrq1 Hgxfdwlrq=k@vxshulru dqg xsshu vhfrqgdu|

dqg o@orz vhfrqgdu|/ sulpdu| dqg zlwkrxw vwxglhv1 Rffxsdwlrq k@udqjh 406 lq HSD fodvvl�fdwlrq +vhh

dsshqgl{ E, dqg o@udqjh 3 dqg udqjh 7 wr < iurp HSD fodvvl�fdwlrq1

Wdeoh 4= Oderxu udwhv e| hgxfdwlrq0rffxsdwlrq +(,

Low skilled
Unemployed
Workers (Ul)

Nl

Highly skilled
Unemployed
Workers (Uh)

s phh phl 1 pl

High vacancy
jobs

Nhh

Low vacancy jobs

Nhl

Iljxuh 4= Iorzv lq dqg rxw ri hpsor|phqw

8



515 Ilupv

Zh dvvxph d frqwlqxxp ri �upv zlwk phdvxuh rqh1 Lq hdfk shulrg/ wkh �|� �up kdv
dffhvv wr d frqvwdqw uhwxuqv wr vfdoh whfkqrorj| uhsuhvhqwhg e| wkh iroorzlqj surgxfwlrq
ixqfwlrq=

t�c| ' �gk
�c|Eu

���
�c�c|�

w
�
u���

,c�c| n u,� ,
�c|

��3k3w
+8,

zkhuh g�c| lv wkh ohyho ri sk|vlfdo fdslwdo/ ��
�c�c| lv wkh kljko| vnloohg hpsor|phqw udwh

lq kljk0vnloohg mrev/ ��
,c�c| lv wkh orz�vnloohg hpsor|phqw udwh lq orz vnloohg mrev dqg

� ,
�c| lv wkh hpsor|phqw udwh ri orz0vnloohg zrunhuv lq orz0vnloohg mrev1 Zh dvvxph wkhuh

lv shuihfw vxevwlwxwlrq lq whupv ri surgxfwlylw| ehwzhhq orz0vnloohg zrunhuv dqg kljko|
vnloohg zrunhuv lq rughu wr �oo d orz0vnloohg mre1 Wkh ydoxh ri � lv d srvlwlyh frqvwdqw wkdw
uhsuhvhqwv wkh ohyho ri wrwdo idfwru surgxfwlylw|1 Ilqdoo|/ kc w 5 Efc �� uhvshfwlyho| ghqrwh
wkh hodvwlflw| ri rxwsxw zlwk uhjdugv wr sk|vlfdo fdslwdo dqg kljko| vnloohg hpsor|phqw1

Hdfk shulrg/ wkh �up lqyhvwv d ohyho U�c| wr irup fdslwdo wkdw vwdqgdugo| dffxpxodwhv
dv=

g�c|n� ' U�c| n E�� B�g�c| +9,

zkhuh B 5 Efc �� lv wkh frqvwdqw ghsuhfldwlrq udwh1 Lw dovr srvwv ydfdqflhv1 T �
�c| dqg T ,

�c| duh
ydfdqflhv udwhv iru uhvshfwlyho| kljko| dqg orz�vnloohg mrev/ dqg wkh �up lqfxuv d olqhdu
frvw �� dqg �, shu srvwhg ydfdqf|1 Wkhvh ydfdqflhv ghwhuplqh wkh hpsor|phqw wkdw zloo
eh xvhg lq wkh iroorzlqj shulrg1 Wkh odz ri prwlrq ri hdfk w|sh ri hpsor|phqw duh jlyhq
e|=

��
�c�c|n� ' ^��c|T

�
�c| n E�� r���

�c�c| +:,

��
,c�c|n� ' ^�,c|T

,
�c|

u,

u�
+;,

� ,
�c|n� ' ^,|

�
�� ^�,c|

�
T ,
�c| n E�� >�� ,

�c| +<,

zkhuh ^��c|c lv wkh suredelolw| ri �oolqj kljko| vnloohg ydfdqflhv/ ^�,c|c lv wkh suredelolw| ri

�oolqj d orz�vnloohg ydfdqf| zlwk d kljko| vnloohg lqglylgxdo dqg ^,|/ lv wkh suredelolw| ri
�oolqj d orz�vnloohg ydfdqf| zlwk d orz�vnloohg zrunhu1 Wkhvh suredelolwlhv duh wkxv jlyhq
e|

^��c| '
M�

�c|

T �
|

/ ^�,c| '
M�

,c|

T ,
|

u�

u,
dqg ^,| '

M ,
|

T ,
| �M�

,c|u
�*u,

� +43,

Lw lv zruwk qrwlqj wkdw wkhvh suredelolwlhv duh ghwhuplqhg e| djjuhjdwh txdqwlwlhv dqg
wkxv uh hfw wkh wudgh h{whuqdolwlhv lpsolhg e| wkh vhdufk surfhvv1 ��

�c|c �
�
,c| dqg �,

| duh
wkh edujdlqhg zdjhv1 Dqg �qdoo|/ zkhq klulqj d orz�vnloohg zrunhu/ wkh �up kdv wr wudlq
khu dqg wkhuhiruh lqfxuv d sursruwlrqdo frvw y shu klulqj1 Zh vxssrvh wkdw d orz0vnloohg
zrunhu qhhgv wudlqlqj zkhq vkh lv kluhg lq d qhz �up/ +l1h1 lw fdq ohdg wr d fkdqjh lq
whfkqrorj|,1 Zh dovr vxssrvh wkdw d kljko|0vnloohg zrunhu kdv dq h{rjhqrxv jhqhudo vnloo
iurp khu hgxfdwlrq/ zklfk dyrlgv wklv wudlqlqj frvw1

9



Wkh shulrg | lqvwdqwdqhrxv sur�w fdq eh h{suhvvhg dv9

��c| ' t�c| � ��
�c|�

�
�c�c|u

� � ��
,c|�

�
,c�c|u

� � �,
|�

,
�c|u

, +44,

�U�c| � /�T
�
�c|u

� � /,T
,
�c|u

, � yM ,
|u

,

Hdfk �up � ghwhuplqhv lwv idfwru ghpdqg dqg lqyhvwphqw sodq� erwk rq wkh jrrg
dqg wkh oderxu pdunhw � pd{lplvlqj lwv pdunhw ydoxh=:

CE78
�cf� '

"[
|'f

U|��c|

vxemhfw wr +8,�+44, zkhuh CE78
�cf� ghqrwhv wkh ydoxh ri �up U| '

T|

�'fE� n o��
3� dqg

o| lv wkh uhdo lqwhuhvw udwh1 Ilqdoo|/ wkh vhw ri hdfk �up*v vwdwh yduldeohv lv 78
�c| '�

g�c|c �
�
�c�c|c �

�
,c�c|c �

,
�c|

�
1 Khuhdiwhu f&

�c|/ f
�
�c�c|/ f

�
,c�c| dqg f ,

�c| zloo ghqrwh wkh Odjudqjh
pxowlsolhuv dvvrfldwhg wr wkh fdslwdo dqg hpsor|phqw odzv ri prwlrq uhvshfwlyho|1 Wkh
�uvw rughu frqglwlrqv dvvrfldwhg zlwk wkh frqwuro yduldeohv lqyhvwphqw/ U�c| dqg ydfdqflhv/
T �
�c| dqg T ,

�c|c duh jlyhq e|

f&
�c| ' � +45,

^��c|f
�
�c�c| ' /� +46,

^�,c|f
�
,c�c| n ^,|E�� ^�,c|�f

,
�c| ' /, n y^,|E�� ^�,c|�� +47,

Htxdwlrq +45, uhsuhvhqwv wkh rswlpdo ohyho ri lqyhvwphqw/ wkh pdujlqdo frvw ri fdslwdo
jrrgv iru wkh �up wkdw lv rqh1 Htxdwlrq +46, uhsuhvhqwv wkh rswlpdo ohyho ri kljko|�vnloohg
ydfdqflhv srvwhg e| d �up1 Lw vwdwhv wkdw wkh �up zloo srvw kljko|�vnloohg ydfdqflhv xs
wr wkh srlqw zkhuh wkh h{shfwhg pdujlqdo ydoxh ri �oolqj dq dgglwlrqdo kljko|�vnloohg
mre +^��c|f

�
�c�c|,/ lv mxvw frpshqvdwhg e| wkh pdujlqdo frvw wr srvw d kljko|�vnloohg ydfdqf|

+/�,1 Wkh �uvw rughu frqglwlrq +47,/ wkh pdujlqdo ydoxh iru wkh �up wr �oo d orz0vnloohg mre
uhfhlyhv d vlplodu lqwhusuhwdwlrq/ xs wr wkh srlqw wkh pdujlqdo frvw ri srvwlqj d ydfdqf|
lv frpsohphqwhg e| dq dgglwlrqdo frvw ri wudlqlqj wr kluh d orz0vnloohg zrunhu1 Li zh
vxssrvh qr wudlqlqj frvw y wkhq ^�,c|f

�
,c�c| n ^,|E�� ^�,c|�f

,
�c| ' /,1 D sduw ri wkh ohiw vlgh lv

wkh h{shfwhg pdujlqdo ydoxh fruuhvsrqglqj wr �oo wkh ydfdqf| zlwk d kljko|0vnloohg zrunhu
dqg wkh rwkhu sduw wkh h{shfwhg pdujlqdo ydoxh fruuhvsrqglqj wr �oo wkh ydfdqf| zlwk d
orz0vnloohg zrunhu1 Erwk ghshqglqj rq wkhlu gl�huhqw suredelolwlhv wr �oo wklv ydfdqf|1

Wkh sdudphwhuv zloo eh fkrvhq lq d vxfk d zd| wkdw wkh �up suhihuv kljko|�vnloohg
zrunhuv wr orz�vnloohg rqhv wr �oo d orz0vnloohg ydfdqf|;=

f�
,c�c| A f ,

�c|� +48,

9Diwhu uhduudqjlqj/ yKo
wO

o @ ytowY
o
w O

o � ytowK
k
o>wO

k @ ytow+4� tko>w,Y
o
w O

o1
:Wkh lqwhuhvwhg uhdghu lv ohdg wr Dsshqgl{ D14 iru wkh rswlpdolw| frqglwlrqv dvvrfldwhg wr wkh �up*v

sureohp1
;Zh kdyh fkhfnhg wkdw dvvxpswlrq 48 lv ydolgdwhg h{0srvw1

:



516 Krxvhkrogv

Zh qrz suhvhqw wkh ehkdylrxu ri hdfk w|sh ri krxvhkrog � kljko|�vnloohg dqg orz�vnloohg/
lqgh{hg e| �1 Iroorzlqj Dqgroidwwr +4<<9,/ krxvhkrogv ri wkh vdph w|sh duh dvvxphg wr
eh lghqwlfdo h{ dqwh1 Wkh udqgrp pdwfklqjv dqg vhsdudwlrqv lq wkh oderxu pdunhw lqgxfh
gl�huhqw vwdwhv lq wkh oderxu pdunhw zklfk fdq ohdg wr h{ srvw khwhurjhqrxv zhdowk
srvlwlrqv/ zklfk zrxog wkhq pdnh wkh sureohp lqwudfwdeoh dv zh zrxog kdyh wr nhhs
wudfn ri hdfk lqglylgxdo vwru|1 Iru wkh vdnh ri vlpsolflw|/ zh dvvxph wkdw wkhuh h{lvwv
d shuihfw lqvxudqfh pdunhw/ zklfk doorzv ulvn dyhuvh krxvhkrogv wr ixoo| lqvxuh djdlqvw
wkh gl�huhqw lqfrph  xfwxdwlrqv dqg oderxu pdunhw wudqvlwlrqv1 Zh dvvxph wkdw wkh
oderxu irufh lv udqgrpo| dvvljqhg dfurvv mrev dw wkh ehjlqqlqj ri hdfk shulrg1 Wkxv/ wkh
uhsuhvhqwdwlyh krxvhkrog dvvxpswlrq fdq eh pdgh dqg wkh suredelolw| ri hpsor|phqw
vwdwxv lq dq| shulrg lv jlyhq e| wkh gl�huhqw sursruwlrqv ri wkh hpsor|phqw vwdwxv1 D
ghwdlohg ghvfulswlrq ri wkh krxvhkrog sureohp zlwk ixoo lqvxudqfh lv surylghg lq Dsshqgl{
D151

51614 Orz�vnloohg krxvhkrogv

Lq hdfk shulrg/ d orz�vnloohg krxvhkrog � fdq eh lq wzr dowhuqdwlyh vwdwhv lq wkh oderxu
pdunhw1 Zh dvvxph wkdw lw lv hpsor|hg zlwk suredelolw| � ,

| dqg xqhpsor|hg zlwk sure0
delolw| L ,

| ' � � � ,
| 1 Ghshqglqj rq wkh vwdwh/ wkh lqvwdqwdqhrxv xwlolw| ixqfwlrq ri wkh

orz�vnloohg krxvhkrog � lv jlyhq e|=

�,
�c| ' *L}E�,

�c| � K,� li hpsor|hg
�,


�c| ' *L}E�,


�c| � K,W� li xqhpsor|hg

zkhuh �,
�c| dqg �,W

�c| uhvshfwlyho| ghqrwh wkh ohyho ri frqvxpswlrq ri dq hpsor|hg dqg
xqhpsor|hg orz�vnloohg krxvhkrog1 K, dqg K,W uhsuhvhqw d xwlolw| frvw � h{suhvvhg lq
whupv ri sk|vlfdo jrrgv � dvvrfldwhg zlwk wkh vwdwh lq wkh oderxu pdunhw1 Wklv frvw lv
dvvxphg wr eh frqvwdqw ryhu wkh exvlqhvv f|foh1

Wkh krxvhkrog hqwhuv wkh shulrg zlwk d ohyho ri dvvhwv �,
�c| fduulhg ryhu iurp wkh suh0

ylrxv shulrg/ iurp zklfk vkh jhwv lqwhuhvw uhyhqxhv1 Zkhq hpsor|hg/ wkh krxvhkrog
uhfhlyhv wkh uhdo zdjh/ �,

��|/ edujdlqhg zlwk wkh �up1 Zkhq xqhpsor|hg/ vkh uhfhlyhv
dq xqhpsor|phqw lqvxudqfh dvvrfldwhg zlwk wkh lqvxudqfh frqwudfw vljqhg zlwk dq lq0
vxudqfh frpsdq|1< Wkhvh uhyhqxhv duh wkhq xvhg wr frqvxph �,

�c| ru �,


�c|/ dqg wr ex|
qhz dvvhwv1 Krxvhkrogv wdnh ixoo| lqvxudqfh djdlqvw wkh gl�huhqw lqfrph  xfwxdwlrqv dqg
oderxu pdunhw wudqvlwlrqv1 D shuihfw lqvxudqfh v|vwhp dyrlgv wkh orvv ri zhdowk dvvrfldwhg
xqhpsor|phqw143 Wkh| Wkhuhiruh/ wkh frqvrolgdwhg exgjhw frqvwudlqw diwhu wkh lqvxudqfh

<Dsshqgl{ D15 suryhv wkdw krxvhkrogv zloo fkrrvh wr eh ixoo| lqvxuhg djdlqvw wkh ulvn ri xqhpsor|phqw1
43Zkhuh wkh rswlpdo lqvxudqfh diwhu rswlpdwlvdwlrq ri wkh sureohp lv=

(olw @ zo
lm>w . �o � �o� =

dqg diwhu wkh lqvxudqfh wkh pdujlqdo xwlolw| ixqfwlrqv ri lqglylgxdov duh wkh vdph exw wkh frqvxpswlrq
ydoxhv duh gl�huhqw/ vxfk dv Fo

lw @ Fo�

lw . �o � �o� =

;



frqwudfw idfhg e| wkh orz�vnloohg krxvhkrog44 lv

� ,
|�

,
�c| n E��� ,

|��
,


�c| n�,
�c|n� � � ,

|�
,
��| n E� n o|��

,
�c|� +49,

Wkh sureohp ri wkh uhsuhvhqwdwlyh krxvhkrog � lv wkhuhiruh wr pd{lplvh wkh h{shfwdwlrq
ri wkh glvfrxqwhg vxp ri lwv lqvwdqwdqhrxv xwlolw| zlwk uhvshfw wr wkh frqvxpswlrq dqg
wkh dvvhwv vkh krogv=

"[
|'f

q|
�
� ,

|�
,
�c| n E��� ,

|��
,


�c|

�
vxemhfw wr htxdwlrq +49,1

51615 Kljko|�vnloohg krxvhkrogv

Olnh orz�vnloohg krxvhkrogv/ d kljko|�vnloohg krxvhkrog idfhv gl�huhqw vwdwhv lq wkh oderxu
pdunhw1 Vkh fdq eh hlwkhu hpsor|hg dv d kljko|�vnloohg zrunhu zlwk suredelolw| ��

�c|/

hpsor|hg dv d orz�vnloohg zrunhu zlwk suredelolw| ��
,c|/ ru xqhpsor|hg zlwk suredelolw|

L�
| ' ����

�c|���
,c|1 Iru hdfk vwdwh/ wkh lqvwdqwdqhrxv xwlolw| ixqfwlrq ri wkh kljko|�vnloohg

krxvhkrog � lv jlyhq e|=

��
�c�c| ' *L}E��

�c�c| � K�� li hpsor|hg dv kljk�vnloohg
��
,c�c| ' *L}E��

,c�c| � K�
, � li hpsor|hg dv orz�vnloohg

��


�c| ' *L}E��


�c| � K�W

� li xqhpsor|hg

zkhuh ��
�c�c|c �

�
,c�c| dqg ��W

�c| uhvshfwlyho| ghqrwh wkh hpsor|hg krxvhkrog*v frqvxpswlrq
zkhq vkh zrunv dv d kljko|�vnloohg ru orz�vnloohg zrunhu dqg khu frqvxpswlrq zkhq
xqhpsor|hg1 K� uhsuhvhqwv d frvw/ lq whupv ri sk|vlfdo jrrgv/ dvvrfldwhg zlwk wkh kljko|�
vnloohg zrunlqj dfwlylw|1 K�

, dqg K�W

duh wkh vdph frvwv suhylrxvo| gh�qhg iru orz0vnloohg
krxvhkrogv1 Wkhvh frvwv duh dvvxphg wr eh frqvwdqw ryhu wkh exvlqhvv f|foh1

Wkh frqvrolgdwhg exgjhw frqvwudlqw diwhu wkh lqvxudqfh frqwudfw idfhg e| wkh kljko|�
vnloohg zrunhu lv vlplodu wr wkdw idfhg e| wkh orz�vnloohg1 Qrz krzhyhu/ wkh krxvhkrog
pd| eh lq wkuhh dowhuqdwlyh vwdwhv

��
�c|�

�
�c�c| n��

,c|�
�
,c�c| n L�

| �
�


�c| n��
�c|n� � +4:,

� ��
�c|�

�
�c��| n��

,c|�
�
,c��| n E� n o|��

�
�c|�

Wkh kljko|�vnloohg zrunhu vroyhv wkh vdph sureohp dv wkh orz�vnloohg zrunhu1 Vkh
pd{lplvhv wkh glvfrxqwhg vxp ri lwv lqvwdqwdqhrxv xwlolw| zlwk uhvshfw wr frqvxpswlrq
dqg wkh dvvhwv vkh krogv=

"[
|'f

q|
�
��

�c|�
�
�c�c| n��

,c|�
�
,c�c| n L�

| �
�


�c|

�
vxemhfw wr htxdwlrq +4:,1

44Lpsolflw lq wklv irupxodwlrq lv wkdw wkh lqvxudqfh sureohp kdv douhdg| ehhq vroyhg1

<



517 Zdjh ghwhuplqdwlrq

Iroorzlqj Slvvdulghv +5333,/ zh dvvxph wkdw zdjhv duh ghwhuplqhg e| d Qdvk edujdlqlqj
surfhvv ehwzhhq wkh �up dqg wkh krxvhkrog1 Wkh uhqw lv vkduhg dffruglqj wr wkh Qdvk
vroxwlrq ri wkh edujdlqlqj sureohp1 Ehfdxvh ri wkh frh{lvwhqfh ri gl�huhqw w|shv ri
zrunhuv/ wkhuh duh gl�huhqw zdjh edujdlqlqj surfhvvhv zklfk jlyh ulvh wr gl�huhqw ohyhov
ri zdjhv1 Dw wkh ehjlqqlqj ri hyhu| shulrgc wkhuh lv d uh0qhjrwldwlrq ehwzhhq �upv dqg
zrunhuv1

Ohw 1��/ 1
,
� dqg 1, ghqrwh wkh h{rjhqrxv sdudphwhuv/ zklfk phdvxuh wkh edujdlqlqj

srzhu ri kljko|�vnloohg krxvhkrogv dsso|lqj iru kljko|�vnloohg dqg orz�vnloohg mrev dqg
orz�vnloohg zrunhuv/ wkh ohyho ri zdjhv lq d v|pphwulf htxloleulxp fdq eh vkrzq wr eh=451

��
�| ' 1��

�
w

t|

u���
�|

n R��|f
�
�|

�
n +4;,

nE�� 1���

�
K� n

��
,|

����
�|

E��
,| � K,�

�

��
,| ' 1�,

#
E�� k� w�

t�|

u���
,c�| n u,� ,

�|

$
n E�� 1���K

, +4<,

�,
| ' 1,

#
E�� k� w�

t�|

u���
,c�| n u,� ,

�|

n R,|f
,
|

$
n E�� 1,�K, +53,

zklfk mxvw dprxqwv wr wkh vwdqgdug wrwdo uhqw vkdulqj uxoh ehwzhhq wkh sduwlflsdqw ri
wkh edujdlqlqj surfhvv1 Wkh �up dftxluhv wkh jdlq lq pdujlqdo oderxu surgxfwlylw| dqg
wkh h{shfwhg pdujlqdo ydoxh ri d qhzo| fuhdwhg mre/ f�

�c| dqg f ,
| � Zkhq d kljko|0vnloohg

zrunhu lv lq d orz0vnloohg ydfdqf|/ wkh vhsdudwlrq udwh lv �/ dqg wkh jdlq iru wkh �up lv
rqo| wkh pdujlqdo oderxu surgxfwlylw|1 Wkh vkduh dffuxhg e| wkh zrunhu lv jlyhq e| wkh
gl�huhqwldo lq wkh glvxwlolw| ri zrun1 Lw lv zruwk qrwlqj wkdw iru wkh kljko|0vnloohg zrunhu/
zkr �oov d kljko|0vnloohg ydfdqf| wdnhv lqwr dffrxqw wkh glvxwlolow| ri zrun dqg ri zrunlqj
lq d orz0vnloohg ydfdqf|146

518 Htxloleulxp

Dshuihfw iruhvljkw htxloleulxp ri wklv hfrqrp| lv d vhtxhqfh ri sulfhv iS|j
"
|'f ' i��

�c|c �
�
,c|c

�,
|c o|j

"
|'f dqg d vhtxhqfh ri txdqwlwlhv iT|j

"
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|'fj1 iTM

| j
"
|'f '

i��
�c|c �
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"
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"
|'f ' it|c U|cg|c �
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�c|c �

�
,c|c �

,
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,
| j

"
|'f vxfk

wkdw=

+l, jlyhq d vhtxhqfh ri sulfhv iS|j
"
|'f/ iTM

| j
"
|'f lv d vroxwlrq wr wkh uhsuhvhqwdwlyh

krxvhkrog*v sureohp>

+ll, jlyhq d vhtxhqfh ri sulfhv iS|j
"
|'f/ iT

8
| j

"
|'f lv d vroxwlrq wr wkh uhsuhvhqwdwlyh �up*v

sureohp>

45Vhh dsshqgl{ D16 iru d ghwdlohg h{srvlwlrq ri wkh edujdlqlqj surfhvv
46Qrwlfh dv zhoo wkdw �o� @ �k� @ 3 dqg �o @ �k

o =
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+lll, jlyhq d vhtxhqfh ri txdqwlwlhv iT|j
"
|'f/ iS|j

"
|'f fohduv wkh jrrgv pdunhwv lq wkh

vhqvh

t| ' �| n U| n��T
�
| u

� n�,T
,
| u

, n yM ,
|T

,
|

dqg wkh fdslwdo pdunhwv147

+ly, zdjhv duh vhw dffruglqj wr wkh uhqw vkdulqj phfkdqlvp1

+y, oderxu pdunhw  rzv duh ghwhuplqhg e| klulqj ixqfwlrqv/ M�
�c|cM

�
,c| dqg M ,

| �

6 Gdwd dqg fdoleudwlrq

Zh duh qrz wr dqdo|vh wkh uhvsrqvh ri vrph nh| yduldeohv iroorzlqj wzr dowhuqdwlyh w|shv
ri vkrfnv= hlwkhu d uhodwlyh oderxu ghpdqg vkrfn +fkdqjhv lq wudlqlqj frvwv, ru d uhodwlyh
oderxu vxsso| vkrfn +fkdqjhv lq sursruwlrq ri kljko| vnloohg zrunhuv,1

Vlqfh wkh prgho kdv qr dq| dqdo|wlfdo vroxwlrq/ zh uho| rq qxphulfdo vlpxodwlrqv ri
wkh prgho1 Wkh prgho lv fdoleudwhg iru Vsdqlvk gdwd1 Vlpxodwlrq h{huflvhv duh vroyhg zlwk
wkh g|qduh vrizduh ghyhorshg e| Mxloodug +4<<9,148

614 Wkh gdwd

Wkh prgho lv fdoleudwhg iru Vsdqlvk txduwhuo| gdwd1 Pdfurhfrqrplf wlph vhulhv duh eru0
urzhg iurp Sxfk dqg Olfdqgur +4<<:,/ zkr hoderudwhg rq wkh Qdwlrqdo Dffrxqwv ri wkh
Vsdqlvk Hfrqrp| +Frqwdelolgdg Qdflrqdo gh Hvsdôd,1 Djjuhjdwh frqvxpswlrq lv jlyhq
e| wkh vxp ri qrq0gxudeoh frqvxpswlrq dqg jryhuqphqw h{shqglwxuhv/ dqg lqyhvwphqw
lv wkh vxp ri gxudeoh frqvxpswlrq dqg �{hg lqyhvwphqw1

Lq rughu wr rewdlq gdwd frqvlvwhqw zlwk wkh phdvxuh ri wkh �odgghu h�hfw� sureohp/
zh uho| rq wkh Olqnhg Oderxu Srsxodwlrq Vxuyh| +Hqfxhvwd gh Sreodflöq Dfwlyd hq0
od}dgd/ HSD khuhdiwhu,1 Wklv txduwhuo| vxuyh| froohfwv sdqho gdwd ri lqglylgxdov gxulqj
vl{ frqvhfxwlyh txduwhuv shulrgv1 Wkh vdpsoh uxqv iurp 4<;:=4 wr 4<<9=71 Lw fryhuv d
odujh qxpehu ri lqglylgxdov dqg fkdudfwhulvwlfv/ vxfk dv irupdo hgxfdwlrq dwwdlqphqw/
rffxsdwlrq/ hpsor|phqw vwdwxv/ djh dqg jhqghu1 Lw gh�qhv 8 jurxsv ri hgxfdwlrq dqg 43
jurxsv ri rffxsdwlrq +udqjh 3�<,1 kljko| vnloohg zrunhuv duh gh�qhg/ iru rxu sxusrvh/ dv
wkrvh zlwk d ohyho ri hgxfdwlrq juhdwhu ru htxdo wr xsshu0vhfrqgdu| hgxfdwlrq1 Wkhuhiruh/
orz�vnloohg zrunhuv hvvhqwldoo| frqvlvw ri loolwhudwh dqg xqhgxfdwhg zrunhuv/ sulpdu| ru
orz�vhfrqgdu| hgxfdwhg zrunhuv1 kljko| vnloohg rffxsdwlrqv duh wdnhq wr eh pdqdjhuv/
surihvvlrqdov dqg whfkqlfldqv dqg vxssruw surihvvlrqdov +udqjh 4�6 lq HSD fodvvl�fdwlrq,/
wkh uhvw +udqjh 3/7�< lq HSD duh duphg irufhv/ fohunv/ vhuylfh/ vnloohg djulfxowxudo2�vklqj/

47Zkhuh Fw lv htxdo wr wkh vxp ri gl�huhqw krxvhkrogv frqvxpswlrq wdnlqj lqwr dffrxqw wkhlu gl�huhqw

oderxu pdunhw suredelolwlhv1
48Pruh derxw g|qduh dqg wkh xqghuo|lqj uhod{dwlrq dojrulwkp fdq eh irxqg lq Od�dujxh +4<<3, dqg

Erxfhnnlqh +4<<8,1
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Fudiw0Wudqvsruw/ Sodqw0Pdqxidfwxuh dqg xqvnloohg jurxs, lv wdnhq wr gh�qh orz�vnloohg
rffxsdwlrqv1491 Udwlrv duh uhsruwhg lq Wdeoh 51

Djjuhjdwhg Udwlrv dqg Suredelolwlhv

fdslwdo2rxwsxw udwlr &*+ <1;78;

lqyhvwphqw2rxwsxw udwlr �*+ 315;::

frqvxpswlrq2rxwsxw udwlr S*+ 319<56

kljk�vnloohg zrunhuv lq kljk�vnloohg rffxsdwlrqv ��
� 31735:

kljk�vnloohg zrunhuv lq orz�vnloohg rffxsdwlrqv ��
, 317435

orz�vnloohg zrunhuv lq orz�vnloohg rffxsdwlrqv � , 31:<8;

sure1 iru d kljk�vnloohg wr �qg d kljk�vnloohg mre R�� 313859

sure1 iru d kljk�vnloohg wr �qg d orz�vnloohg mre R�, 313<48

sure1 iru d orz�vnloohg wr �qg d orz�vnloohg mre R, 3146;7

udwlr kljk ryhu orz�vnloohg srsxodwlrq u�*u, 315;7:

Qrw �oohg kljk�vnloohg ydfdqflhv ryhu kljk�vn1 oderxu irufh T 

� 3133<6

Qrw �oohg orz�vnloohg ydfdqflhv ryhu orz�vn1oderxu irufh T 

, 3133;5

Wdeoh 5= Djjuhjdwhg Udwlrv dqg Suredelolwlhv +dyhudjh,

Wkh �odgghu h�hfw� lv phdvxuhg dv wkh shufhqwdjh ri kljko| hgxfdwhg zrunhuv zkr rf0
fxs| d mre zlwk orz�vnloohg uhtxlvlwhv +��

, lq rxu prgho,1 Ilqdoo|/ wkrvh kljko| hgxfdwhg
zrunhuv lq d kljko| vnloohg rffxsdwlrq dqg wkrvh orz hgxfdwhg zrunhuv lq d orz�vnloohg
rffxsdwlrq duh uhsuhvhqwhg dv ��

� dqg � ,
, / uhvshfwlyho|1 Wkh kljko| vnloohg +orz�vnloohg,

srsxodwlrq/ u� +u,,/ lv jlyhq e| wkh vxp ri kljko| +orz, hgxfdwhg hpsor|hg dqg xqhp0
sor|hg zrunhuv1

Wdeoh 5 uhsruwv wkh suredelolw| ri �qglqj d mre iru hdfk w|sh ri lqglylgxdo1 Iru rxu
hvwlpdwlrqv dqg vw|olvhg idfwv zh kdyh xvhg wkh gh�qlwlrqv ri hgxfdwlrq dqg rffxsdwlrq lq
wkh olqnhg HSD vxuyh|14: Iru lqvwdqfh/ R�� +ru R

,
�, � wkh suredelolw| wkdw d kljko| vnloohg

xqhpsor|hg lqglylgxdo �qgv d kljko| vnloohg +ru d orz�vnloohg mre, � lv phdvxuhg dv wkh
sursruwlrq ri kljko| hgxfdwhg xqhpsor|hg zrunhuv zkr �qg d kljko| vnloohg +orz�vnloohg,

49Pruh ghwdlohg hpsor|phqw gdwd lq Dsshqgl{ E1
4:Wkh sursruwlrqv dqg suredelolwlhv gdwd duh wkdw zh kdyh xvhg wr vroyh wkh prgho +h{fhsw wr sko>w ydoxh

vhw lq vwhdg| vwdwh/ vhh fdoleudwlrq vhfwlrq,1
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mre iurp rqh shulrg wr wkh rwkhu1 Olnhzlvh/ wkh suredelolw| wkdw d orz�vnloohg xqhpsor|hg
�qgv d +orz�vnloohg, mre/ R, lv phdvxuhg dv wkh sursruwlrq ri orz�vnloohg xqhpsor|hg zkr
duh hpsor|hg lq d +orz�vnloohg, rffxsdwlrq iurp rqh shulrg wr rwkhu/ fruuhfwhg e| wrwdo
srsxodwlrq1

Ydfdqflhv duh phdvxuhg e| wkh qxpehu ri ydfdqflhv qrw �oohg dw wkh hqg ri shulrg dv
uhsruwhg e| wkh Qdwlrqdo Hpsor|phqw R!fh +LQHP,1 Wkhvh gdwd dovr udqjh iurp 4<;:=4
wr 4<<9=7 dqg duh fdwhjrulvhg lq whupv ri rffxsdwlrqv iroorzlqj wkh vdph gh�qlwlrq dv
HSD gdwd iru hpsor|phqw14; Wkh| duh wdnhq lq whupv ri sursruwlrq ri wkh kljk0vnloohg
ru orz0vnloohg wrwdo srsxodwlrq1

615 Fdoleudwlrq

Wdeoh 6 uhsruwv wkh fdoleudwhg ydoxh ri ehkdylrxudo sdudphwhuv1 Wkhvh ydoxhv duh rewdlqhg
iurp wkh prgho wr wkhlu hpslulfdo frxqwhusduw1 Iru lqvwdqfh/ wkh gl�huhqw hodvwlflwlhv ri
rxwsxw duh vhw lq vwhdg| vwdwh wr eh d frqvwdqw uhwxuqv wr vfdoh Free0Grxjodv1 Wkh
glvfrxqw udwh/ q/ lv vhw vxfk wkdw/ xvlqj wkh Hxohu htxdwlrq dvvrfldwhg wr wkh fdslwdo
dffxpxodwlrq ghflvlrq/ wkh prgho pdwfkhv d fdslwdo2rxwsxw udwlr ri <1; � rewdlqhg iurp
Vsdqlvk Txduwhuo| gdwd1 Olnhzlvh/ wkh ghsuhfldwlrq udwh/ B/ lv 3135<51

Frvw ri ydfdqflhv /, dqg /� duh vhw lq vwhdg| vwdwh1 Zh vxssrvh wkdw wkh frvw ri ehlqj
xqhpsor|phqw lv K�W

' K,W ' f� Zh dovr vxssrvh wkdw wkh frvw ri zrunlqj lq d orz0vnloohg
mre lv wkh vdph iru erwk kljk dqg orz vnloohg zrunhu1 Wkrvh wrjhwkhu zlwk wkh frvw ri
zrunlqj dv kljko|0vnloohg zrunhg lq d kljko|0vnloohg mre K� duh vhw lq vwhdg| vwdwh1 Lw lv
vxssrvhg wkdw K� : K�

, ' K, : K�W

' K,W �
Wudlqlqj frvwv duh vhw wr }hur lq rxu ehqfkpdun fdvh/ exw d vhqvlwlylw| dqdo|vlv wr

fkdqjhv lq wklv sdudphwhu zloo dovr eh frqvlghuhg1 Wkh wrwdo idfwru surgxfwlylw| lv vhw
vxfk wkdw/ lq vwhdg| vwdwh/ rxwsxw lv htxdo wr 41

�/ wkh hodvwlflw| ri wkh pdwfklqj surfhvv zlwk uhjdugv wr wkh qxpehu ri ydfdqflhv lv
dvvxphg wr eh wkh vdph lq hdfk ixqfwlrq dqg lv vhw wr � ' f�D/14< zklfk olhv zlwklq wkh
udqjh ri hvwlpdwhg ydoxhv iru wkh Vsdqlvk hfrqrp|1 Wkh edujdlqlqj srzhu ri krxvhkrogv
+i1��j�c�Mt�c,�, lv dovr vhw wr f �D / vxfk wkdw lw lv htxdo wr wkh hodvwlflw| ri pdwfklqj zlwk
uhvshfw wr ydfdqflhv1 Dv vkrzq lq Krvlrv +4<<3,/ wklv lpsolhv wkdw wkh Qdvk edujdlqlqj
surfhvv |lhogv d Sduhwr rswlpdo doorfdwlrq ri uhvrxufhv1

Iluvw ri doo/ wkh wkuhh pdwfklqj ixqfwlrqv duh vshfl�hg dv

M�
�c| ' M

�

�ET
�
�c|�

�E����
�c|�

�3�

M�
,c| ' M

�

,

�
T �
�c|

u,

u�

��

E����
�c|n��

�3�

M ,
| ' M

,

�
T ,
| �

u�

u,
M�

,c|

��

E��� ,
|�

�3�

4;Qdwlrqdo gh�qlwlrqv dffruglqj zlwk U1G1 55732:< iurp 47 ri Dxjxvw1 Xvlqj e| LQHP dqg HSD1
4<Zh vxssrvh wkdw � @ 3> 81 Xqolnh Fkdswhu 6/ zkdw zh dlp wr froodwh lq d vlpsoh zd| lq d edvholqh

prgho duh wkh khwhurjhqhlw| ri djhqwv zlwk vnloo glvsdulwlhv1
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Ehkdylrxudo sdudphwhuv

hodvwlflw| ri rxwsxw zuw fdslwdo k 3167:4

hodvwlflw| ri rxwsxw zuw kljk�vnloohg oderxu w 314476

ghsuhfldwlrq udwh B 3135<5

glvfrxqw idfwru q 31<<73

frvw ri srvwlqj orz0ydfdqflhv /, 31;959

frvw ri srvwlqj kljk0ydfdqflhv /� 313985

frvw ri zrunlqj lq d kljk0mre K� 31:647

frvw ri zrunlqj lq d orz0mre K�
, ' K, 318696

frvw ri qr zrunlqj K�W

' K,W 313333

wudlqlqj frvwv y 313333

wrwdo idfwru surgxfwlylw| � 3193;6

hodvwlflw| ri pdwfklqj z1u1w1 ydfdqflhv � 318333

edujdlqlqj srzhu i1��j�c�Mt�c,� 318333

Wdeoh 6= Ehkdylrxudo sdudphwhuv
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Lq wkh vwhdg| vwdwh/ zh vhw M�
,c| ' ��

,c|� Jlyhq suredelolwlhv ri �qglqj d mre/ dqg wkh ohyho
ri wkh hpsor|phqw udwhv/ zh duh deoh wr frpsxwh wkh dyhudjh qxpehu ri klulqjv dv

M�
� ' R��E����

� �/ dqg dqg M , ' R,E��� ,��

Lq rughu wr vroyh wkh prgho/ zh jhw wkh ydoxh ri R�, dw vwhdg| vwdwh xvlqj wkh suredelolw| ri

�qglqj d orz0vnloohg mre e| d kljko| vnloohg zrunhuv R�,c| '
M�

,c|

�3M�
�c|

3E�3r���
�c|

1 Wkhvh qxpehuv

fdq wkhq eh xvhg wr fdoleudwh M
�

�/ M
�

, dqg M
,
lq vwhdg| vwdwh uhvshfwlyho|1 Dv zh kdyh

uhpdunhg lq wkh ghvfulswlrq ri wkh prgho/ zh dvvxph wkdw �upv suhihu wr kluh d kljko|
vnloohg zrunhu lq d orz0vnloohg mre/ wkdw lv wkh h!flhqf| idfwru ri wkh pdwfklqj ixqfwlrq

M
�

, lv kljkhu wkdq wkh rwkhu sdudphwhuv dqg lwv lq xhqfh fdq eh vhhq lq wkdw wkhlu zdjhv
ehfrph pruh frpshwlwlyh1

Wkh h{rjhqrxv txlw udwhv duh fdoleudwhg xvlqj htxdwlrqv +:,�+43, hydoxdwhg lq vwhdg|
vwdwh1 Wkhuhiruh/ zh rewdlq

r '
M�

�

��
�

dqg > '
M ,

� ,
1

Wkh vhsdudwlrq udwh iru kljko| vnloohg zrunhuv lq d kljko| vnloohg mre r/ lv odujhu wkdq
wkh vhsdudwlrq udwh iru orz0vnloohg zrunhuv/ >1 Wklv lv frqvlvwhqw dv d kljk wxuqryhu udwh
lq wkh vnloohg zrunhuv1 Zh vhw wkh vhsdudwlrq udwh iru kljko| vnloohg zrunhuv lq d orz0
vnloohg mre wr wkh ydoxh ri rqh1 Lq rxu hfrqrp|/ wkh wrwdo ghvwuxfwlrq lv derxw 44(1 Wklv
lv frqvlvwhqw zlwk wkh dyhudjh ri ghvwuxfwlrq udwh iru Vsdqlvk �upv lq Gðd}0Pruhqr dqg
Jdogöq +5333,153

Vnloohg dqg xqvnloohg ydfdqflhv/ T � dqg T ,/ duh gh�qhg dv wkh vxp ri kljko| dqg orz�
vnloohg klulqjv dqg xq�oohg kljko| dqg orz�vnloohg ydfdqflhv1 Wklv shuplwv rewdlqlqj wkh
suredelolw| wkdw d �up �oov d kljko| vnloohg ydfdqf| zlwk d kljko| vnloohg zrunhu/ ^�� dqg
wkh suredelolw| ri �oolqj d orz�vnloohg ydfdqf| zlwk d kljko| ru orz�vnloohg zrunhu/ ^�, dqg
^,/ dv gh�qhg lq htxdwlrq +43,1 Zdjh yduldeohv duh vhw lq vwhdg| vwdwh1 Qrwlfh wkdw kljko|
vnloohg zdjhv duh kljkhvw1 Dqg voljkwo| orz0vnloohg zdjhv odujhu wkdw kljko| vnloohg zdjhv
zkhq wkh zrunhu lv kljko| hgxfdwhg lq d orz0vnloohg mre1 Wkhvh qxpehuv duh uhsruwhg lq
Wdeoh 71

7 Dqdo|vlv ri uhvxowv

Wklv vhfwlrq sursrvhv dq dqdo|vlv ri wkh uhvsrqvh ri vrph nh| yduldeohv fkdudfwhulvwlf ri
wkh oderxu pdunhw wr h{rjhqrxv shupdqhqw vkrfnv wr +l, wkh wudlqlqj frvw ri orz0vnloohg
zrunhuv dqg +ll, wkh uhodwlyh vl}h ri wkh kljko| vnloohg oderxu irufh1 Zh �uvw shuirup d
vwdwlf h{huflvh dvvhvvlqj wkh vwhdg| vwdwh lpsolfdwlrqv ri vxfk fkdqjhv lq wkh prgho1 Zh
wkhq vwxg| wkh wudqvlwlrqdo g|qdplfv gholyhuhg e| wkh prgho lq wkh idfh ri vxfk vkrfnv1
Wklv frpsdudwlyh dqdo|vlv hqdeohv xv wr r�hu vrph lqvljkwv rq wkh uroh sod|hg e| wkh
odgghu h�hfw lq Vsdqlvk xqhpsor|phqw g|qdplfv1

53Wkh| hvwlpdwh txdwhuo| mre  rzv iru Vsdqlvk hfrqrp| iru wkh shulrg <6=LL wr <8=L1
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Oderxu pdunhw yduldeohv dqg suredelolwlhv

klulqjv ri kljk�vn1 zrunhuv iru kljk�vnloohg mrev M�
� 313647

klulqjv ri kljk�vn1 zrunhuv iru orz�vnloohg mrev M�
, 31387:

klulqjv ri orz�vn1 zrunhuv iru orz�vnloohg mrev M , 3135;5

h!1 idfwru ri kljk�vn1 zrunhuv iru kljk�vn1 mrev M
�

� 315347

h!1 idfwru vn1 zrunhuv iru orz�vn1 mrev M
�

, 31:567

h!1 idfwru vn1 zrunhuv iru orz�vn1 mrev M
,

3165:8

sure1 ri �qglqj d orz0vn1 mrev e| d kljk0vn1 zrun1 R�, 319;9:

zdjhv ri kljk0vn1 zrunhuv iru kljk0vnloohg mrev ��
� 31<35:

zdjhv ri kljk0vn1zrunhuv iru orz0vn1 mrev ��
, 318965

zdjhv ri orz0vnloohg zrunhuv �, 318;34

kljk�vnloohg vhsdudwlrq udwh r 313:;3

orz�vnloohg vhsdudwlrq udwh > 313688

sure1 �up �oov k0vnloohg ydf1 zlwk k0vnloohg zrunhuv ^�� 31::48

sure1 �up �oov o0vnloohg ydf1 zlwk k0vnloohg zrunhuv ^�, 31:953

sure1 �up �oov o0vnloohg ydf1 zlwk orz�vnloohg zrunhuv ^, 31::84

kljk�vnloohg ydfdqflhv T � 31373:

orz�vnloohg ydfdqflhv T , 314865

Wdeoh 7= Fdoleudwhg sdudphwhuv +Oderxu Pdunhw,
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714 Ghpdqg vlgh= wudlqlqj frvw

Zh prgho wkh uhodwlyh ghpdqg vkrfn dv d fkdqjh lq wkh frvw ri wudlqlqj qhz orz0vnloohg
hpsor|hg154 Wklv fkdqjh lq wkh wudlqlqj frvw pd| eh vhhq dv d frqvhtxhqfh ri d whfk0
qrorjlfdo fkdqjh1 Zh dvvxph wkdw kljko| vnloohg zrunhuv gr qrw uhtxluh wudlqlqj= Jlyhq
wkhlu hgxfdwlrq ohyho/ zh dvvxph wkdw wkh| kdyh h{rjhqrxv jhqhudo vnloov1 Lq rxu prgho
wkh lqfuhdvh ri wklv wudlqlqj frvw fdq eh lqwhusuhwhg dv d vnloohg0eldvhg whfkqrorjlfdo vkrfn
djdlqvw orz0vnloohg zrunhuv1 Kljko| vnloohg zrunhuv duh zloolqj wr dffhsw orz0vnloohg ydfdq0
flhv whpsrudulo|1 Ghvslwh wkhlu kljk vhsdudwlrq udwhv/ �upv kluh kljko| vnloohg zrunhuv wr
dyrlg jhqhudo wudlqlqj frvwv lqkhuhqw wr wkh klulqj ri orz0vnloohg zrunhuv1 Wklv wudlqlqj
frvw d�hfwv hpsor|phqw dv|pphwulfdoo|1 Dq lqfuhdvh lq wklv wudlqlqj frvw ghfuhdvhv wrwdo
hpsor|phqw exw pruh odujho| orz0vnloohg hpsor|phqw1

Wkxv/ zh qrz dqdo|vh wkh h�hfwv ri d shupdqhqw lqfuhdvh lq wkh wudlqlqj frvw sdlg
e| wkh �up zkhq klulqj d orz�vnloohg zrunhu/ y� Iljxuhv 5�6 uhsruw wkh h�hfwv ri d
shupdqhqw vkrfn lq y udqjlqj iurp ydoxhv 313 wr 315/ rq wkh vwhdg| vwdwh ri vrph nh|
yduldeohv fkdudfwhulvlqj wkh oderxu pdunhw1

Dq lqfuhdvh lq y lqgxfhv �upv wr uhgxfh orz0vnloohg hpsor|phqw1 Lw wkhuhiruh lqfuhdvhv
wkh pdujlqdo ydoxh ri orz0vnloohg mrev/ dqg ghfuhdvhv wkh pdujlqdo ydoxhv ri kljko| vnloohg
rqhv +vhh Iljxuhv 5 dqg 6,1 Dv wkh zdjh edujdlqlqj surfhvv lpsolhv wkdw zdjhv duh vwurqjo|
fruuhodwhg zlwk wkh pdujlqdo surgxfwlylw| ri hpsor|phqw/ wkh uhdo zdjh sdlg wr kljko|
vnloohg zrunhuv zkhq hpsor|hg rq kljko| vnloohg mrev/ uhgxfhv pruh wkdq wkdw uhfhlyhg
e| orz�vnloohg zrunhuv rq orz�vnloohg rffxsdwlrq +vhh Iljxuh 5,/ uhgxflqj wkh zdjh jds
dprqj wkhp1

Wkh lqfuhdvh lq wkh ydoxh ri wkh vkrfn kdv wzr rssrvlwh h�hfwv iru wkh kljko| vnloohg
zrunhuv1 Rq wkh rqh kdqg/ wkh frvw ri orz�vnloohg hpsor|phqw ulvhv dqg �upv zloo uhgxfh
klulqjv ri erwk orz dqg kljko| vnloohg zrunhuv1 Rq wkh rwkhu kdqg/ �upv zloo sduwldoo|
vxevwlwxwh kljko| vnloohg zrunhuv iru orz�vnloohg rqhv wr �oo orz�vnloohg ydfdqflhv dv wkh
iruphu gr qrw uhtxluh dq| wudlqlqj1 Ryhudoo/ wkh orz0vnloohg hpsor|phqw ghfuhdvhv prvw
+vhh Iljxuh 5,1 Wklv vxevwlwxwlrq h�hfw h{sodlq wkh kxjh gurs lq� ,� Ehvlghv/ qrwhzruwk|
lv wkh idfw wkdw � , gursv gudpdwlfdoo| pruh wkdq erwk ��

, dqg ��
� +vhh xsshu�ohiw sdqho

ri Iljxuh 5,/ looxvwudwlqj wkh vxevwlwxwlrq h�hfw ehwzhhq kljko| dqg orz�vnloohg zrunhuv
lq orz�vnloohg rffxsdwlrqv gxh wr wkh lqfuhdvh lq wkh wudlqlqj frvw1

Wkh uhgxfwlrq lq wkh pdujlqdo ydoxh dqg wkh lqfuhdvh lq wkh wudlqlqj frvw wkhuhiruh
glvfrxudjhv srvwlqj ydfdqflhv/ zkdwhyhu wkhlu w|sh/ dv looxvwudwhg e| Iljxuh 51 Iru ydoxhv
ri y odujhu wkdq 314/ wkh uhgxfwlrq lq wkh qxpehu ri kljko| vnloohg ydfdqflhv lv odujhu wkdq
wkh uhgxfwlrq lq orz�vnloohg ydfdqflhv1 Wklv uhgxfwlrq lq erwk w|shv ri ydfdqflhv dqg
wkh lqfuhdvh lq xqhpsor|phqw uhyhuvhv wkh frqjhvwlrq h�hfw155 Wkhuhiruh/ wkh suredelolw|
wkdw d �up �oov d ydfdqf| ulvhv zkdwhyhu wkh w|sh ri srvwhg ydfdqf|1 Exw/ dv wkh lqfuhdvh

54Zh kdyh dovr frqvlghuhg d shupdqhqw qrq0eldvhg whfkqrorjlfdo vkrfn1 Dv lq olwhudwxuh wkh lqfuhdvh lq
wkh surgxfwlylw| ri oderxu lqfuhdvhv hpsor|phqw dqg ghfuhdvhv xqhpsor|phqw1 Krzhyhu wkh h�hfw lq wkh
htxloleulxp xqhpsor|phqw udwhv zloo eh qhxwudo1 Lqwhuhvwlqj ixuwkhu uhvhdufk zloo eh wr nhhs lq whpsrudu|
whfkqrorjlfdo vkrfnv lq rughu wr h{shulhqfh li wkhuh h{lvwv vrph uhodwlrqvkls ehwzhhq whfkqrorjlfdo vkrfn
dqg �odgghu h�hfw�1

55Xqghu wkh suhvhqfh ri frruglqdwlrq idloxuhv rq wkh oderxu pdunhw/ dq lqfuhdvh ri frpshwlwlrq dprqj
�upv fuhdwhv d frqjhvwlrq h�hfw wkdw orzhuv wkh suredelolw| ri �oolqj xs d ydfdqw mre1
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Iljxuh 6= Vwhdg| vwdwh lpsolfdwlrq ri wudlqlqj frvw vkrfn

lq xqhpsor|phqw lv kljkhu iru orz�vnloohg zrunhuv wkdq iru kljko| vnloohg rqhv/ wkh ulvh lq
wklv suredelolw| lv pxfk kljkhu lq wkh fdvh ri orz�vnloohg zrunhuv/ ^, +e| dq rughu ri derxw
8 zkhq y wdnhv ydoxh 315, 1 Olnhzlvh/ wkh lpsolhg qhjdwlyh wudgh h{whuqdolw| h{sodlqv wkh
odujhu ghfuhdvh lq wkh suredelolw| wr �qg d mre iru orz�vnloohg zrunhuv1 Wkh lqyhvwphqw
ehkdylrxu ri �upv ohdgv wr hpsor|phqw uhgxfwlrq iru wkhvh w|shv ri rffxsdwlrq1

Rxu uhvxowv duh frqvlvwhqw zlwk Ydq Rxuv dqg Ulgghu +4<<8,/ zklfk jlyh hylghqfh
wkdw orz0 dqg kljko| vnloohg xqhpsor|phqw duh vwurqjo| fruuhodwhg dqg wkdw orz0vnloohg
xqhpsor|phqw  xfwxdwhv pruh vwurqjo|1 Iru lqvwdqfh/ lq idfh ri d ydoxh ri y ' f��/ ��

�

dqg ��
, ghfuhdvh e| 8(/ zkloh � , gursv e| dq dprxqw ri 43(1 Wklv vkrzv xs lq wkh

phdvxuh ri wkh odgghu h�hfw uhsruwhg lq Iljxuh 71
Wkh odgghu h�hfw/ phdvxuhg lq whupv ri vwrfnv/

u���
,

u���
, n u,� ,

� �ffc

looxvwudwhv wkh suhylrxv dqdo|vlv1 Dv wkh odgghu h�hfw lqfuhdvhv e| 6( zkhq y ' f�� wr
44( lq idfh ri y ' f�2/ rqfh djdlq uh hfwlqj wkh h{shfwhg vxevwlwxwlrq h�hfw ehwzhhq
kljko| dqg orz�vnloohg zrunhuv wkdw lv dw zrun lq wkh idfh ri d wudlqlqj frvw dssolhg wr
orz�vnloohg zrunhuv1

Wklv h�hfw lv idu iurp sursruwlrqdo/ dqg wkh kljkhu wkh wudlqlqj frvw/ wkh odujhu wkh
odgghu h�hfw ehfrphv1 Lw frxog eh lqwhusuhwhg wkdw lq d vrflhw| zlwk udslg whfkqrorjlfdo
surjuhvv/ wkrvh ohvv txdol�hg zloo qhhg pruh wudlqlqj wr eh deoh wr zrun hyhq lq ohvv

4<
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txdol�hg ydfdqflhv1 Vwdwhg rwkhuzlvh/ wkh orz�vnloohg ydfdqflhv zloo uhtxluh odujhu vnloov
dqg wkh frvw ri txdoli|lqj orz�vnloohg zrunhuv zloo ulvh pruh wkdq sursruwlrqdoo|1

Wkhq/ kljko| vnloohg zrunhuv wdnh sulrulw| ryhu orz0vnloohg zrunhuv wr �oo wkhvh ydfdq0
flhv1 Wklv ohdgv wr dq lqfuhdvh lq orz0vnloohg xqhpsor|phqw1 Wkh h�hfw lv dq lqfuhdvh lq
wkh �odgghu� h�hfw lqglfdwru1

715 Vxsso| Vlgh= vnloohg oderxu irufh

Wkhuh lv d odujh dprxqw ri olwhudwxuh derxw wkh lqfuhdvh ri vnloov lq wkh oderxu irufh +vhh
Juhhq hw do1 +4<<<,,1 Wklv vhfwlrq dqdo|vhv wkh h�hfwv ri d shupdqhqw lqfuhdvh lq wkh
uhodwlyh vl}h ri wkh kljko| vnloohg oderxu irufh � d srvlwlyh vkliw lq u�*u, � zklfk pljkw
eh lqwhusuhwhg dv dq lqfuhdvh lq wkh djjuhjdwh hgxfdwlrq dwwdlqphqwv ri zrunhuv1

Iljxuhv 8�9 uhsruw wkh h�hfwv ri d vkrfn udqjlqj iurp 4 wr 4<( rq wkh vwhdg| vwdwh
ri vrph nh| yduldeohv fkdudfwhulvlqj wkh g|qdplfv lq wkh oderxu pdunhw1

Wkh �uvw gluhfw lpsolfdwlrq ri d shupdqhqw lqfuhdvh lq wkh uhodwlyh dydlodelolw| ri kljko|
vnloohg zrunhuv lv wr vkliw grzqzdug wkh suredelolw| iru wklv w|sh ri zrunhu wr �qg d mre1
Lqghhg/ wkh kljkhu uhodwlyh dydlodelolw| ri wklv w|sh ri oderxu fuhdwhv d frqjhvwlrq h�hfw rq
wkh vxsso| vlgh zklfk/ yld wkh pdwfklqj surfhvv/ pdnhv lw pxfk kdughu iru kljko| vnloohg
zrunhuv wr �qg d mre1 Wkxv/ dv fdq eh vhhq iurp Iljxuh 9/ erwk R�� dqg R�, gurs1 Iru
lqvwdqfh/ wkh suredelolw| iru d kljko| vnloohg zrunhu wr �qg d kljko| vnloohg mre glplqlvkhv
e| 7( lq idfh ri d 8( shupdqhqw lqfuhdvh lq u�*u,1 Rq wkh frqwudu|/ lw h{huwv d srvlwlyh
wudgh h{whuqdolw| wkdw ehqh�wv wkh �upv dqg pdnhv wkh suredelolw| ri �oolqj d ydfdqf|
kljkhu1 Qrwhzruwk| lv wkdw wklv h�hfw grhv h{lvw erwk iru kljko| vnloohg mrev +^��, dqg
orz�vnloohg mrev +^�, ,/ dv vnloohg zrunhuv pd| dsso| wr vxfk mrev1 Qhyhuwkhohvv/ wkh h�hfw
lv pruh surqrxqfhg rq kljko| vnloohg mrev1 Frqyhuvho|/ wkh suredelolw| wr �oo d orz�vnloohg
mre zlwk d orz�vnloohg zrunhu +^,, lv orzhuhg/ dv orz�vnloohg zrunhuv duh sursruwlrqdoo|
vfdufhu/ wkxv lqfuhdvlqj wkh frpshwlwlrq dprqj �upv dqg fuhdwlqj d uhodwlyh frqjhvwlrq
h�hfw1

Wkh pdujlqdo ydoxhv ri hpsor|phqw wkdw dovr ghshqg rq wkh oderxu pdunhw wljkwqhvv
wkurxjk wkh zdjh vhwwlqj phfkdqlvp gr qrw doo lqfuhdvh1 Lqghhg/ rqo| wkh pdujlqdo ydoxh
ri orz�vnloohg mrev lqfuhdvh zkloh wkdw ri kljko|�vnloohg rffxsdwlrqv ghfuhdvh1 Wklv lp0
solhv wkdw �upv srvw d kljkhu qxpehu ri orz�vnloohg ydfdqflhv zkhuhdv wkh qxpehu ri
kljko| vnloohg ghfuhdvhv/ dv Iljxuh 8 vkrzv1 Wklv wrjhwkhu zlwk wkh hyroxwlrq ri wkh sure0
delolw| wr �oo ydfdqflhv lpsolhv wkdw hpsor|phqw ri orz�vnloohg zrunhuv dqg kljko| vnloohg
zrunhuv hpsor|hg dv orz�vnloohg lqfuhdvh/ zkhuhdv wkdw ri kljko| vnloohg ghfuhdvhv1 Wkhuh0
iruh orz�vnloohg xqhpsor|phqw glplqlvkhv zkloh kljko| vnloohg xqhpsor|phqw lqfuhdvhv/
wkh ryhudoo h�hfw rq wrwdo xqhpsor|phqw ehlqj voljkwo| srvlwlyh1

Wkh ryhudoo h�hfw rq zdjhv lv hdvlo| xqghuvwrrg lq wkh oljkw ri suhylrxv uhvxowv dv lq0
fuhdvhv lq wkh pdujlqdo surgxfwlylw| ri doo w|shv ri hpsor|phqw h{huwv dq xszdug suhvvxuh
rq zdjhv/ zklfk lv frxqwhuhg e| wkh ghfuhdvh lq wkh wljkwqhvv ri wkh kljko| vnloohg oderxu
pdunhw1 Wkxv/ zkloh wkh uhdo zdjhv sdlg lq frpshqvdwlrq wr orz�vnloohg mre lqfuhdvh/
wkrvh sdlg wr kljko| vnloohg mre ghfuhdvhv1

Ehvlgh wkhvh djjuhjdwh h�hfwv/ wkh phdvxuh ri wkh odgghu h�hfw � dv uhsruwhg lq Iljxuh
: � uh hfwv wkh hduolhu vwru|/ dv lqfuhdvhv lq wkh uhodwlyh vl}h ri wkh kljko| vnloohg oderxu
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Iljxuh 8= Vwhdg| vwdwh lpsolfdwlrq ri uhodwlyh oderxu irufh vkrfn

1 1.05 1.1 1.15 1.2
-5

0

5

10

15

20

∆(Lh/Ll)/(Lh/Ll)

%
 D

ev
ia

tio
n

Prob. to fill up vacancies

qh
h

qh
l

ql

1 1.05 1.1 1.15 1.2
-15

-10

-5

0

5

∆(Lh/Ll)/(Lh/Ll)

%
 D

ev
ia

tio
n

Prob. to find a job

ph
h

ph
l

pl

1 1.05 1.1 1.15 1.2
-10

-8

-6

-4

-2

0

2

4

∆(Lh/Ll)/(Lh/Ll)

%
 D

ev
ia

tio
n

Hirings

Hh
h

Hh
l

Hl

1 1.05 1.1 1.15 1.2
-15

-10

-5

0

5

10

15

∆(Lh/Ll)/(Lh/Ll)

%
 D

ev
ia

tio
n

Marginal values

Xh
h

Xh
l

Xl

Iljxuh 9= Vwhdg| vwdwh lpsolfdwlrq ri uhodwlyh oderxu irufh vkrfn

55



1 1.02 1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

%
 D

e
vi

a
tio

n

∆(Lh/Ll)/(Lh/Ll)

Ladder effect (stock)

Iljxuh := Wkh odgghu h�hfw zkhq u�*u, fkdqjhv

irufh ohdg wr dq lqfuhdvh lq wkh odgghu/ lpso|lqj wkdw pruh h{whqvlyh xvh ri orz�vnloohg
zrunhuv lq orz�vnloohg mrev lv dw zrun1 Wklv lv h{sodlqhg dv wkh lqfuhdvh lq wkh suredelolw|
wr �oo d orz�vnloohg ydfdqf| zlwk d kljko| vnloohg zrunhu pdnhv lw zruwk lqfuhdvlqj wkh xvh
ri wklv w|sh ri oderxu1 Lq rwkhuv dq lqfuhdvh lq wkh dydlodelolw| ri kljko| vnloohg zrunhuv
lpsolhv wkdw �upv vxevwlwxwh orz�vnloohg zrunhuv iru kljko| vnloohg rqhv lq orz�vnloohg
rffxsdwlrqv1 Krzhyhu/ wklv lv qrw hqrxjk wr frpshqvdwh iru wkh ulvh lq wkh kljko| vnloohg
oderxu vxsso|/ lpso|lqj d odujhu ohyho ri kljko| vnloohg xqhpsor|phqw1 Lw vhhpv wr surylgh
d suhww| jrrg h{sodqdwlrq wr wkh srvlwlyh fruuhodwlrq ehwzhhq wkh ulvh lq wkh qxpehu ri
hgxfdwhg zrunhuv dqg lq wkh kljko| vnloohg xqhpsor|phqw udwh lq wkh Vsdqlvk hfrqrp|
gxulqj wkh hljkwlhv1

Iljxuhv iurp ; wr < �qdoo| uhsruw wkh wudqvlwlrqdo g|qdplfv ri hpsor|phqw/ xqhp0
sor|phqw dqg ydfdqflhv wkdw iroorzv d 8( ulvh lq wkh uhodwlyh dydlodelolw| ri kljko| vnloohg
oderxu irufh1 Dv h{shfwhg/ �upv lqvwdqwdqhrxvo| srvw d odujhu qxpehu ri orz�vnloohg yd0
fdqflhv zkhuhdv wkh qxpehu ri kljko| vnloohg ydfdqflhv gursv e| d odujhu dprxqw +:18(,1
Wkhuhiruh/ wkh suredelolw| ri �oolqj d kljko| vnloohg mre lqfuhdvhv gxh wr wkh qhjdwlyh
frqjhvwlrq h�hfw dqg wkdw dvvrfldwhg zlwk orz�vnloohg ydfdqflhv ghfuhdvhv e| d frqjhv0
wlrq h�hfw1 Wkhuhiruh/ kljko| vnloohg hpsor|phqw ghfuhdvhv zkdwhyhu lwv xwlolvdwlrq zkloh
orz�vnloohg hpsor|phqw lqfuhdvhv/ h{sodlqlqj wkh ehkdylrxu ri xqhpsor|phqw udwhv1

Qhyhuwkhohvv/ wkh ghfuhdvh lq kljko| vnloohg hpsor|phqw |lhogv dq lqfuhdvh lq wkh sure0
delolw| ri �oolqj d kljko| vnloohg ydfdqf|/ sxvklqj xszdug wkh pdujlqdo ydoxh ri kljko|
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Iljxuh ;= Wudqvlwlrqdo g|qdplfv lq xqhpsor|phqw dqg ydfdqflhv
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Iljxuh <= Wudqvlwlrqdo g|qdplfv lq hpsor|phqw

vnloohg hpsor|phqw/ vxfk wkdw diwhu wkhlu lqlwldo ghfolqh kljko| vnloohg ydfdqflhv jr xs0
zdug1 Krzhyhu/ wklv lv qrw hqrxjk wr sxvk kljko| vnloohg hpsor|phqw edfn wr wkh lqlwldo
vwhdg| vwdwh1

716 Frpsdudwlyh dqdo|vlv

Wklv dqdo|vlv ghvhuyhv dgglwlrqdo frpphqwv wkdw pd| vkhg oljkw rq wkh uhfhqw Vsdqlvk
h{shulhqfh1 Zh kdyh lqwurgxfhg erwk ghpdqg dqg vxsso| fkdqjhv1 Erwk vkrfnv duh
vljql�fdqw wr h{sodlq hyroxwlrq ri oderxu pdunhw yduldeohv/ exw wkh lpsruwdqfh ri wkhvh
fkdqjhv lv gl�huhqw1

Odgghu h�hfw dqg uhodwlyh zdjhv

Iurp wkh odvw wzr vhfwlrqv/ zh revhuyh wkdw erwk wudlqlqj frvw dqg uhodwlyh oderxu
irufh fkdqjhv duh lpsruwdqw wr h{sodlq wkh �odgghu h�hfw� dqg uhsurgxfh wkh vdph uhodwlyh
zdjhv hyroxwlrq1 Wkh| kdyh vlplodu h�hfwv lq erwk ihdwxuhv/ vxfk d odgghu h�hfw lqglfdwru
lqfuhdvhv1 Erwk h{sodlq wkdw kljko| vnloohg zrunhuv wdnh orz0vnloohg mrev ohdglqj wr d orz0
vnloohg xqhpsor|phqw shuvlvwhqfh1 Zkhq zh lqwurgxfh d fkdqjh lq wkh wudlqlqj frvw/ erwk
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Iljxuh 43= Ydfdqf| udwlr T �*T ,

kljko| vnloohg hpsor|phqw dqg orz0vnloohg hpsor|phqw sursruwlrqv ghfuhdvh +vhh Iljxuh
5,1 Vlqfh wkh iruphu gursv pruh wkdq wkh odwwhu/ wkh odgghu h�hfw lqglfdwru lqfuhdvhv
yhu| vljql�fdqwo|1 Qhyhuwkhohvv/ zkhq d fkdqjh lq wkh uhodwlyh kljko| vnloohg oderxu irufh
rffxuv wkh odgghu h�hfw lv gxh wr erwk dq lqfuhdvh lq kljko| vnloohg hpsor|phqw zrunlqj
lq orz0vnloohg mrev dqg wkh idfw wkdw orz0vnloohg hpsor|phqw lqfuhdvhv dw d vorzhu udwh
+vhh Iljxuh 8,1 Lq erwk vkrfnv uhdo zdjhv sdlg wr orz�vnloohg mre lqfuhdvh/ zkloh sdlg wr
kljko| vnloohg mre ghfuhdvhv1

Hpsor|phqw dqg ydfdqflhv

Wkhlu h�hfwv rq xqhpsor|phqw dqg ydfdqflhv udwhv duh wrwdoo| gl�huhqw1 Erwk fkdqjhv
uhsurgxfh wkh lqfuhdvh lq kljko| vnloohg xqhpsor|phqw revhuyhg wkh vwxglhg shulrg1 Krz0
hyhu/ wkh wudlqlqj frvw fkdqjh rqo| uhsurgxfhv wkh hpsor|phqw gdwd +vhh Wdeoh 4,1 Orz0
vnloohg xqhpsor|phqw rqo| lqfuhdvhv zlwk wkh lqwurgxfwlrq ri d wudlqlqj frvw1 Lq wkh rwkhu
vkrfn/ wkh orz0vnloohg xqhpsor|phqw udwh ghfuhdvhv1 Khqfh/ wkh wudlqlqj frvw fdq ehwwhu
h{sodlq wkh hyroxwlrq ri wkh �odgghu h�hfw�1

Iljxuhv 43045 uhsruw dfwxdo ydfdqflhv iru wkh Vsdqlvk hfrqrp| iru rxu ehqfkpdun
vdpsoh1 Wkh udwlr ri kljko| wr orz�vnloohg ydfdqflhv glplqlvkhv zlwklq wklv shulrg1 Lqghhg/
dv suhglfwhg e| wkh prgho xqghu dq| vkrfn wkh udwlr ri kljko| vnloohg ydfdqflhv wr orz0
vnloohg ydfdqflhv uhgxfhv +vhh Iljxuh 43,1 Lq wkh idfh ri d oderxu vxsso| vkrfn/ �upv srvw
d orzhu qxpehu ri kljko| vnloohg ydfdqflhv1 Wklv uhgxfwlrq lv hyhq odujhu lq wkh fdvh ri d
juhdwhu wudlqlqj frvw1 Ghfuhdvhv lq wkh qxpehu ri kljko| vnloohg ydfdqflhv zrxog udwkhu
eh h{sodlqhg e| erwk oderxu irufh dqg wkh wudlqlqj frvw vkrfnv dv vkrzq lq Iljxuh 441
Zkhq wkhuh zdv d fkdqjh lq wkh qxpehu ri kljko| vnloohg zrunhuv/ orz�vnloohg ydfdqflhv
lqfuhdvhg lq wkh prgho1 Zkloh wkh ghfuhdvh lq wkh qxpehu ri wkh orz�vnloohg ydfdqflhv
srvwhg revhuyhg iurp Iljxuh 45 surylghv hpslulfdo vxssruw wr wkh wudlqlqj frvw vkrfn1

Wkhvh uhvxowv duh xqghuvwrrg lq rxu iudphzrun ri whpsrudu| mrev iru kljko| vnloohg
hpsor|hhv zkr zrun lq orz0vnloohg mrev1 Wkh prgho lv exlow zlwk d h{rjhqrxv vhsdudwlrq
udwh ri 4 iru wklv jurxs1 Lw ohdgv wr kljko| vnloohg hpsor|hhv wr dffhsw orz0vnloohg ydfdqflhv
whpsrudulo|/ jlyhq wkdw d kljko| vnloohg zrunhu uhdoo| zdqwv wr �oo d kljko| vnloohg mre1 Lw
lv frqvlvwhqw zlwk wkh Vsdqlvk frqwh{w zkhuh �{hg0whup hpsor|phqw frqwudfwv duh pruh
 h{leoh iurp 4<;71 Wkh qxpehu ri whpsrudu| hpsor|phqw kdv jurzwk iurp 4819( lq 4<;8
wr 6619( lq 4<<9 +vhh Grodgr hw do1/ 5334,1 Iurp rxu uhvxowv/ �upv suhihu wr wdnh d kljko|
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Iljxuh 44= Kljko| vnloohg ydfdqflhv
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Iljxuh 45= Orz0vnloohg ydfdqflhv

5:



vnloohg zrunhu iru d orz0vnloohg mre wr dyrlg jhqhudo wudlqlqj frvwv ri orz0vnloohg zrunhuv/
zklfk lv lqwhusuhwhg dv d whfkqrorjlfdo fkdqjh1 Wklv ohdgv wr dq lqfuhdvh lq orz0vnloohg
xqhpsor|phqw1 Lw lv dovr frqvlvwhqw zlwk wkh lghd wkdw jhqhudo vnloov ri kljko| vnloohg
zrunhuv doorz pruh  h{lelolw| wr fkdqjh wkh mre1 Krzhyhu/ wkh lpsruwdqfh ri wkh lqfuhdvh
ri wkh qxpehu ri kljko| vnloohg zrunhuv lv qrw qhjoljleoh dw doo dv zh kdyh frpphqwhg
lq wklv vhfwlrq1 Wkh fkdqjh lq wkh oderxu vxsso| fdq dovr uhsurgxfh wkh lqfuhdvh lq wkh
lqglfdwru ri odgghu h�hfw lq Vsdlq1 Wkhvh uhvxowv lqglfdwh ixwkhu uhvhdufk vkrxog eh grqh
wr vwxg| lqwhuuhodwlrqv ehwzhhq ghpdqg dqg vxsso|1

8 Frqfoxvlrq

Wklv sdshu dwwhpswv wr vkhg oljkw rq dowhuqdwlyh h{sodqdwlrqv iru wkh �odgghu h�hfw�
skhqrphqrq/ zklfk lv d vljqlifdqw vrxufh ri Vsdqlvk xqhpsor|phqw shuvlvwhqfh1

Zh kdyh xvhg d fdoleudwhg yhuvlrq ri wkh prgho wr dvvhvv wkh lpsolfdwlrqv ri oderxu
ghpdqg dqg vxsso| vkrfnv1 Wkh oderxu ghpdqg vkrfnv duh uhodwhg wr wkh lqfuhdvh ri
wkh wudlqlqj frvw lq orz0vnloohg ydfdqflhv dqg duh vhhq dv d eldvhg whfkqrorjlfdo surjuhvv
djdlqvw orz�vnloohg zrunhuv1 Oderxu vxsso| vkrfnv/ riwhq dvvrfldwhg zlwk lqfuhdvhv lq wkh
qxpehu ri kljko|0vnloohg zrunhuv/ duh lqwurgxfhg dv lqfuhdvhv lq wkh uhodwlyh dydlodelolw|
ri d kljko|�vnloohg oderxu irufh1 Rxu uhvxowv lqglfdwh wkdw wkh odgghu h�hfw jhqhudwhg
e| wkh prgho pd| dffrxqw iru wkh uhfhqw Vsdqlvk h{shulhqfh1 Wkh prgho fdq uhsolfdwh
wkh revhuyhg ghfolqh lq wkh udwlr ri kljk wr orz�vnloohg ydfdqflhv/ dqg vkrzv krz �upv
vxevwlwxwh kljk iru orz�vnloohg hpsor|phqw1 Zh dujxh wkdw wkh Vsdqlvk odgghu h�hfw
uh hfwhg e| dq lqfuhdvh lq wkh wudlqlqj frvw dv d uhvxow ri d eldvhg vkrfn djdlqvw orz�vnloohg
zrunhuv lv ehwwhu uhsurgxfhg wkdq wkh lqfuhdvh lq wkh qxpehu ri kljko|0vnloohg zrunhuv1
Wkh srvlwyh fkdqjh lq wkh wudlqlqj frvw ri wkh orz0vnloohg zrunhuv ehwwhu uhsurgxfh wkh
hyroxwlrq rq hpsor|phqw dqg lq sduwlfxodu wkh ghfuhdvh ri orz0vnloohg hpsor|phqw/ dv
zhoo dv wkh hyroxwlrq ri wkh ydfdqf| gdwd1

Zkdw uhpdlqv wr eh lqyhvwljdwhg lv wkh h{whqw wr zklfk wkh odgghu0h�hfw phuho| uh hfwv
wkh uroh ri hgxfdwlrq dv dq hqwu| vfuhhqlqj ghylfh e| �upv/ zklfk lq wxuq zrxog lpso|
wkdw r!fldo mre ghvfulswlrqv pd| kdyh olwwoh uhodwlrq wr mre0frqwhqw1

Dsshqgl{ D

�TTi?_� ��� G #iU�t�L?t +�*it Lu 6�h4 m�

Uhfdoo wkdw surgxfwlrq ixqfwlrq ri wkh �up � lv jlyhq e|=

t�c| ' �gk
�c|Eu

���
�c�c|�

w
�
u���

,c�c| n u,� ,
�c|

��3k3w
� +D1414,

Dffxpxodwlrq ri fdslwdo lv/

g�c|n� ' U�c| n E�� B�g�c| +D1415,
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Wkh odz ri prwlrq ri hdfk w|sh ri hpsor|phqw duh jlyhq e|=
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�c�c|n� ' ^��c|T

�
�c| n E�� r���

�c�c| +D1416,
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�c|� +D1418,

Dw shulrg | lqvwdqwdqhrxv sur�w fdq eh h{suhvvhg dv

��c| ' t�c| � ��
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Wkhq wkh �up vroyhv wkh uhfxuvlyh sureohp

4@ CE78
�c|� ' ��c| n

�

� n o|n�
CE78

�c|n��

vxemhfw wr +D1414,�+D1419,1 Zh irup wkh Odjudqjldq iru wklv sureohp1 Ohw xv ghqrwh wkh
Odjudqjh pxowlsolhuv dvvrfldwhg wr g�c|c �

�
�c�c|/ �

�
,c�c| dqg � ,

�c| uhvshfwlyho| e| f&
�c|/ f

�
�c�c|/

f�
,c�c| dqg f ,

�c|1
Wkh �uvw rughu frqglwlrqv dvvrfldwhg wr wkh frqwuro yduldeohv lqyhvwphqw/ U�c| dqg

ydfdqflhv/ T �
�c| dqg T ,

�c|c duh jlyhq e|

f&
�c| ' � +D141:,

f�
�c�c| '

/�

^��c|
+D141;,

^�,c|f
�
,c�c| n ^,|E�� ^�,c|�f

,
�c| ' /, n y^,|E�� ^�,c|�� +D141<,

Htxdwlrq +D141:, uhsuhvhqwv rswlpdo ohyho ri lqyhvwphqw/ wkh pdujlqdo frvw ri fdslwdo jrrgv
iru wkh �up wkdw lv rqh1 Htxdwlrq +D141;, uhsuhvhqwv wkh rswlpdo ohyho ri kljko|�vnloohg
ydfdqflhv srvwhg e| d �up1 Wkh �uvw rughu frqglwlrq +D141<, lv wkh pdujlqdo ydoxh iru
wkh �up wr �oo d orz0vnloohg mre frpsohphqwhg e| dq dgglwlrqdo frvw ri wudlqlqj wr kluh d
orz0vnloohg zrunhu1

Wkh pdujlqdo ydoxhv ri wkh fdslwdo dqg wkh gl�huhqw w|shv ri hpsor|phqw iru wkh �up
duh jlyhq e| wkh hqyhorsh wkhruhp dv=
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Frpelqlqj erwk hqyhorsh frqglwlrqv dqg �uvw rughu frqglwlrqv/ zh jhw wkh Hxohu htxd0
wlrqv uhodwhg wr g�c|/ �
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nu,� ,
�c|n�
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�c|n� n E�� >�f ,

�c|n�

$
� +D14146,

Ixuwkhupruh/ sdudphwhuv zloo eh fkrvhq lq vxfk d zd| wkdw wkh �up zloo suhihu wr kluh
d kljko| vnloohg zrunhu lqvwhdg ri d orz vnloohg zrunhu iru dq xqvnloohg ydfdqf|/

f�
,c�c| A f ,

�c|�

Wklv frqglwlrq zloo eh vdwlv�hg dw wkh vwhdg| vwdwh1

�TTi?_� ��2 G A�i �L�ti�L*_t

Zh iroorz Dqgroidwwr +4<<9,/ lq rughu wr vroyh wkh sureohp ri krxvhkrogv1 Zrunhuv
 rzv duh ghwhuplqhg dffruglqj wr wkh pdwfklqj surfhvv zh ghvfulehg lq vhfwlrq 5161
Wkhuhiruh/ zrunhuv duh udqgrpo| vhohfwhg sod|lqj d jdph ri �pxvlfdo fkdluv�1 Dw wkh
ehjlqqlqj ri hdfk shulrg/ wkh zkroh oderxu irufh lv udqgrpo| vkx"hg dfurvv d jlyhq vhw
ri mrev1

D1514 Wkh orz0vnloohg frqvxphu sureohp

Wklv vhfwlrq suhvhqwv wkh ghulydwlrq ri wkh rswlpdo ehkdylrxu ri wkh orz�vnloohg frq0
vxphu/ lqvlvwlqj rq lqvxudqfh lvvxhv1

Dw wkh ehjlqqlqj ri hdfk shulrg orz�vnloohg krxvhkrogv idfh gl�huhqw suredelolwlhv ri
ehlqj hpsor|hg ru xqhpsor|hg dv wklv lv frqwlqjhqw rq lwv vwdwxv lq wkh oderxu pdunhw lq
wkh suhylrxv shulrg1 Wklv wkhuhiruh lpsolhv wkdw 2� gl�huhqw srvvleoh vwrulhv lq wkh oderxu
pdunhw duh wr eh frqvlghuhg diwhu Q shulrgv/ hdfk ri zklfk fruuhvsrqgv wr d sduwlfxodu
lqglylgxdo hpsor|phqw sdwk dqg wkhuhiruh d gl�huhqw vwru| ri dffxpxodwlrq1 Wklv ohdgv
wr khwhurjhqhlw|/ zklfk pdnhv wkh uhvroxwlrq ri wkh prgho h{wuhpho| frpsolfdwhg1 Iru
wkh vdnh ri vlpsolflw|/ zh iroorz Kdqvhq +4<;8,/ dqg dvvxph wkdw wkhuh h{lvwv d shuihfw
lqvxudqfh v|vwhp zklfk pd| holplqdwh h{�srvw khwhurjhqhlw|1

Wkh lqvwdqwdqhrxv xwlolw| ixqfwlrqv duh jlyhq e|

�,
�c| ' *L}E�,

�c| � K,� +hpsor|hg, +D1514,

�,W

�c| ' *L}E�,W

�c| � K,W� +xqhpsor|hg, +D1515,
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zkhuh �,
�c| dqg �,W

�c| duh wkh uhvshfwlyh lqvwdqwdqhrxv xwlolw| ixqfwlrqv iru hpsor|hg dqg
xqhpsor|hg krxvhkrogv1 Dv lq wkh pdlq erg| ri wkh wh{w/ zh ohw �,

�| dqg �,W

�| ghqrwh wkh
uhvshfwlyh orz0vnloohg krxvhkrog*v frqvxpswlrq zkhq hpsor|hg dqg xqhpsor|hg1 K, dqg
K,W fdq eh lqwhusuhwhg dv d xwlolw| frvw/ h{suhvvhg lq whupv ri jrrgv/ dvvrfldwhg zlwk wkh
vlwxdwlrq ri wkh krxvhkrog lq wkh oderxu pdunhw1 Zh dvvxph K, : K,W/ zklfk hqvxuhv wkdw
wkh frqvxpswlrq ri dq hpsor|hh lv juhdwhu wkdq wkdw ri dq xqhpsor|hg krxvhkrog1

Dw wkh yhu| ehjlqqlqj ri hdfk shulrg � ehiruh wkh pdwfklqj surfhvv kdv wdnhq sodfh
� wkh orz0vnloohg krxvhkrog grhv qrw nqrz zkdw wkh vlwxdwlrq/ hlwkhu hpsor|hg ru xq0
hpsor|hg/ zloo eh lq wkdw shulrg1 Dv d frqvhtxhqfh/ wkh krxvhkrog vhhnv wr pd{lplvh
khu h{shfwhg ydoxh1 Vlqfh wkhuh � ,

| ghqrwhv wkh shufhqwdjh ri orz�vnloohg krxvhkrogv wkdw
duh hpsor|hg1 Dqg q 5 Efc �� lv wkh glvfrxqw idfwru ri wkh krxvhkrog1 Wkh orz0vnloohg
krxvhkrog pd{lplvhv wkh sureohp

YuE7,
�c|� ' � ,

�c|�
,
�c| n E��� ,

�c|��
,W

�c| n qYuE7,
�c|n��c +D1516,

zkhuh vwdwh yduldeohv duh 7,
�c| ' 7,

�c|i�
,
��|c �

,W
�c|j ghshqglqj zkhwkhu wkh krxvhkrog lv hp0

sor|hg ru xqhpsor|hg/ duh wr eh frqvlghuhg1 Zh pdgh xvh ri wkh idfw wkdw e| gh�qlwlrq
ri R,| dqg wkh odz ri prwlrq ri � ,

|n�

� ,
|n� ' R,|E��� ,

|� n E�� >�� ,
| +D1517,

Wkh krxvhkrog idfhv wkh wzr exgjhw frqvwudlqwv

�,
�| n � ,|�

,
�| n�,

�|n� � E� n o|��
,
�| n �,

�|/ li hpsor|hg +D1518,

�,


�| n � ,|�
,
�| n�,


�|n� � E� n o|��
,


�| n �,�|/ li xqhpsor|hg +D1519,

zkhuh �,
�c| dqg �,W

�c| ghqrwh erqg kroglqjv fduulhg ryhu iurp wkh suhylrxv shulrg1 Dw wkh
ehjlqqlqj ri hdfk shulrg1 Wkh krxvhkrog uhfhlyhv wkh uhdo zdjh/ �,

�| zkhq hpsor|hg
dqg wkh lqvxudqfh sd|phqw/ �,�|/ zkhq xqhpsor|hg1 Lwv h{shqglwxuhv/ hlwkhu hpsor|hg ru
xqhpsor|hg/ duh frqvxpswlrq/ lqvxudqfh frqwudfwv sxufkdvhg dw sulfh � ,| dqg erqgv1

Wkh sureohp ri wkh krxvhkrog lv wkhuhiruh wr vroyh wkh Ehoopdq htxdwlrq � dqg
wkhuhiruh pd{lplvh wkh lqwhuwhpsrudo xwlolw| ixqfwlrq � vxemhfw wr +D1518, dqg +D1519,1
\,

�c| dqg \,W

�c|c ghqrwh wkh Odjudqjh pxowlsolhuv dvvrfldwhg zlwk exgjhw frqvwudlqw ri wkh
uhsuhvhqwdwlyh orz0vnloohg krxvhkrog zkhq hpsor|hg dqg xqhpsor|hg uhvshfwlyho|1 Wkh
sureohp pd| eh vwdwhg dv d Odjudqjldq lq wkh iroorzlqj zd|=56

O ' � ,
|�

,
�c| n E��� ,

|��
,W
�c| n qYuE7,

�c|n��

n� ,
|\

,
�c|

�
E� n o|��

,
�| n �,

�| � �,
�| � � ,|�

,
�| ��,

�|n�

�
nE��� ,

|�\
,W
�c|

�
E� n o|��

,


�| n �,�| � �,


�| � � ,|�
,
�| ��,


�|n�

�
Wkh �uvw rughu qhfhvvdu| frqglwlrqv dvvrfldwhg wr wkh sureohp duh wkhuhiruh Iluvw rughu
frqglwlrqv zlwk uhvshfw wr �,

�|/ �
,


�| c �
,
�| duh=

E�,
�| � K,�3� ' \,

�| +D151:,

E�,


�| � K,
�3� ' \,


�| +D151;,

�k,
�c|�

,
|\

,
�| n E�� k,

�c|�E�� � ,|�\
,


�| ' f +D151<,

56Qrwh wkdw wkh Odjudqjh pxowlsolhuv duh mxvw qrupdol}hg e| Q o
w dqg 4�Q o

w iru frqyhqlhqfh1
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Htxdwlrqv +D151:, dqg +D151;, vwdwh wkdw wkh Odjudqjh pxowlsolhuv \,
�| dqg \,


�|duh htxdo wr
wkh pdujlqdo ydoxh ri frqvxpswlrq/ frqvlghulqj wkh dowhuqdwlyh vwdwhv ri ehlqj hpsor|hg
ru xqhpsor|hg uhvshfwlyho|1 Wkh �uvw rughu frqglwlrq +D151<, uhsuhvhqwv wkh pdujlqdo
ydoxh wr eh ixoo| lqvxuhg djdlqvw xqhpsor|phqw1

Wkh �uvw rughu frqglwlrqv uhodwhg wr �,
�|n� dqg �,


�|n� duh=

\,
�| ' q

YYuE7,
�c|n��

Y�,
�|n�

+D15143,

\,W

�| ' q
YYuE7,

�c|n��

Y�,W

�|n�

+D15144,

Ilqdoo| wkh hqyhorsh wkhuhiruh lpsolhv

YYuE7,
�c|�

Y�,
�|

' E� n o|�\
,
�| +D15145,

YYuE7,
�c|�

Y�,W

�|

' E� n o|�\
,


�| +D15146,

Hqyhorsh frqglwlrqv wrjhwkhu zlwk �uvw rughu frqglwlrqv uhodwhg wr rswlpdo sruwirolr frp0
srvlwlrq |lhogv wkh iroorzlqj Hxohu frqglwlrqv=

\,
�| ' qE� n o|n��\

,
�|n� +D15147,

\,


�| ' qE� n o|n��\
,


�|n�� +D15148,

Lqvxudqfh Frpsdq| iru orz0vnloohg krxvhkrogv= Wkh h{shfwhg sur�w ri wkh lqvxudqfh
frpsdq| lv jlyhq e| wkh gl�huhqfh iurp wkh jdlq ri wkh sulph ri lqvxudqfh wlphv wkh
lqvxudqfhv dqg wkh sd|phqw ri lqvxudqfh wr shrsoh zkr zhuh xqhpsor|hg1 Zh dvvxph
iuhh hqwu| rq wkh lqvxudqfh pdunhw/ sur�wv duh gulyhq wr }hur/ vxfk wkdw

�| ' � ,|�
,
�| � E��� ,

|��
,
�| ' f

Zh dvvxph wkh frpsdq| lqvxuhv wkh fxuuhqw xqhpsor|phqw ulvn1 Wkh frpsdq| fdq
qrw gl�huhqwldwh iurp wkh vwdwh ri orz0vnloohg krxvhkrogv1 Shrsoh lqvxudqfh djdlqvw wkh
suredelolw| ri ehlqj xqhpsor|hg dqg wkh rswlpdo sulph iru wkh frpsdq| lv

� ,| ' ��� ,
| � +D15149,

Xvlqj wkhvh uhvxowv lq wkh rswlpdo fkrlfh iru lqvxudqfh +D15149, lq htxdwlrq +D151<,/ zh
hqg xs zlwk

\,
�c| ' \,W

�c|

iru orz0vnloohg krxvhkrogv/ zkhwkhu wkh| zhuh hpsor|hg ru xqhpsor|hg lq wkh suhylrxv
shulrg1 Wklv frqglwlrq dfwxdoo| vwdwhv wkdw wkh pdujlqdo xwlolw| ri zhdowk lv lqghshqghqw
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iurp wkh vwdwh ri wkh krxvhkrog lq wkh oderxu pdunhw/ zklfk wkhuhiruh holplqdwhv khwhur0
jhqhlw| lq vdylqj ehkdylrxu1 Xvlqj wklv frqglwlrq wrjhwkhu zlwk htxdwlrqv +D151:, dqg
+D151;,/ zh rewdlq �,

�| ' �,W

�| n K, � K,W� Orz0vnloohg krxvhkrogv kdyh gl�huhqw frqvxps0
wlrq ohyhov zkhq hpsor|hg ru xqhpsor|hg/ �,

�c| dqg �,W

�c|c exw wkh| suhihu wr eh frpsohwho|
lqvxuhg lq whupv ri xwlolw|1

Lw dovr lpsolhv wkdw htxdwlrqv +D15147, dqg +D15148, duh htxlydohqw dqg krxvhkrogv
dffxpxodwh wkh vdph txdqwlw| ri erqgv zkhwkhu wkh| duh hpsor|hg ru xqhpsor|hg/
�,

�|n� ' �,W

�|n� ' ��|n�� Dv d pdwwhu ri idfw/ krxvhkrogv fkrrvh wr eh frpsohwho| lq0
vxuhg/ dqg kdyh wkh vdph zhdowk lq dq| vwdwh1 Wklv lpsolhv wkdw vdylqj ghflvlrqv duh
lqghshqghqw ri wkh hpsor|phqw klvwru| ri wkh krxvhkrog1 Wkh rswlpdo lqvxudqfh lv irxqg
xvlqj frqvwudlqwv +D1518, dqg +D1519,=

�,�| ' �,
��c| n K, � K,W�

Dv vrrq dv krxvhkrogv fkrrvh wr eh ixoo| lqvxuhg/ dqg surylghg wkh hpsor|hg oderxu
irufh lv vhohfwhg udqgrpo| dfurvv mrev dw wkh ehjlqqlqj ri hdfk shulrg/ zh duh edfn zlwk
wkh vwdqgdug uhsuhvhqwdwlyh frqvxphu/ dqg wkh qrwdwlrq xvhg wr glvwlqjxlvk hpsor|phqw
vwdwxv pd| eh holplqdwhg1 Wkh uhsuhvhqwdwlyh orz0vnloohg krxvhkrog � pd{lplvhv wkh
h{shfwdwlrq ri wkh glvfrxqwhg vxp ri lwv lqvwdqwdqhrxv xwlolw| zlwk uhvshfw wr wkh frq0
vxpswlrq dqg wkh dvvhwv vkh krogv=

"[
|'f

q|
�
� ,

|�
,
�c| n E��� ,

|��
,


�c|

�
vxemhfw wr +D1514:,1 Htxdwlrq +D1514:, lv wkh frqvrolgdwhg exgjhw frqvwudlqw diwhu zh
lqwurgxfh shuihfw dvvxudqfh=

� ,
|�

,
�c| n E��� ,

|��
,


�c| n�,
�c|n� � � ,

|�
,
��| n E� n o|��

,
�c|� +D1514:,

D15151Wkh kljko|0vnloohg frqvxphu sureohp

Olnh wkh sureohp ri wkh orz�vnloohg zrunhu/ wkh kljko|�vnloohg zrunhu idfhv gl�huhqw
vwdwhv rq wkh oderxu pdunhw1

��
�c�|/ �

�
,c�|/ dqg ��


�| ghqrwh wkh uhvshfwlyh kljko|0vnloohg krxvhkrog*v frqvxpswlrq dqg

K�/ K, dqg K�W

fdq eh lqwhusuhwhg dv d xwlolw| frvw/ h{suhvvhg lq whupv ri jrrgv/ dvvrfldwhg
zlwk wkh vlwxdwlrq ri wkh krxvhkrog lq wkh oderxu pdunhw1 Zh vxssrvh wkdw K�

, ' K,/ jlyhq
wkdw wkh| zrun lq d orz0vnloohg mre1 Zh ixuwkhu dvvxph K� : K, : K�W

/ zklfk hqvxuhv
wkdw frqvxpswlrq ri dq hpsor|hh lq d kljko|0vnloohg ydfdqf| lv juhdwhu wkdq wkdw lq d
orz0vnloohg ydfdqf| dqg erwk juhdwhu wkdq wkdw ri dq xqhpsor|hg krxvhkrog1

��
�c�|/ �

�
,c�| dqg ��


�| ghqrwh frqwlqjhqw fodlpv sxufkdvhg e| wkh kljko|0vnloohg krxvhkrog
lq wkh suhylrxv shulrg1 Dw wkh ehjlqqlqj ri hdfk shulrg/ wkh krxvhkrog uhfhlyhv wkh
ydoxh ri erqgv sxufkdvhg lq wkh suhylrxv shulrg/ hlwkhu kljko|0hpsor|hg/ orz0hpsor|hg ru
xqhpsor|hg1 Vkh dovr uhfhlyhv wkh zdjh zkhq hpsor|hg dv d kljko|0vnloohg/ wkh zdjh zkhq
hpsor|hg dv d orz0vnloohg soxv wkh lqvxudqfh sd|phqw iru wklv xqvdwlvidfwru| vlwxdwlrq
dqg wkh lqvxudqfh sd|phqw zkhq xqhpsor|hg1 Lwv h{shqglwxuhv/ hlwkhu hpsor|hg ru
xqhpsor|hg/ duh frqvxpswlrq/ lqvxudqfh dqg sxufkdvh ri erqgv1
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Wkh lqvwdqwdqhrxv xwlolw| frqwlqjhqw wr eh hpsor|hg lq d kljko|0vnloohg ru orz0vnloohg
mre dqg xqhpsor|hg duh/

��
�c�| ' *L}E��

�c�| � K�� +hpsor|hg lq d kljko|0vnloohg mre, +D1514;,

��
,c�| ' *L}E��

,c�| � K,� +hpsor|hg lq d orz0vnloohg mre, +D1514<,

��W
�| ' *L}E�,W

�c| � K,W� +xqhpsor|hg, +D15153,

Dv lq wkh sureohp ri d orz�vnloohg zrunhu/ wkh kljko|0vnloohg krxvhkrog pd{lplvhv wkh
uhfxuvlyho| sureohp

YME7�
�|� ' ��

�c|�
�
�c�c| n��

,c|�
�
,c�c| n E����

�c| ���
,c|��

�W
�c| n qYME7�

�|n��c +D15154,

zkhuh vwdwh yduldeohv kdyh wkuhh dowhuqdwlyh vwdwhv ghshqglqj zkhwkhu wkh krxvhkrog lv
hpsor|hg dv kljko|0vnloohg ru orz0vnloohg ru xqhpsor|hg1 q 5 Efc �� lv wkh glvfrxqw idfwru1
Zh pdgh xvh ri wkh idfw wkdw e| gh�qlwlrq ri R��c|/ R

�
,c| dqg wkh odz ri prwlrq ri ��

�c|n�

dqg ��
,c|n�1

��
�c|n� ' R��c|E����

�c|� n E�� r���
�c| +D15155,

��
,c|n� ' R�,c|E����

�c|n��� +D15156,

Kljko| vnloohg zrunhu pd{lplvhv khu krxvhkrog*v sureohp wdnlqj lqwr dffrxqw khu
glvfrxqwhg h{shfwhg ydoxh� vroyh wkh Ehoopdq htxdwlrq vxemhfw wr wkh exgjhw frqvwudlqwv

��
�c�| n ��| �

�
�| n ��

W

| ��
W

�| n��
�c�|n� � E� n o|��

�
�c�| n ��

�c�| +D15157,
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,c�| n ��| �

�
�| n ��

W

| ��
W

�| n��
,c�|n� � E� n o|��

�
,c�| n ��

,c�| n ���| +D15158,

��


�| n ��| �
�
�| n ��

W

| ��
W

�| n��


�|n� � E� n o|��
�


�| n ��
W

�| +D15159,

zkhuh ��
W

�| dqg ���|c duh wkh lqvxudqfh frqwudfwv zlwk uhvshfwlyh sulfhv ��
W

| dqg ��| 1 Wkh
krxvhkrog fkrrvhv dprqj erwk w|sh ri frqwudfwv wr eh lqvxuhg djdlqvw wkh suredelolw|
ri ehlqj xqhpsor|hg ru hpsor|hg lq d orz0vnloohg mre1 Zkhq vkh zrunv dv d orz�vnloohg
hpsor|hh/ vkh uhfhlyhv ���| wr frpshqvdwh wkh zdjh gl�huhqwldo zlwk uhvshfw wr d kljko|�
vnloohg mre1 Zkhq xqhpsor|hg/ vkh uhfhlyhv ��

W

�| dv xqhpsor|phqw ehqh�w1 \�
�c�|/ \

�
,c�| dqg

\�


�| ghqrwh wkh Odjudqjh pxowlsolhuv dvvrfldwhg wr exgjhw frqvwudlqw ri wkh uhsuhvhqwdwlyh
kljko|0vnloohg krxvhkrog zkhq kljko|0hpsor|hg/ orz0hpsor|hg dqg xqhpsor|hg/ uhvshf0
wlyho|1

Dv lq wkh sureohp ri wkh orz�vnloohg zrunhu/ zh �uvw irup wkh Odjudqjldq
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Wkh �uvw rughu frqglwlrqv zlwk uhvshfw wr ��
�c�|/ �

�
,c�|/ �

�


�| c �
�
�| dqg ��

W

�| duh=

E��
�c�| � K��3� ' \�

�c�| +D1515:,

E��
,c�| � K,�3� ' \�

,c�| +D1515;,

E��


�| � K�W

�3� ' \�


�| +D1515<,

���
�c|�

�
|\

�
�c�| n��

,c|E�� ��| �\
�
,c�| � E����

�c| ���
,c|��

�
|\

�


�| ' f +D15163,

���
�c|�

�W

| \�
�c�| ���

,c|�
�W

| \�
,c�| n E����

�c| ���
,c|�E�� ��

W

| �\�


�| ' f� +D15164,

Htxdwlrqv +D1515:,/ +D1515;, dqg +D1515<, vwdwh wkdw wkh Odjudqjh pxowlsolhuv \�
�c�|/\

�
,c�|

dqg \�


�| duh htxdo wr wkh pdujlqdo ydoxh ri frqvxpswlrq lq wkh fruuhvsrqglqj vwdwh rq wkh
oderxu pdunhw1 Wkh �uvw rughu frqglwlrqv +D15163, dqg +D15164, uhsuhvhqw wkh pdujlqdo
ydoxhv wr eh ixoo| dvvxuhg wdnlqj lqwr dffrxqw wkh suredelolw| ri ehlqj hpsor|hg lq d
orz0vnloohg mre ru xqhpsor|hg uhvshfwlyho|1

Wkh �uvw rughu frqglwlrqv uhodwhg wr ��
�c�|n�/ �

�
,c�|n� dqg ��


�|n� duh=

\�
�c�| ' q

YYME7�
�|n��

Y��
�c�|n�

+D15165,

\�
,c�| ' q

YYME7�
�|n��

Y��
,c�|n�

+D15166,

\�W

�| ' q
YYME7�

�|n��

Y��


�|n�

� +D15167,

Hqyhorsh wkhruhp uhodwhg wr ��
�c�|/ �

�
,c�| dqg ��


�| |lhogv

YYME7�
�|�

Y��
�c�|

' E� n o|�\
�
�c�| +D15168,

YYME7�
�|�

Y��
,c�|

' E� n o|�\
�
,c�| +D15169,

YYME7�
�|�

Y��W

�|

' E� n o|�\
�W

�| � +D1516:,

Hqyhorsh frqglwlrqv wrjhwkhu zlwk �uvw rughu frqglwlrqv uhodwhg wr rswlpdo sruwirolr
frpsrvlwlrq |lhogv wkh iroorzlqj Hxohu frqglwlrqv=

\�
�c�| ' qE� n o|n��\

�
�c�|n� +D1516;,

\�
,c�| ' qE� n o|n��\

�
,c�|n� +D1516<,

\�


�| ' qE� n o|n��\
�


�|n�� +D15173,

Vlploduo| wr wkh orz0vnloohg sureohp/ zh fdq h{suhvv wkh sureohp ri dq lqvxudqfh
frpsdq| iru kljko|0vnloohg krxvhkrogv dv

� ' ��| �
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�| n ��

W

| ��
W
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,c|�
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�| � E����

�c| ���
,c|��

�W

�| ' fc
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iurp zklfk zh jhw ��| ' ��
,c| dqg ��

W

| ' E����
�c| ���

,c|�1
Wkhvh uhvxowv wrjhwkhu zlwk krxvhkrog*v �uvw rughu frqglwlrqv lpsolhv=

\�
�c�| ' \�

,c�| ' \�


�|

��
�c�| ' ��

,c�| ' ��


�|

zklfk/ wrjhwkhu zlwk wkh Iulvfkldq ghpdqg iru frqvxpswlrq/ |lhogv

��
�c�| � K� ' ��

,c�| � K, ' ��

�| � K
�

Wkhuhiruh/ wkh ohyhov ri lqvxudqfh duh jlyhq e| ���| ' ��
�c�| n K, � K� � ��

,c�| dqg ��
W

�| '

��
�c�| n K�W

� K�1
Wr vxppdulvh/ dv lq wkh orz�vnloohg zrunhu sureohp/ dv vrrq dv krxvhkrogv fkrrvh wr eh

ixoo| lqvxuhg/ dqg surylghg wkh hpsor|hg oderxu irufh lv vhohfwhg udqgrpo| dfurvv mrev dw
wkh ehjlqqlqj ri hdfk shulrg/ zh duh edfn zlwk wkh vwdqgdug uhsuhvhqwdwlyh frqvxphu/ dqg
wkh qrwdwlrq xvhg wr glvwlqjxlvk hpsor|phqw vwdwxv pd| eh holplqdwhg1 D uhsuhvhqwdwlyh
kljko|0vnloohg krxvhkrog � wkhuhiruh pd{lplvhv wkh h{shfwdwlrq ri wkh glvfrxqwhg vxp ri
khu lqvwdqwdqhrxv xwlolw| zlwk uhvshfw wr wkh frqvxpswlrq dqg wkh dvvhwv vkh krogv=
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|'f

q|
�
��

�c|�
�
�c�c| n��

,c|�
�
,c�c| n E����

�c| ���
,c|��

�


�c|

�

vxemhfw wr +D15174,1 Htxdwlrq +D15175, lv wkh frqvrolgdwhg exgjhw frqvwudlqw zkhq zh
lqwurgxfh shuihfw dvvxudqfh=
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�c|�

�
�c�c| n��

,c|�
�
,c�c| n L�

| �
�


�c| n��
�c|n� � ��

�c|�
�
�c��| n��

,c|�
�
,c��| n E� n o|��

�
�c|� +D15174,

�TTi?_� ��� G @̀}i _i|ih4�?@|�L?

Wklv vhfwlrq lv ghyrwhg wr wkh h{srvlwlrq ri wkh zdjh edujdlqlqj surfhvv/ zklfk lv
ghwhuplqhg e| d Qdvk edujdlqlqj fulwhulrq/ wkhuhiruh |lhoglqj d vxusoxv vkdulqj uxoh1 Dw
wkh ehjlqqlqj ri hyhu| shulrg d uh0qhjrwldwlrq vlpxowdqhrxvo| rffxuv ehwzhhq wkh �up
dqg zrunhuv ri hdfk jurxs1 Rwkhuzlvh wkhuh zloo eh pdq| zdjhv dv zrunhuv dqg wkh
pdfurhfrqrplf g|qdplf zrxog eh grqh zlwk uhvshfw wr d zdjhv glvwulexwlrq1 Wkhuhiruh/
zrunhuv qhjrwldwh wkhlu zdjhv zlwk wkh �up dqg wkh| dffrxqw iru vhsdudwlrqv dqg klulqjv
suredelolwlhv1

Wkh zdjh vhwwlqj ehkdylrxu lv rewdlqhg pd{lplvlqj wkh iroorzlqj Qdvk fulwhulrq zlwk
uhvshfw wr wkh zdjhv zklfk pd{lplvh wkh zhljkwhg surgxfw ri wkh zrunhuv* dqg wkh �up*v
qhw uhwxuq iurp wkh gl�huhqw mre pdwfk1

Wkh jdlqv ri wkh �up fruuhvsrqgv wr pdujlqdo ydoxhv1 Wkxv/ ohw l�
�c�| wkh vxusoxv ri

wkh �up dvvrfldwhg wr hdfk jurxs ri hpsor|phqw1 Wkh jdlqv iru zrunhuv* fruuhvsrqg
wr wkh vxp ri wkh xwlolwlhv zkhq wkh| duh hpsor|hg plqxv wkh vxp ri xwlolwlhv zkhq wkh
qhjrwldwlrq idlov dqg wkh| ehfrph xqhpsor|hg1 Ohw

[�
��|

\�|
wkh gl�huhqw vxusoxv ri zrunhuv

dvvrfldwhg wr hdfk jurxs ri zrunhuv lq whupv ri jrrgv1 Zkhuh E� c �� ' iE�c ��c E�c ,�c E,c ��j
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dqg 1�� duh wkh h{rjhqrxv sdudphwhuv ri edujdlqlqj srzhuv ri hdfk jurxs ri zrunhuv1 Wkxv/
wkh Qdvk edujdlqlqj fulwhulrq sureohp wr vroyh lv

4@ 
��

���|

�
l�

�c�|

��31��

�
[�

��|

\�|

�1��

�

Zh gh�qh wkh vxusoxv ri wkh �up dqg wkh zrunhuv dv iroorzlqj=

D16141 Wkh �up � vxusoxv

Ohw xv �uvw fkdudfwhulvh wkh vxusoxv zklfk dffuxhv wr d �up � zkhq lw hpsor|v d kljko|�
vnloohg zrunhu rq d kljko|�vnloohg srvlwlrq1 Wklv lv hvvhqwldoo| jlyhq e| wkh pdujlqdo
ydoxh ri d kljko|�vnloohg hpsor|phqw/ l�

�c�|1 Iurp wkh rswlpdo frqglwlrq dvvrfldwhg zlwk
d kljko|�vnloohg hpsor|phqw/ zh jhw

l�
�c�| ' w

t�|

u���
�c�|

� ��
�c��| n E�� r�f�

�c�| +D1614,

Olnhzlvh lq wkh fdvh ri d kljko|�vnloohg zrunhu hpsor|hg rq d orz�vnloohg srvlwlrq/ wkh
pdujlqdo ydoxh ri hpsor|phqw lv jlyhq e|

l�
,c�| ' E�� k� w�

t�|

u���
,c�| n u,� ,

�|

� ��
,c��|� +D1615,

Ilqdoo|/ zkhq lw kluhv dq dgglwlrqdo orz�vnloohg zrunhu/ wklv jdlq lv jlyhq e|

l,
�| ' E�� k� w�

t�|

u���
,c�| n u,� ,

�|

� �,
��| n E�� >�f ,

�| +D1616,

zkhuh f�
�c�| dqg f ,

�| duh wkh Odjudqjh pxowlsolhuv dvvrfldwhg wr hpsor|phqw odzv ri
prwlrq1

D16151Wkh krxvhkrog � vxusoxv

Ohw xv qrz suhvhqw wkh ghwhuplqdwlrq ri wkh vxusoxv zklfk dffuxhv wr hdfk w|sh ri
zrunhu1

Wkh orz�vnloohg zrunhu=

D orz�vnloohg zrunhu/ zkhq hpsor|hg lq shulrg |/ lqvwdqwdqhrxvo| ghulyhv xwlolw| dv0
vrfldwhg wr khu h{wud jdlqv lq wkh oderxu pdunhw +\�| wlphv wkh zdjh uhyhqxhv qhw ri
glvxwlolw| ri oderxu lq whupv ri jrrgv,1 Ixuwkhupruh/ lq wkh qh{w shulrg/ vkh pd| vwloo eh
hpsor|hg zlwk suredelolw| E� � >� ru odlg r� zlwk suredelolw| >1 Wkhuhiruh/ wkh xwlolw|
jdlq ri dq hpsor|hg orz�vnloohg zrunhu lq wkh oderxu pdunhw/ Ce

,c�|/ lv jlyhq e|

Ce
,c�| ' \�|E�

,
��| � K,� n q

�
E�� >�Ce

,c�|n� n >C�
,c�|n�

�
zkhuh \�|

57 lv wkh pdujlqdo xwlolw| ri frqvxpswlrq1 Olnhzlvh/ zkhq xqhpsor|hg/ wkh
orz0vnloohg krxvhkrog jhwv/ C�

,�|

C�
,c�| ' �\�|K

,W n q
�
R,c|C

e
,c�|n� n E�� R,c|�C

�
,c�|n�

�
�

57Iurp Dsshqgl{ D14/ zh fdq vhh wkdw �o
l>w @ �o�

l>w @ �l>w
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Wkhq/ wkh qhw vxusoxv ri d orz�vnloohg zrunhu lq wkh oderxu pdunhw lv jlyhq e|

[,
�| � Ce

,c�| �C�
,c�| ' \�|E�

,
��| n K,
 � K,� n qE�� >� R,c|�[

,
�|n�� +D1617,

Wkh kljko|�vnloohg zrunhu=

D kljko|�vnloohg zrunhu pd| eh hpsor|hg hlwkhu lq d kljko|�vnloohg ru d orz�vnloohg
ydfdqf|/ ru pd| eh xqhpsor|hg1 Zkhq hpsor|hg dv d kljko|�vnloohg zrunhu/ vkh lqvwdqwd0
qhrxvo| ghulyhv xwlolw| \�|E`

�
| �K��/ dqg lq wkh iroorzlqj shulrg vkh pd| eh xqhpsor|hg

ru hpsor|hg rq hlwkhu d kljko| ru d orz�vnloohg srvlwlrq1 Wkhuhiruh/ wkh xwlolw| jdlq lq wkh
oderxu pdunhw iru d kljko|�vnloohg zrunhu hpsor|hg rq d kljko|�vnloohg srvlwlrq lv jlyhq
e|

C�
�c�| ' \�|E�

�
�c��| � K�� n q

�
E�� r�C�

�c�|n� n rR�,c|C
�
,c�|n�n

nrE�� R�,c|�C
�
�c�|n�

�

zkhuhC�
�c�|/ C

�
,c�| dqgC

�
��| uhvshfwlyho| ghqrwh wkh xwlolw| jdlq zkhq d kljko|�vnloohg zrunhu

hpsor|hg lq d kljko|�vnloohg mre/ lq d orz�vnloohg mre ru xqhpsor|hg zrunhu1
Iroorzlqj wkh vdph surfhgxuh/ wkh ydoxh ri d kljko|0vnloohg zrunhu hpsor|hg lq d

orz�vnloohg srvlwlrq lv

C�
,c�| ' \�|E`

�
,c��| � K,� n q

�
R��c|C

�
�c�|n� n E�� R��c|�R

�
,c|C

�
,c�|n�n

nE�� R�,c|�E�� R��c|�C
�
�c�|n�

�

dqg vlploduo| wkh ydoxh zkhq xqhpsor|hg lv

C�
�c�| ' �\�|K

�


n q

�
R��c|C

�
�c�|n� n E�� R��c|�R

�
,c|C

�
,c�|n�n

nE�� R�,c|�E�� R��c|�C
�
�c�|n�

�
�

Wkh vxusoxv ri d kljko|�vnloohg zrunhu/ zkhq hpsor|hg rq d kljko|�vnloohg srvlwlrq/ lv
dfwxdoo| jlyhq e| wkh jdlq iurp ehlqj hpsor|hg dv d kljko|0vnloohg zrunhu plqxv wkh jdlq
iurp ehlqj hpsor|hg dv d orz�vnloohg zrunhu wlphv wkh suredelolw| wkdw wklv hyhqw rffxuv/
plqxv wkh jdlq iurp ehlqj xqhpsor|hg/ wlphv wkh suredelolw| ri ehlqj xqhpsor|hg1 Vxfk
wkdw wkh ryhudoo vxusoxv lv jlyhq e| +xvlqj wkh odz ri odujh qxpehu,

[�
�c�| � C�

�c�| � R�,c|3�C
�
,c�| � E�� R�,c|3��C

�
�c�| ' \�|E�

�
,c��| n K�


� K,�

[�
�c�| ' \�|

�
��

�c��| � K� �
��

,c|

����
�c|

E��
,c��| � K,�

n

#
��

��
,c|

����
�c|

$
K�W

�
n E�� r� R��c|�[

�
�c�|n�� +D1618,

Zkhq edujdlqlqj rq d orz�vnloohg mre/ wkh rqo| rssruwxqlw| ohiw lv xqhpsor|phqw vxfk
wkdw wkh vxusoxv lv qrz jlyhq e| wkh gl�huhqfh ehwzhhq wkh xwlolw| jdlqv iurp ehlqj
hpsor|hg rq d orz�vnloohg srvlwlrq plqxv wkh xwlolw| jdlqv iurp ehlqj xqhpsor|hg

[�
,c�| � C�

,c�| �C�
�c�| ' \�|E`

�
,c��| n K�


� K,�� +D1619,
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Zh qrz h{dplqh wkh Qdvk edujdlqlqj surfhvv wkdw ghwhuplqhv wkh uhdo zdjh lq hdfk
fdvh1

Wkh Qdvk�Edujdlqlqj surfhvv

Wkh zdjh vhwwlqj ehkdylrxu lv rewdlqhg pd{lpl}lqj wkh iroorzlqj Qdvk fulwhulrq

4@ 
` �

���|

�
l�

�c�|

��31��

�
[�

��|

\�|

�1��

zkhuh E� c �� ' iE�c ��c E�c ,�c E,c ��j1 Wkh �uvw rughu frqglwlrq dvvrfldwhg wr wklv surjudp
� pdnlqj xvh ri wkh gh�qlwlrqv ri wkh fruuhvsrqglqj vxusoxvhv � |lhogv

1��
�� 1��

l�
�c�| '

[�
�c�|

\�|

�

Wkh pdujlqdo ydoxhv ri hpsor|phqw ri wkh krxvhkrog dqg wkh �up wrjhwkhu zlwk wkh deryh
htxdwlrq lpsolhv

��
�c| ' 1��

#
w

t|

u���
�c|

n R��c|f
�
�c|

$
n E�� 1���

#
K�n

n
��

,c|

�3��
�c|

E��
,c| � K,�

$
+D161:,

��
,c| ' 1�,

#
E�� k� w�

t�|

u���
,c�| n u,� ,

�|

$
n E�� 1���K

, +D161;,

�,
| ' 1,

#
E�� k� w�

t�|

u���
,c�| n u,� ,

�|

n R|f
,
|

$
n E�� 1,�K, +D161<,

dvvxplqj d v|pphwulf htxloleulxp/ dqg xvlqj wkh idfw wkdw/ lq rxu fdoleudwlrq/ Zh kdyh
dvvxphg K,W ' K�W

' f1

Dsshqgl{ E= Vw|olvhg idfwv dqg gdwd gh�qlwlrqv

Vsdqlvk hgxfdwlrq ohyhov kdyh vwhdglo| jurzq iurp wkh ehjlqqlqj ri wkh ;3*v dqg
hvshfldoo| iurp wkh plggoh ri wkh ;3*v1 Zh fdq vhh lq Wdeoh BB wkh hyroxwlrq ri hgxfdwlrq
ohyho iru wkh Vsdqlvk oderxu irufh1 Wkh Loolwhudwh dqg Sulpdu| Vfkrrolqj kdyh vwhdglo|
uhgxfhg wkh zhljkw lq wkh Vsdqlvk oderxu irufh1 Wkh lqfuhdvh lq hgxfdwlrq kdv juhdwo|
hqodujhg wkh vhfrqgdu| jurxs dqg kdv pdgh wkh wrs hgxfdwhg shrsoh +Xsshu0vhfrqgdu|
.Vxshulru vfkrrolqj, lqfuhdvh lwv zhljkw e| 433( lq wkh oderxu irufh1

Exw wkh prvw sureohpdwlf lvvxh lv wkh kljk shuvlvwhqfh ri wkh xqhpsor|phqw udwhv lq
wkrvh orz0vnloohg jurxsv1 Loolwhudwh dqg Sulpdu| Vfkrrolqj kdyh zruvhqhg wkhlu xqhpsor|0
phqw udwhv gxulqj wkh odvw ghfdgh zkloh wkh wrs hgxfdwhg odujho| uhgxfh xqhpsor|phqw
udwhv lq wkh errpv dqg gr qrw lqfuhdvh vr pxfk lq wkh fulvlv +vhh Wdeoh BB,1

Hpsor|phqw gdwd
Olqnhg oderxu Srsxodwlrq Vxuyh| +Hqfxhvwd gh Sreodflöq Dfwlyd hqod}dgd/ HSD khuh0

diwhu,1 Wklv txduwhuo| vxuyh| froohfwv gdwd ri vdph lqglylgxdov gxulqj vl{ frqvhfxwlyh
txduwhuv shulrgv1 Lw fryhuv d odujh qxpehu ri lqglylgxdov dqg fkdudfwhulvwlfv/ vxfk dv
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irupdo hgxfdwlrq dwwdlqphqw/ rffxsdwlrq/ hpsor|phqw vwdwxv/ djh dqg jhqghu1 Iru rxu
hvwlpdwlrqv dqg vw|olvhg idfwv zh kdyh xvhg wkh gh�qlwlrqv ri hgxfdwlrq dqg rffxsdwlrq
lq wkh olqnhg HSD vxuyh|1581 Zh kdyh hvwlpdwhg rxu gdwd lq wkh lqwurgxfwlrq dqg lq wkh
vhfwlrq gdwd dqg fdoleudwlrq dw iroorzlqj1 Zh kdyh glylghg dv ehorz ehwzhhq kljk dqg orz
vnloohg fdwhjrulhv wkh hgxfdwlrq dqg wkh rffxsdwlrq1 Wkhq/ zh kdyh revhuyhg wkh vwdwh ri
zrunhu lq wkh shulrg dqg khu vlwxdwlrq e| hgxfdwlrq dqg e| rffxsdwlrq wr hvwlpdwh wkh
shufhqwdjhv ri oderxu pdunhw +l1h1 ��

� ' d shuvrq zkr lv kljko|0hgxfdwhg dqg lv hpsor|hg
lq d kljko|0vnloohg fdwhjru|,1 Wr hvwlpdwh suredelolwlhv zh kdyh revhuyhg dq xqhpsor|hg
zrunhu zlwk khu hgxfdwlrq lq d shulrg dqg zh hvwlpdwhg zkdw wkh suredelolw| zrxog eh
wkdw wkh vdph shuvrq wdnh d kljk ru orz vnloohg mre lq wkh qh{w shulrg1 Gdwd duh hvwlpdwhg
e| txduwhuv iurp 4<;; wr 4<<91

Gh�qlwlrqv=

� Zh xvh 8 jurxsv ri hgxfdwlrq=

41 Loolwhudwh dqg xqhgxfdwhg shuvrqv1
51 Sulpdu| hgxfdwlrq1
61 Orz0vhfrqgdu| hgxfdwlrq1
71 Xsshu0vhfrqgdu| hgxfdwlrq1
81 Vxshulru1

Kljko|�vnloohg lqglylgxdov duh gh�qhg/ iru rxu sxusrvh/ dv wkrvh zlwk d ohyho ri hgx0
fdwlrq juhdwhu ri htxdo wr xsshu0vhfrqgdu| hgxfdwlrq1 Wkhuhiruh/ orz�vnloohg lqglylgxdov
hvvhqwldoo| frqvlvw ri loolwhudwh dqg xqhgxfdwhg shuvrqv/ sulpdu| ru orz�vhfrqgdu| hgx0
fdwhg shrsoh1

� Zh xvh 43 jurxsv ri rffxsdwlrq +udqjh 3�< lq HSD dqg LQHP fodvvl�fdwlrq,=

41 41Exvlqhvv dqg flylo vhuylfh pdqdjhphqw1

51Whfkqlfldqv dqg vflhqwl�fv dqg lqwhoohfwxdo surihvvlrqdov1

61Whfkqlfldqv dqg vxssruw surihvvlrqdov1

71Fohulfdo hpsor|hhv1

81Zrunhuv lq uhvwdxudqw/ fdwhulqj/ shuvrqdo dqg vhfxulw|1

91Vnloohg djulfxowxudo dqg �vklqj zrunhuv1

:1Duwhvdqv dqg vnloohg pdqxidfwxulqj/ frqvwuxfwlrq dqg plqlqj +Fudiw0Wudgh zrun0
huv,1

;1Idflolwlhv dqg pdfklqh rshudwruv/ �wwhuv +Sodqw0Pdfklqh Rshudwruv,1

<1Xqvnloohg zrunhuv1

431Duphg Irufhv1

58Iru hvwlpdwlrqv ri sursruwlrqv dqg suredelolwlhv zh kdyh xvhg wkh VDV +Vwdwlwlfdo Dqdo|vlv V|vwhp,
surjudp1
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Kljko|�vnloohg rffxsdwlrqv duh wdnhq wr eh pdqdjhuv/ surihvvlrqdov/ whfkqlfldqv dqg
vxssruw surihvvlrqdov +udqjh 4�6 lq HSD fodvvl�fdwlrq,/ wkh uhvw +udqjh 3/7�< lq HSD,
duh duphg irufhv/ fohunv/ vhuylfh/ vnloohg djulfxowxudoq�vklqj/ Fudiw0Wudqvsruw/ Sodqw0
Pdqxidfwxuh dqg xqvnloohg jurxs, lv wdnhq wr gh�qh orz�vnloohg rffxsdwlrqv1
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Uhihuhqfhv

Doed0Udpluh}/ D1+4<<6,1 cPlvpdwfk lq wkh Vsdqlvk oderxu Pdunhw*/Wkh Mrxuqdo ri Kxpdq

Uhvrxufhv/ 5;/ 58<05:;1

Dqgroidwwr/ G1+4<<9,1 cExvlqhvv f|fohv dqg oderxu�pdunhw vhdufk*/ Dphulfdq Hfrqrplf

Uhylhz ;9/ ss1 445�4651

Ehqhlwr/ S1/ Ihuul/ M1/ Prowr/ P1O1 dqg Xulho/ H1 +4<<9,1 cGhvdmxvwh hgxfdwlyr | irupdflrq

oderudo hvshfldol}dgd= h�hfwrv vreuh orv uhqglplhqwrv vdoduldohv*/ ZS0HF <9044/ Xqlyhuvlgdg gh

Ydohqfld1

Elvkrs/ M1K1 +4<<9,1 cZkdw zh nqrz derxw hpsor|huv0surylghg wudlqlqj= d uhylhz ri wkh

olwhudwxuh* FDKUV Zrunlqj Sdshu <903</ Fruqhoo Xqlyhuvlwlw|1

Eodqfkdug/ R1M1 +4<<:,1 cPdfurhfrqrplfv dqg srolf| lpsolfdwlrqv ri vkliwv lq wkh uhodwlyh

ghpdqg iru vnloov*/ lq Xqhpsor|phqw Srolf|= jryhuqphqw rswlrqv iru wkh oderxu pdunhw/ hglwhg

e| Vqrzhu G1 dqg gh od Ghkhvd J1/ FHSU 4<<:1

Eodqfr/ M1P1 +4<<:,1 cFrphqwdulrv dfhufd gho ghvdmxvwh hgxfdwlyr hq Hvsdqd*/ Ho Phufdgr

gh Wudedmr hq Shuvshfwlyd Hxurshd lq Sdshohv gh od Hfrqrpld Hvsdôrod/ :51

Erxfhnnlqh/ U1 +4<<8,1 cDq dowhuqdwlyh phwkrgrorj| iru vroylqj qrqolqhdu iruzdug0orrnlqj

prghov*/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ 4<+7,= :440:671

Gðd}0Pruhqr/ F dqg Jdogöq/ M1H1 +5333,1 cMre fuhdwlrq/ mre ghvwuxfwlrq dqg wkh g|qdplfv

ri Vsdqlvk �upv*/ Lqyhvwljdflrqhv Hfrqöplfdv/ yro1 57+6,/ ss1878�8951

Grodgr/ M1 M1/ Ihojxhurvr/ I1/ Mlphqr/ M1 I1 +5333,1 c\rxwk oderxu pdunhwv lq Vsdlq= Hgx0

fdwlrq/ wudlqlqj/ dqg furzglqj0rxw*/ Hxurshdq Hfrqrplf Uhylhz +77, 709 ss1 <760<891

Grodgr/ M1M1/ Jdufðd0Vhuudqr/ F1 dqg Mlphqr/ M1I1 +5334,1 cGudzlqj Ohvvrqv iurp wkh Errp

ri Whpsrudu| Mrev lq Vsdlq*/ IHGHD/ Grfxphqwr gh Wudedmr 53340441

Guë}h/ M1K1 dqg Vqhhvvhqv/ K1 +4<<:,1 cWhfkqrorjlfdo ghyhorsphqw/ frpshwlwlrq iurp orz0

zdjh hfrqrplhv dqg orz0vnloohg xqhpsor|phqw* lq Xqhpsor|phqw Srolf|= jryhuqphqw rswlrqv

iru wkh oderxu pdunhw hglwhg e| Vqrzhu G1 dqg gh od Ghkhvd J1/ FHSU 4<<:1

Jdufðd0Prqwdoyr/ M1+4<<8,1 cHpsohr | vreuhfxdol�fdflrq= Ho fdvr Hvsdqro*/ Grfxphqwr gh

Wudedmr <8053/ Rfwxeuh/ IHGHD1

Jdufld0Vhuudqr/ F1 dqg Pdor/ P1D1 +4<<9,1 cGhvdmxvwh Hgxfdwlyr | Prylolgdg Oderudo hq

Hvsdôd*/ Uhylvwd gh Hfrqrpld Dsolfdgd1 Qýphur 44 Yro1 LY 4<<9/ ss1 43804641

Jdxwlhu/ S1D1 +4<<<,1 cXqhpsor|phqw dqg Vhdufk H{whuqdolwlhv lq d prgho zlwk Khwhurjh0

qhrxv Mrev dqg Khwhurjhqhrxv Zrunhuv*/ Hfrqrplfd 53341

Judqlhu/ S1 dqg Plfkho/ S1 +4<<7,1 cOhv frq lwv g*lqwìuíw hqwuh wudydloohxuv txdol�ìv hw wud0

ydloohxuv qrq txdol�ìv*/ Hfrqrplh hw Suìylvlrq q�4481

Juhhq/ I1/ Pflqwrvk/ V1 dqg Yljqrohv/ D1 +4<<<,1 cRyhuhgxfdwlrq* dqg Vnloov0Foduli|lqj wkh

Frqfhswv*/ FHS Glvfxvvlrq sdshu q� 7681

Kdqvhq/ J1 G1 +4<;8,1 cLqglylvleoh oderxu dqg wkh exvlqhvv f|foh* Mrxuqdo ri Prqhwdu|

Hfrqrplfv/ 49/ ss1 63<�65:1

Mxloodug/ P1 +4<<9,1 cG\QDUH= d surjudp iru wkh uhvroxwlrq dqg vlpxodwlrq ri g|qdplf

prghov zlwk iruzdug yduldeohv wkurxjk wkh xvh ri d uhod{dwlrq dojrulwkp*/ FHSUHPDS/ Zrunlqj

Sdshu <9351

Nuxjpdq/ S1 +4<<7,1 cSdvw dqg Survshfwlyh Fdxvhv ri Kljk Xqhpsor|phqw*/ Uhgxflqj

Xqhpsor|phqw= Fxuuhqw Lvvxhv dqg Srolf| Rswlrqv lq d V|psrvlxp Vsrqvruhg e| wkh Ihghudo

Uhvhuyh Edqn ri Ndqvdv Flw|1
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Od�dujxh/ M10S1 +4<<3,1 cUìvroxwlrq g*xq prgëoh pdfurìfrqrpltxh dyhf dqwlflsdwlrqv ud0

wlrqqhoohv*/ Dqqdohv g*Hfrqrplh hw Vwdwlvwltxhv/ 4:= <:044:1

Px|vnhq/ M1 dqg Whu Zhho/ E1M1 +4<<;,1 cRyhuhgxfdwlrq dqg Furzglqj Rxw ri orz0vnloohg

zrunhuv*/ lq L1 Erujkdqv dqg D1 gh Juls +hgv1, Wkh ryhuhgxfdwhg zrunhgB Wkh hfrqrplf ri vnloo

xwlol}dwlrq1 Hgzdug Hojdu= Fkhqwhqjdp1 ss1 43<0465 Pdufk1

Qlfnhoo/ V1 dqg Ehoo/ E1 +4<<8,1 cWkh Froodsvh lq ghpdqg iru wkh orz0vnloohg dqg xqhpsor|0

phqw dfurvv wkh RHFG*/ R{irug Uhylhz ri Hfrqrplf Srolf|/ Yro1 44/ Q��1
RHFG +4<<7,1 RHFG Mrev Vwxg|/ RHFG/ Sdulv1

Slvvdulghv/ F1D1 +5333,1 Htxloleulxp Xqhpsor|phqw Wkhru|/ Pdvvdfkxvhwwv Lqvwlwxwh ri

Whfkqrorj|/ vhfrqg hglwlrq1

Sxfk/ O1 dqg Olfdqgur/ R1 +4<<:,1 cDuh wkhuh dq| vshfldo ihdwxuhv lq wkh Vsdqlvk exvlqhvv

f|fohB*/ Lqyhvwljdflrqhv Hfrqöplfdv/ 54+5,/ ss1 69406<71

Urelqvrq/ S1 dqg Pdqdfrugd/ P1 +4<<:,1 cTxdol�fdwlrqv dqg wkh oderxu pdunhw lq Eulwdlq=

4<;70<7 Vnloo eldvhg fkdqjh lq wkh ghpdqg iru oderxu ru fuhghqwldolvpB*/ FHS Glvfxvvlrq Sdshu

q�6631

Ydq Rxuv/ M1F1 dqg Ulgghu/ J1 +4<<8,1 cMre pdwfklqj dqg mre frpshwlwlrq= Duh orzhu

hgxfdwhg zrunhuv dw wkh edfn ri mre txhxhvB*/ Hxurshdq Hfrqrplf Uhylhz 6< 4:4:04:641
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