
Fdqqdelv/ frfdlqh dqg mrev

Mdq F1 ydq Rxuv
�

Suholplqdu| yhuvlrq Mdqxdu| 58/ 5337

Devwudfw

Wklv sdshu xvhv d gdwdvhw froohfwhg dprqj lqkdelwdqwv ri Dpvwhugdp/ wr

vwxg| wkh hpsor|phqw h�hfwv ri wkh xvh ri fdqqdelv dqg frfdlqh1 Iru ihpdohv

qr qhjdwlyh h�hfwv ri guxj xvh rq wkh hpsor|phqw udwh duh irxqg1 Iru pdohv

wkhuh lv d qhjdwlyh uhodwlrqvkls ehwzhhq sdvw fdqqdelv dqg frfdlqh xvh dqg

hpsor|phqw1 Krzhyhu/ wklv uhodwlrqvkls kdv wr gr zlwk fruuhodwlrq wkurxjk

xqrevhuyhg shuvrqdo fkdudfwhulvwlfv dqg qrw zlwk fdxvdolw|1

Nh|zrugv= guxjv/ hpsor|phqw/ fdqqdelv/ frfdlqh

MHO frghv= F74/ G45/ L4<

�
Ghsduwphqw ri Hfrqrplfv dqg FhqwHU/ Wloexuj Xqlyhuvlw|/ S1R1 Er{ <3486/ 8333 OH

Wloexuj/ Wkh Qhwkhuodqgv/ L]D/ RVD dqg FHSU> ydqrxuvCxyw1qo1 Wkh dxwkru wkdqnv

FHGUR/ wkh Fhqwhu iru Guxj Uhvhdufk ri wkh Xqlyhuvlw| ri Dpvwhugdp iru pdnlqj wkhlu

gdwd dydlodeoh1 Ixuwkhupruh/ kh wkdqnv sduwlflsdqwv ri wkh 5335 HVVOH0phhwlqj dqg

vhplqduv lq Eulvwro +FPSR,/ Edufhorqd +Srpshx Ideud, dqg Dehughhq +Xqlyhuvlw| dqg

KHUX, iru frpphqwv rq d suholplqdu| yhuvlrq ri wkh sdshu1
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4 Lqwurgxfwlrq

Wkh xvh ri loolflw guxjv lv riwhq uhodwhg wr ghwulphqwdo khdowk h�hfwv1 Wkh

gdpdjh wr wkh khdowk ri dq lqglylgxdo lv vrphwlphv wkrxjkw wr kdyh d qhjd0

wlyh h�hfw rq wkh oderu surgxfwlylw| ri wkdw lqglylgxdo1 Wklv qhjdwlyh h�hfw

rq oderu surgxfwlylw| pd| uhvxow lq d edg oderu pdunhw srvlwlrq1 Vr/ loolflw

guxj xvh pd| kdyh d qhjdwlyh h�hfw rq wkh hpsor|phqw vwdwxv ri lqglylg0

xdov1 Dowkrxjk wkh qhjdwlyh h�hfw ri loolflw guxj xvh rq hpsor|phqw dqg

zdjhv vhhpv sodxvleoh/ uhvxowv iurp hpslulfdo uhvhdufk duh lqfrqfoxvlyh1 Wkh

qxpehu ri dydlodeoh gdwdvhwv wr lqyhvwljdwh wkh oderu vxsso| h�hfwv ri loolflw

guxjv xvh lv olplwhg exw wkhuh lv d zlgh ydulhw| ri rxwfrphv frqfhuqlqj wkhvh

h�hfwv1 Hyhq li edvhg rq wkh vdph gdwdvhw vrph vwxglhv �qg qr h�hfwv/ zkloh

rwkhu vwxglhv �qg vwurqj qhjdwlyh hpsor|phqw h�hfwv1 Wkh frpprq sureohp

lq wkhvh vwxglhv lv wkdw wkh xvh ri loolflw guxjv pd| qrw eh h{rjhqrxv zlwk

uhvshfw wr oderu vxsso|1 Wkh wudglwlrqdo dssurdfk lv wr �qg vxlwdeoh lqvwux0

phqwdo yduldeohv wkdw d�hfw wkh xvh ri loolflw guxjv exw kdyh qr gluhfw h�hfw

rq hpsor|phqw1 Dv zloo eh vshoohg rxw lq pruh ghwdlo lq wkh qh{w vhfwlrq

hpslulfdo vwxglhv rq wkh vdph gdwdvhw xvh gl�huhqw lqvwuxphqwdo yduldeohv/

zklfk pd| eh rqh uhdvrq ri wkh udqjh lq uhvxowv1

Wkh fxuuhqw sdshu lv rq wkh hpsor|phqw h�hfwv ri wkh xvh ri fdqqdelv

dqg frfdlqh lq Dpvwhugdp +wkh fdslwdo ri wkh Qhwkhuodqgv,1
�
Lq wkh Qhwkhu0

odqgv fdqqdelv xvh lv txdvl0ohjdol}hg vlqfh fdqqdelv fdq hdvlo| eh erxjkw lq

vr0fdoohg fr�hh vkrsv1 Zlwklq wkh Qhwkhuodqgv lw lv hvshfldoo| wkh fdslwdo

Dpvwhugdp wkdw kdv d uhsxwdwlrq dv d guxj xvhuv flw|1 Wklv uhsxwdwlrq lv

sduwo| edvhg rq wkh idfw wkdw prvw wrxulvwv rqo| ylvlw Dpvwhugdp zkloh wkh

odujhvw sduw ri fdqqdelv vhoolqj sodfhv lv irxqg lq wrxulvw duhdv vr wrxulvwv

duh hdvlo| frqiurqwhg zlwk vriw guxj xvhuv1 Qhyhuwkhohvv/ lw lv pruh wkdq mxvw

wrxulvwv wkdw jhw eldvhg revhuydwlrqv derxw guxj xvh1 Vxuyh|v lqglfdwh wkdw

dfwxdo guxj xvh lq Dpvwhugdp lv txlwh kljk1 Lq 5334 ri wkh Dpvwhugdp srs0

xodwlrq ri 45 |hduv dqg roghu 6; ( kdg hyhu xvhg fdqqdelv dqg 43 ( kdg hyhu

xvhg frfdlqh1 Dyhudjh iru wkh Qhwkhuodqgv wklv zdv 4: ( iru fdqqdelv dqg 6
�
Lq d frpsdqlrq sdshu +Ydq Rxuv/ 5337, zh vwxg| wkh zdjh h�hfwv ri wkh xvh ri fdqqdelv

dqg frfdlqh iru pdoh dgxow zrunhuv1
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( iru frfdlqh +Deudkdp hw do1/ 5336,1

Wkh kljk xvh ri loolflw guxjv pdnhv lw lqwhuhvwlqj wr lqyhvwljdwh wkh oderu

pdunhw srvlwlrq ri Dpvwhugdp guxj xvhuv1 Lq wkh dqdo|vlv gdwd duh xvhg

wkdw zhuh froohfwhg lq vxuyh|v lq 4<<7/ 4<<: dqg 53341 Wkh fxuuhqw vwxg|

kdv d qxpehu ri glvwlqjxlvklqj ihdwxuhv1 Dpvwhugdp lv lqwhuhvwlqj iurp d

guxj uhvhdufk srlqw ri ylhz vlqfh wkh Qhwkhuodqgv lv rqh ri wkh ihz frxqwulhv

zlwk d olehudo dwwlwxgh wrzdugv wkh xvh ri vriw guxjv1 Dovr lq rwkhu uhvshfwv

wkh fxuuhqw vwxg| kdv glvwlqjxlvklqj ihdwxuhv1 Wkh gdwd froohfwhg frqwdlq

lqirupdwlrq derxw sduhqwdo fdqqdelv xvh/ zklfk lv d xqltxh lqvwuxphqwdo

yduldeoh1 Lq dgglwlrq wr dq lqvwuxphqwdo yduldeohv dssurdfk wklv vwxg| dovr

uhodwhv wkh surfhvv e| zklfk lqglylgxdov vwduw frqvxplqj loolflw guxjv lq wkh

sdvw wr wkh fxuuhqw oderu pdunhw srvlwlrq1

Wkh sdshu lv vhw xs dv iroorzv1 Vhfwlrq 5 jlyhv dq ryhuylhz ri suhylrxv

vwxglhv rq wkh h�hfwv ri guxj xvh rq wkh hpsor|phqw vwdwxv ri lqglylgxdov1

Vhfwlrq 6 suhvhqwv vw|ol}hg idfwv derxw wkh xvh ri fdqqdelv dqg frfdlqh dqg

derxw mre rssruwxqlwlhv lq Dpvwhugdp1 Vhfwlrq 7 dqdo|}hv wkh g|qdplfv lq

wkh frqvxpswlrq ri fdqqdelv dqg frfdlqh1 Vhfwlrq 8 suhvhqwv d suholplqdu|

dqdo|vlv ri uhodwlrqvkls ehwzhhq hpsor|phqw dqg wkh xvh ri fdqqdelv dqg

frfdlqh1 Vhfwlrq 9 dgguhvvhv wkh lvvxh ri zkhwkhu wkhuh lv d fdxvdo uhodwlrq0

vkls iurp fdqqdelv dqg frfdlqh xvh wr hpsor|phqw ru zkhwkhu guxj xvh dqg

hpsor|phqw lv phuho| fruuhodwhg wkurxjk xqrevhuyhg fkdudfwhulvwlfv1 Vhfwlrq

: frqfoxghv1

5 Suhylrxv vwxglhv rq loolflw guxjv dqg hp0

sor|phqw

Dowkrxjk wkh qhjdwlyh uhodwlrqvkls ehwzhhq loolflw guxj xvh dqg surgxfwly0

lw| vhhpv sodxvleoh/ lw lv qrw riwhq irxqg lq hpslulfdo uhvhdufk1
�
Vlqfh wkh

�
Wkhuh duh dovr vwxglhv rq wkh uhodwlrqvkls ehwzhhq zdjhv dqg wkh xvh ri dofrkro dqg

wredffr1 Wkh xvh ri dofrkro lv riwhq irxqg wr kdyh d srvlwlyh h�hfw rq zdjhv/ zkloh wkh

xvh ri wredffr kdv d qhjdwlyh h�hfw rq zdjhv1 Wkhvh vwxglhv duh qrw glvfxvvhg khuh1 Vhh

Ydq Rxuv +5335, iru dq ryhuylhz ri wklv olwhudwxuh1 L dovr ljqruh wkh vwxg| e| Whu}d dqg
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4<<3v dv pdq| dv �yh vwxglhv zhuh sxeolvkhg rq wkh uhodwlrqvkls ehwzhhq

hpsor|phqw dqg loolflw guxj xvh doo edvhg rq wkh vdph gdwdvhw/ wkh X1V1 Qd0

wlrqdo Orqjlwxglqdo Vxuyh| rq \rxwk +QOV\,1 Wkh vwxglhv gl�hu lq whupv ri

wkh vshfl�fdwlrq ri wkh ghshqghqw yduldeoh/ wkh vshfl�fdwlrq ri guxjv xvh/ wkh

vshfl�f QOV\ zdyhv xvhg/ wkh lqglylgxdov ri zkrp wkh oderu vxsso| ehkdylru

lv dqdo|}hg/ wkh hvwlpdwlrq surfhgxuh dqg wkh lqvwuxphqwdo yduldeohv xvhg1

Dqg/ shukdsv prvw vxusulvlqj/ wkh vwxglhv gl�hu d orw lq whupv ri wkh uhvxowv

frqfhuqlqj wkh uhodwlrqvkls ehwzhhq guxj xvh dqg oderu vxsso|1

Jloo dqg Plfkdhov +4<<5, xvh wkh 4<;3 dqg 4<;7 zdyhv ri wkh QOV\ Wkh|

hvwlpdwh hpsor|phqw htxdwlrqv dffrxqwlqj iru srwhqwldo vhohfwlylw| gxh wr

wkh hqgrjhqhlw| ri wkh guxj xvh ghflvlrq1 Dv lqvwuxphqwdo yduldeohv wkh|

xvh lqirupdwlrq frqfhuqlqj loohjdo dfwlylwlhv/ lqfrph iurp loohjdo dfwlylwlhv/

dwwlwxgh wrzdugv gulqnlqj dqg iuhtxhqf| ri jrlqj wr eduv dv lqvwuxphqwdo

yduldeohv1 Wkh| �qg wkdw kdug guxj xvh grhv qrw kdyh d qhjdwlyh h�hfw rq

wkh hpsor|phqw suredelolw| exw iru wkh vdpsoh ri doo guxj xvhuv +frpelqj

xvhuv ri kdug dqg vriw guxjv, wkhuh lv d uhgxfhg hpsor|phqw suredelolw|1

Wkh| k|srwkhvl}h wkdw rq wkh ghpdqg vlgh ri wkh oderu pdunhw guxj xvh

pd| eh uhodwhg wr iru h{dpsoh orz surgxfwlylw| dqg lqfuhdvhg devhqwhhlvp/

zklfk zloo orzhu wkh hpsor|phqw udwh1 Rq wkh vxsso| vlgh guxj xvh pd| eh

frpsohphqwdu| zlwk ohlvxuh1 Qhyhuwkhohvv/ wkh| frqfoxgh wkdw wkh glvsdulw|

lq hpsor|phqw h�hfwv ehwzhhq wkh h�hfwv ri vriw dqg kdug guxjv lv gl!fxow

wr h{sodlq1

Uhjlvwhu dqg Zlooldpv +4<<5, zkr xvh wkh 4<;7 zdyh ri wkh QOV\ �qg

vlplodu uhvxowv1 Lq wkhlu dqdo|vlv wkh| xvh dwwhqgdqfh ri uholjlrxv vhuylfhv/

sduhqwdo hgxfdwlrq dqg suhylrxv glyrufh dv lqvwuxphqwdo yduldeohv1 Wkhlu

uhvxowv vxjjhvw wkdw iru |rxqj pdoh zrunhuv fdqqdelv kdv d qhjdwlyh hp0

sor|phqw h�hfw zkloh frfdlqh xvh lv irxqg qrw wr eh vljql�fdqwo| uhodwhg wr

hpsor|phqw vwdwxv1 Wkh| wrr phqwlrq wkh srvvlelolw| wkdw wkhlu dqdo|vlv glg

qrw dffrxqw iru xqrevhuyhg gl�huhqfhv ehwzhhq xvhuv dqg qrqxvhuv fruuhodwhg

zlwk erwk xvh dqg surgxfwlylw|1

Ndhvwqhu +4<<7, �qgv d qhjdwlyh dvvrfldwlrq ehwzhhq fdqqdelv ru frfdlqh

Yhfkqdn +5334, zkr frqvlghu d vxevwdqfh dexvh lqglfdwru wkdw lqfoxghv wkh xvh ri fdqqdelv

dqg frfdlqh exw dovr dofrkro1
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xvh dqg wkh krxuv ri oderu vxssolhg e| |rxqj pdohv1 Kh xvhv yduldeohv olnh

krxvhkrog frpsrvlwlrq dw d |rxqj djh/ iuhtxhqf| ri sdvw uholjlrxv dwwhqgdqfh

dqg d phdvxuh ri shufhlyhg vhoi0hvwhhp dv lqvwuxphqwdo yduldeohv1 Kh frp0

sduhv vhsdudwh furvv0vhfwlrqdo hvwlpdwhv edvhg rq wkh 4<;7 dqg 4<;; zdyhv

ri wkh QOV\ zlwk sdqho hvwlpdwhv edvhg rq wkhvh wzr zdyhv1 Lq wkh furvv0

vhfwlrqdo hvwlpdwhv kh �qgv wkdw loolflw guxj xvh kdv odujh/ qhjdwlyh h�hfwv rq

oderu vxsso|1 Krzhyhu/ wkh sdqho hvwlpdwhv lqglfdwh wkdw loolflw guxj xvh grhv

qrw kdyh d vljql�fdqw qhjdwlyh h�hfw rq oderu vxsso|1

Exujhvv dqg Sursshu +4<<;, xvh wkh QOV\ wr vwxg| orqj whup h�hfwv ri

guxj xvh iru pdohv1 Dv lqvwuxphqwdo yduldeohv wkh| xvh sduhqwdo dwwdlqphqw

dqg zrun vwdwxv/ flufxpvwdqfhv dw djh 47 +olylqj zlwk sduhqwv/ uholjlrxv xs0

eulqjlqj/ olylqj lq wkh vrxwk,/ dqg qxpehu ri vleolqjv1 Wkh| �qg wkdw vriw

guxjv xvh kdv qr kdupixo h�hfwv rq oderu pdunhw sduwlflsdwlrq 43 |hduv rq1

Khdy| vxevwdqfh xvh kdv d qhjdwlyh h�hfw rq odwhu oderu pdunhw sduwlflsdwlrq1

Ilqdoo|/ Gh Vlprqh +5335, djdlq xvhv wkh 4<;7 dqg 4<;; zdyhv ri wkh

QOV\ wr vwxg| wkh hpsor|phqw h�hfwv ri fdqqdelv dqg frfdlqh xvh1 Klv

pdlq fulwlflvp rq suhylrxv lq zklfk qr qhjdwlyh h�hfw ri guxj xvh zhuh irxqg

uhodwhv wr wkh xvh ri lqvwuxphqwdo yduldeohv1 Lw lv srvvleoh wkdw yduldeohv

olnh sdvw0|hdu glyrufh/ sulru gholqtxhqf| dqg sduhqwdo hgxfdwlrq pd| kdyh d

gluhfw h�hfw rq wkh hpsor|phqw udwh ru pd| eh fruuhodwhg zlwk xqrevhuyhg

ghwhuplqdqwv ri hpsor|phqw1 Gh Vlprqh xvhv guxj sulfh uhodwhg yduldeohv

dqg idplo| edfnjurxqg yduldeohv dv lqvwuxphqwv1 Wkh sulfh yduldeohv duh

sdvw0|hdu orfdo uhwdlo sulfh ri frfdlqh dqg dq lqglfdwru ri zkhwkhu fdqqdelv

srvvhvvlrq lv ghfulplqdol}hg lq wkh vwdwh ri uhvlghqfh1 Wkh idplo| edfnjurxqg

yduldeohv duh dqg lqglfdwru wkdw erwk wkh prwkhu dqg idwkhu zhuh suhvhqw

lq wkh krxvhkrog zkhq wkh uhvsrqghqw zdv 47 |hduv rog dqg dq lqglfdwru

ri sduhqwdo dofrkrolvp ru sureohp gulqnlqj1 Gh Vlprqh �qgv wkdq fdqqdelv

dqg frfdlqh xvh kdv vxevwdqwldo qhjdwlyh h�hfwv rq wkh hpsor|phqw ri pdohv/

zkloh qr vxfk h�hfwv duh irxqg iru ihpdohv1
�
Vlqfh wkh h�hfwv ri fdqqdelv dqg

frfdlqh xvh duh hvwdeolvkhg lq vhsdudwh hvwlpdwhv dqg doprvw doo frfdlqh xvhuv

xvh fdqqdelv lw lv qrw fohdu wkdw frfdlqh xvh kdv d qhjdwlyh h�hfw lq dgglwlrq
�
Lq d irrwqrwh +44, Gh Vlprqh +5335, vwdwhv wkdw iru ihpdohv qhlwkhu fdqqdelv qru

frfdlqh xvh d�hfwv ihpdoh hpsor|phqw1
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wr wkh qhjdwlyh h�hfw ri fdqqdelv xvh1 Ru/ dowhuqdwlyho| vlqfh 63073( ri wkh

fdqqdelv xvhuv dovr xvh frfdlqh lw lv qrw fohdu zkhwkhu wkh hvwlpdwhg h�hfw

iurp fdqqdelv xvh lv d pl{wxuh ri fdqqdelv xvh kdylqj qr h�hfw dqg frfdlqh

xvh kdylqj d odujh h�hfw ru lv wr eh dwwulexwhg wr fdqqdelv xvh luuhvshfwlyh ri

frfdlqh xvh
�

Doo lq doo/ zkdw lv vwulnlqj lv wkdw rq wkh edvlv ri wkh vdph QOV\ gdwdvhw

vxfk d zlgh udqjh ri zdjh h�hfwv ri wkh xvh ri fdqqdelv dqg frfdlqh duh

irxqg1 Rqh zrxog eh whpswhg wr frqfoxgh= dq|wklqj jrhv1

D vhfrqg X1V1 gdwdvhw wkdw kdv ehhq xvhg wr vwxg| wkh uhodwlrqvkls eh0

wzhhq guxj xvh dqg oderu vxsso| lv wkh Qdwlrqdo Krxvhkrog Vxuyh| rq Guxj

Dexvh +QKVGD,1 ]dunlq hw do1 +4<<;, xvh wkh 4<<4 dqg 4<<5 QKVGD gdwd

wr vwxg| iru |rxqj phq +djh 4; wr 57, wkh uhodwlrqvkls ehwzhhq krxuv zrunhg

dqg loolflw guxj xvh1 Wkh| xvh uhvsrqghqwv* dvvhvvphqw ri wkh ulvn dvvrfldwhg

zlwk xvlqj loolflw guxjv dqg wkhlu dvvhvvphqw ri wkh gl!fxow| lq rewdlqlqj

loolflw vxevwdqfhv dv lqvwuxphqwdo yduldeohv1 Wkhlu pdlq frqfoxvlrq lv wkdw

loolflw guxj xvh kdv olwwoh h�hfw rq wkh qxpehu ri krxuv zrunhg1
	
Iuhqfk hw

do1 +5334, xvh 4<<: QKVGD gdwd wr vwxg| wkh hpsor|phqw udwh iru gl�huhqw

w|shv ri guxj xvhuv1 Wkh| xvh d frpsrvlwh uholjlrvlw| lqglfdwru wr whvw iru

h{rjhqhlw| ri guxj xvh �qglqj wkdw h{rjhqhlw| ri fkurqlf guxj xvh zdv qrw

uhmhfwhg1 Wkh| �qg wkdw fkurqlf guxj xvh kdv d qhjdwlyh h�hfw rq hpsor|0

phqw/ zkloh qrq0fkurqlf xvh kdv qr h�hfw1 Vr dovr rq wkh edvlv ri wzr vwxglhv

edvhg rq QKVGD gdwd qr fohdu frqfoxvlrqv fdq eh gudzq1

PdfGrqdog dqg Sxgqh| +5333, xvh wkh Eulwlvk Fulph Vxuyh| wr hvwlpdwh

d prgho fryhulqj guxj xvh dqg xqhpsor|phqw1


Lqvwuxphqwdo yduldeohv xvhg

duh uholjlrxv dwwhqgdqfh dqg krxvlqj whqxuh1 Wkh| frqfoxgh wkdw wkhuh sdvw

xvh ri vriw guxjv whqgv qrw wr eh vljql�fdqwo| dvvrfldwhg zlwk fxuuhqw xqhp0

sor|phqw/ exw wkhuh lv vwurqj hylghqfh ri orqj0whup gdpdjh wr hpsor|phqw
�
Wkh sdudphwhu hvwlpdwhv duh vhqvlwlyh zlwk uhvshfw wr wkh vhw ri lqvwuxphqw xvhg1 Li

wkh sduhqwdo edfnjurxqg yduldeohv duh qrw h{foxghg iurp wkh hpsor|phqw htxdwlrq qr

vljql�fdqw qhjdwlyh hpsor|phqw h�hfw ri guxj xvh lv irxqg iru wkh |hdu 4<;;1�
Zlwk uhvshfw wr wkh zrunlqj krxuv h�hfw ri wkh xvh ri 4 wr 6 pdulmxdqd mrlqwv lq wkh

sdvw prqwk wkh| �qg frq lfwlqj uhvxowv ghshqglqj rq wkh gdwdvhw xvhg1 Iru 4<<4 wkh| �qg

d srvlwlyh h�hfw/ iru 4<<5 d qhjdwlyh h�hfw1
PdfGrqdog dqg Sxgqh| +5334, lv d vwurqjo| ryhuodsslqj vwxg|1
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survshfwv iurp wkh xvh ri kdug guxjv1
�

6 Guxjv dqg oderu vxsso| lq Dpvwhugdp

Wkh Qhwkhuodqgv kdv d vshfldo w|sh ri guxj srolf|1 Wkh pdlq dlp lv wr

surwhfw wkh khdowk ri lqglylgxdo xvhuv/ wkh shrsoh durxqg wkhp dqg vrflhw|

dv d zkroh1
�
Wkhuh duh folqlfv iru wkh wuhdwphqw ri dgglfwv dqg fduh vhuylfhv/

zklfk dlp wr uhdfk dv pdq| dgglfwv dv srvvleoh wr dvvlvw wkhp lq h�ruwv wr

uhkdelolwdwh/ ru wr olplw wkh ulvnv fdxvhg e| wkhlu guxj kdelw1 Phwkdgrqh

surjudpv hqdeoh dgglfwv wr ohdg uhdvrqdeo| qrupdo olyhv zlwkrxw fdxvlqj

qxlvdqfh wr wkhlu lpphgldwh hqylurqphqw/ zkloh qhhgoh h{fkdqjh surjudpv

suhyhqw wkh wudqvplvvlrq ri glvhdvhv vxfk dv DLGV dqg khsdwlwlv E wkurxjk

lqihfwhg qhhgohv1 Wkh vhuylfhv dovr surylgh frxqvholqj1

Uhjxodwlrqv rq guxjv duh odlg grzq lq wkh Rslxp Dfw/ zklfk gudzv d

glvwlqfwlrq ehwzhhq kdug guxjv dqg vriw guxjv1 Wkh glvwlqfwlrq wkdw lv gudzq

uhodwhv wr wkh khdowk ulvnv lqyroyhg lq guxj xvh1 Kdug guxjv duh wkrvh vxe0

vwdqfhv zklfk fdq vhulrxvo| kdup wkh khdowk ri wkh xvhu dqg lqfoxgh khurlq/

frfdlqh dq v|qwkhwlf guxjv vxfk dv hfvwdv|1 Vriw guxjv/ l1h1 fdqqdelv ghulyd0

wlyhv pdulmxdqd dqg kdvklvk fdxvh idu ihzhu khdowk sureohpv1 Wkh srvvhvvlrq

ri kdug guxjv lv d fulph1 Krzhyhu/ vlqfh 4<:9 wkh srvvhvvlrq ri d vpdoo

txdqwlw| ri vriw guxjv iru shuvrqdo xvh lv d plqru r�hqfh1

Wkh gdwd xvhg lq wkh dqdo|vlv duh froohfwhg lq Dpvwhugdp/ zklfk kdv d

srsxodwlrq ri :331333 lqkdelwdqwv dqg kdv durxqg 633 uhfrjql}hg/ vr0fdoohg

�fr�hh0vkrsv� zhuh vriw guxjv fdq eh sxufkdvhg1 Wkh gdwd duh iurp wkuhh

vxuyh|v e| FHGUR/ wkh Fhqwhu iru Guxj Uhvhdufk ri wkh Xqlyhuvlw| ri Dpv0

whugdp +vhh wkh dsshqgl{ iru d pruh ghwdlohg ghvfulswlrq,1 Wkh vxuyh|v zhuh

fduulhg rxw lq 4<<7/ 4<<: dqg 53341 Wkh gdwd rq guxj xvh duh edvhg rq vhoi0

uhsruwhg lqirupdwlrq/ zklfk lv wkh qrup iru dqdo|vhv ri guxj frqvxpswlrq1
�
PdfGrqdog dqg Sxgqh| +5333e, lv yhu| vlplodu lq pdq| uhvshfwv lqfoxglqj wkh frq0

foxvlrqv1�
Vhh Plqlvwu| ri Khdowk/ Zhoiduh dqg Vsruw +4<<:, iurp zklfk L ghulyhg prvw ri wkh

lqirupdwlrq lq wklv vhfwlrq1 Dq lqwhuqdwlrqdo shuvshfwlyh rq Gxwfk guxj srolf| lv jlyhq lq

Erhnkrxw ydq Vrolqjh +4<<<,1
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Wr jlyh dq lpsuhvvlrq derxw wkh xvh ri fdqqdelv dqg frfdlqh dqg wkhlu uhod0

wlrq zlwk oderu vxsso| yduldeohv vrph vw|ol}hg idfwv duh suhvhqwhg lq Wdeohv

4 dqg 51 Wkh irfxv ri wkh dqdo|vlv lv rq sulph djh pdohv dqg ihpdohv +djh 59

wr 83,1
���

Wdeoh 4 vkrzv suhydohqfh lqglfdwruv iru fdqqdelv dqg frfdlqh1 Dv vkrzq/

ri wkh sulph djh ihpdohv lq wkh vdpsoh 7:1;( kdv hyhu xvhg fdqqdelv zkloh

4517( kdv hyhu xvhg frfdlqh1 Iru sulph djh pdohv wkh olihwlph suhydohqfh

qxpehuv duh 8:1<( iru fdqqdelv dqg 4:16( iru frfdlqh1
���

Wkhuh lv d fohdu

fruuhodwlrq lq wkh xvh ri fdqqdelv dqg frfdlqh1 Dv vkrzq 85( ri wkh ihpdoh

lqglylgxdov lq wkh vdpsoh kdyh qhlwkhu xvhg fdqqdelv qru frfdlqh1 Iru pdohv

wklv qxpehu lv derxw 75(1 Derxw 45( ri wkh ihpdohv lq wkh vdpsoh kdyh

+hyhu, xvhg erwk fdqqdelv dqg frfdlqh/ zkloh wklv lv wkh fdvh iru derxw 4:(

ri wkh pdoh lqglylgxdov1 Dv vkrzq wkhuh duh rqo| d ihz lqglylgxdov wkdw kdyh

hyhu xvhg frfdlqh exw qhyhu xvhg fdqqdelv1 Wkh shufhqwdjh ri lqglylgxdov

wkdw kdyh hyhu xvhg fdqqdelv dqg qhyhu xvhg frfdlqh lv txlwh kljk1 Dv vkrzq

wkh odvw |hdu suhydohqfh qxpehuv duh vxevwdqwldoo| vpdoohu dqg odvw prqwk

suhydohqfh duh vxevwdqwldoo| vpdoohu wkdq odvw |hdu suhydohqfh qxpehuv1 Wkh

odvw wzr lqglfdwruv frxog vxjjhvw wkdw pdq| xvhuv kdyh vwrsshg xvlqj/ l1h1 wkh

gl�huhqfh ehwzhhq wkh wzr frxog eh dq lqglfdwlrq ri vwrsslqj1 Qhyhuwkhohvv

lw lv dovr srvvleoh wkdw vrph lqglylgxdov xvh lqiuhtxhqwo|/ l1h1 ohvv wkdq rqfh

d prqwk1 Wkhuhiruh/ zh frqvlghu odvw |hdu xvh dv uhfhqw xvh1 Wdeoh 4 vkrzv

wkdw ri wkh uhfhqw fdqqdelv xvhuv +gh�qhg dv kdylqj xvhg lq wkh sdvw |hdu,

rqo| d yhu| vpdoo shufhqwdjh lv dovr fxuuhqw frfdlqh xvhu1 Lq idfw pruh wkdq
���
Dv zloo eh vkrzq lq pruh ghwdlo ehorz li dq lqglylgxdo zloo vwduw xvlqj fdqqdelv +v,kh

zloo xvxdoo| gr vr ehiruh djh 591 Ixuwkhupruh/ prvw lqglylgxdov kdyh frpsohwhg wkhlu ixoo0

wlph hgxfdwlrq ehiruh djh 591 Diwhu djh 83 lqglylgxdov lq wkh Qhwkhuodqgv hpsor|phqw

sduwlflsdwlrq udwhv vwduw wr ghfolqh gxh wr lq rz lqwr glvdelolw| ehqh�wv dqg hduo| uhwluhphqw

vfkhphv1 VrxufhB���
Wkh xvh ri fdqqdelv dqg frfdlqh lq Dpvwhugdp lv vxevwdqwldoo| kljkhu wkdq lq rwkhu

sduwv ri wkh Qhwkhuodqgv1 Ri wkh srsxodwlrq ri 45 |hduv dqg roghu lq 5334 lq Dpvwhugdp

6;14( kdg hyhu xvhg fdqqdelv dqg 4313( kdg hyhu xvhg frfdlqh1 Dyhudjh iru wkh Qhwkhu0

odqgv wklv zdv 4:13( iru fdqqdelv dqg 51<( iru frfdlqh1 Uhpdundeo|/ dyhudjh dfurvv wkh

X1V1 lq 5334 olihwlph suhydohqfh iru fdqqdelv zdv 691<( dqg olihwlph suhydohqfh iru frfdlqh

zdv 4516(1 VrxufhB
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kdoi ri wkh fxuuhqw fdqqdelv xvhuv kdv qhyhu xvhg frfdlqh1 Pdq| ri wkh xvhuv

kdyh rqo| xvhg fdqqdelv dqg frfdlqh iru d frxsoh ri wlphv1 Wkh pdmrulw| ri

xvhuv +hyhu, xvhg wkh guxjv 58 wlphv ru ohvv1 Ri wkh iuhtxhqw fdqqdelv xvhuv

rqo| d yhu| vpdoo sduw kdv dovr iuhtxhqwo| xvhg frfdlqh1 Djdlq/ pruh wkdq

kdoi ri wkh iuhtxhqw fdqqdelv xvhuv kdyh qhyhu xvhg frfdlqh1

Wdeoh 5 vkrzv krz iru sulph djh lqglylgxdov wkh irxu jurxsv ri fdqqdelv

dqg frfdlqh xvhuv dqg wkh jurxs ri devwdlqhuv frpsduh zlwk hdfk rwkhu lq

whupv ri dyhudjh fkdudfwhulvwlfv1 Dv vkrzq/ lq whupv ri dyhudjh djh wkhuh lv

qrw d orw ri gl�huhqfh ehwzhhq wkh jurxsv/ h{fhsw shukdsv iru wkh fxuuhqw

fdqqdelv xvhuv dqg uhfhqw frfdlqh xvhuv zkr duh vrphzkdw |rxqjhu wkdq wkh

rwkhuv1 Zlwk uhvshfw wr hgxfdwlrq wkhuh duh fohdu gl�huhqfhv1 Lqglylgxdov

wkdw kdyh qhyhu xvhg fdqqdelv ru frfdlqh duh orzhu hgxfdwhg wkdq dyhudjh

zkloh lqglylgxdov wkdw hyhu xvhg fdqqdelv kdyh wkh kljkhvw hgxfdwlrqdo ohyho1

Ri wkh pdoh devwdlqhuv rqo| derxw 6;( kdv d kljkhu hgxfdwlrq/ zkloh ri

wkh hyhu fdqqdelv xvhuv doprvw 93( kdv d kljkhu hgxfdwlrq1 Ri wkh ihpdoh

devwdlqhuv derxw 75( kdv kljkhu hgxfdwlrq/ zkloh ri wkh lqglylgxdov wkdw

hyhu xvhg fdqqdelv derxw 86( kdv d kljkhu hgxfdwlrq1 Vlplodu gl�huhqfhv

ehwzhhq wkh jurxsv duh suhvhqw frqfhuqlqj pdulwdo vwdwxv dqg wkh suhvhqfh

ri fkloguhq1 Ri wkh jurxs ri ihpdoh qhyhu xvhuv derxw 67( lv vlqjoh/ zkloh

ri wkh jurxs ri uhfhqw fdqqdelv xvhuv ru uhfhqw frfdlqh xvhuv doprvw 93( lv

vlqjoh1 Iru pdohv pdulwdo vwdwxv kdv d vlplodu h�hfw1 Ixuwkhupruh/ ri wkh

pdoh lqglylgxdov wkh kdyh qhyhu xvhg fdqqdelv ru frfdlqh 6;( kdv rqh ri

pruh fkloguhq zkloh ri wkh pdohv wkdw uhfhqwo| xvhg fdqqdelv wkh vkduh zlwk

fkloguhq lv derxw 48( zkloh ri wkh uhfhqw frfdlqh xvhuv rqo| 44( kdv rqh

ru pruh fkloguhq1 Zkhwkhu ru qrw sduhqwv hyhu xvhg fdqqdelv kdv d odujh

h�hfw rq wkh suredelolw| wkdw wkhlu fkloguhq dovr xvh fdqqdelv ru frfdlqh1 Ri

wkh ihpdohv wkdw devwdlqhg iurp fdqqdelv dqg frfdlqh rqo| derxw 5( kdv

sduhqwv wkdw hyhu xvhg fdqqdelv/ zkloh ri wkh iuhtxhqw frfdlqh xvhuv 65( kdv

sduhqwv wkdw hyhu xvhg fdqqdelv1 Ri wkh ihpdohv wkdw uhfhqwo| xvhg fdqqdelv

5515( kdv sduhqwv wkdw hyhu xvhg fdqqdelv1 Dovr iru pdohv wkhuh lv wklv odujh

h�hfw ri sduhqwdo fdqqdelv xvh1 Ri wkh devwdlqhuv 418( kdv sduhqwv wkdw xvh

fdqqdelv/ ri wkh pdohv wkdw uhfhqwo| xvhg fdqqdelv wklv lv 4:17(1

Wdeoh 5 dovr jlyhv lqirupdwlrq derxw wkh hpsor|phqw udwhv ri wkh lqgl0
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ylgxdov lq wkh vdpsoh1 Ixoo0wlph mrev duh gh�qhg dv mrev wkdw kdyh uhjxodu

zrunlqj krxuv ri pruh wkdq 53 krxuv shu zhhn1
� �

Sduw0wlph mrev duh gh�qhg

dv mrev wkdw kdyh uhjxodu zrunlqj krxuv ehwzhhq 4 dqg 53 krxuv shu zhhn1

Dv vkrzq iru ihpdohv lq wkh vdpsoh wkh dyhudjh ixoo0wlph hpsor|phqw udwh

lv 97(/ zkloh wkh wrwdo hpsor|phqw udwh lv :9(1 Iru pdohv wkh dyhudjh ixoo0

wlph hpsor|phqw udwh lv ;7(/ zkloh wkh wrwdo hpsor|phqw udwh lv ;;(1 Wr

gr d frpsdudeoh dqdo|vlv wkh dqdo|vlv ri wkh hpsor|phqw udwhv zloo irfxv rq

wkh ixoo0wlph hpsor|phqw udwh1 Iru ihpdohv wkh ixoo0wlph hpsor|phqw udwh lv

orzhvw iru iuhtxhqw frfdlqh xvhuv +8519(, dqg devwdlqhuv iurp fdqqdelv dqg

frfdlqh +8;18(,/ zkloh wkh kljkhvw ixoo0wlph hpsor|phqw udwh lv iru uhfhqw

frfdlqh xvhuv +:317(,1 Ri frxuvh wkh hpsor|phqw udwhv duh lq xhqfhg e|

gl�huhqfhv lq hgxfdwlrqdo ohyho dqg idplo| vlwxdwlrq1 Iru pdohv wkh kljk0

hvw ixoo0wlph hpsor|phqw udwh lv iru devwdlqhuv iurp fdqqdelv dqg frfdlqh

+;:17(,1 Iuhtxhqw frfdlqh xvhuv kdyh wkh orzhvw hpsor|phqw udwh +9415(,/

exw qrwh wkdw wklv jurxs dovr kdv wkh orzhvw vkduh ri lqglylgxdov zlwk kljkhu

hgxfdwlrq1 Ehiruh zh vwduw wkh dqdo|vlv ri wkh ghwhuplqdqwv ri wkh hpsor|0

phqw udwh zh zloo �uvw lqyhvwljdwh wkh ghwhuplqdqwv ri wkh vwduwlqj udwhv iru

fdqqdelv dqg frfdlqh1 Wklv zloo eh khosixo lq wkh dqdo|vlv zkhq zh glvwlq0

jxlvk ehwzhhq wkh fdxvdo h�hfw iurp fdqqdelv dqg frfdlqh xvh wr hpsor|phqw

dqg wkh h�hfw fdxvhg e| mrlqw xqrevhuyhg ghwhuplqdqwv1

7 Vwduwlqj wr xvh fdqqdelv dqg frfdlqh

Iljxuh 4 vkrzv wkh fxpxodwlyh vwduwlqj suredelolwlhv ri fdqqdelv dqg fr0

fdlqh1
� �
Dv vkrzq iru ihpdohv wkh fxpxodwlyh vwduwlqj suredelolw| ri fdqqdelv

lqfuhdvhv iurp derxw 8( dw djh 48 xs wr 78( dw djh 581 Diwhu wkdw wkh fx0

pxodwlyh vwduwlqj suredelolw| kdugo| lqfuhdvhv1 Iru pdohv wkh sdwwhuq lv wkh

vdph exw wkh pd{lpxp fxpxodwlyh suredelolw| lv derxw 88(1 Dv vkrzq lq

Iljxuh 5 wkh sdwwhuq iru frfdlqh lv derxw wkh vdph dowkrxjk khuh wkh lqfuhdvh
���
Dv vkrzq lq wkh dsshqgl{ wklv eurdg gh�qlwlrq ri d ixoo0wlph mre lv gulyhq e| gdwd

dydlodelolw|1���
Dq lqglylgxdo zkr glg qrw xvh fdqqdelv ru frfdlqh exw lv ehorz djh 83 lv frqvlghuhg

wr kdyh dq lqfrpsohwh gxudwlrq ri qrq0xvh/ l1h1 lv dvvxphg wr kdyh eh culjkw fhqvruhg*1
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lv rqo| vpdoo diwhu djh 63 dw d ohyho ri derxw 45( iru ihpdohv dqg 4:( iru

pdohv11

Wr lqyhvwljdwh wkh ghwhuplqdqwv ri wkh vwduwlqj udwhv ri fdqqdelv dqg fr0

fdlqh zh xvh d elyduldwh pl{hg sursruwlrqdo kd}dug prgho zlwk d  h{leoh

edvholqh kd}dug1 Gl�huhqfhv ehwzhhq lqglylgxdov lq wkh udwh e| zklfk wkh|

vwduw xvlqj d sduwlfxodu guxj duh fkdudfwhul}hg e| wkh revhuyhg fkdudfwhulv0

wlfv {/ wkh hodsvhg gxudwlrq ri wlph wkh| duh h{srvhg wr srwhqwldo xvh dqg

xqrevhuyhg fkdudfwhulvwlfv y1 Zh wdnh djh 45 wr eh wkh wlph dw zklfk wklv

srwhqwldo h{srvxuh wr guxjv vwduwv1

Wkh vwduwlqj udwh iru fdqqdelv dqg frfdlqh/ dw wlph +djh, w frqglwlrqdo rq

revhuyhg fkdudfwhulvwlfv { dqg xqrevhuyhg fkdudfwhulvwlfv y lv vshfl�hg dv=
� �

� � Ew m {> y� ' �� Ew� i TE{
�
� � n y� � iru m ' d> e +4,

zkhuh �Ew� uhsuhvhqwv lqglylgxdo gxudwlrq ghshqghqfh/ y uhsuhvhqwv lqglylgxdo

vshfl�f xqrevhuyhg khwhurjhqhlw|/ wkh vxevfulsw d uhsuhvhqwv fdqqdelv dqg

wkh vxevfulsw e uhsuhvhqwv frfdlqh1 Zh prgho  h{leoh gxudwlrq ghshqghqfh

e| xvlqj d vwhs ixqfwlrq=

�� Ew� ' i TEP � ���� L � Ew�� iru m ' d> e +5,

zkhuh n +@ 4/11/7, lv d vxevfulsw iru djh0lqwhuydov dqg L��� Ew� duh wlph0ydu|lqj
gxpp| yduldeohv wkdw duh rqh lq vxevhtxhqw djh0lqwhuydov1 Zh glvwlqjxlvk

7 djh lqwhuydov lq olqh zlwk wkh sdwwhuq lq Iljxuh 41 Iru fdqqdelv wkh djh

lqwhuydov duh xs wr 48/ 49053/ 54058/ ryhu 58> iru frfdlqh wkh djh lqwhuydov duh

xs wr 53/ 54058/ 59063/ ryhu 631 Ehfdxvh zh dovr hvwlpdwh d frqvwdqw whup/

zh qrupdol}h ���� ' f1

Wkh frqglwlrqdo ghqvlw| ixqfwlrqv ri wkh frpsohwhg gxudwlrqv ri qrq0xvh

fdq eh zulwwhq dv

i� Ew m {> y� � ' � � Ew m {> y � � i TE�
] �

� � � Ev m {> y� �gv� iru m ' d> e +6,

���
L ljqruh wkh srwhqwldo fdxvdo uhodwlrqvkls iurp fdqqdelv wr frfdlqh1 Vhh Ydq Rxuv

+5336, iru d glvfxvvlrq ri wklv uhodwlrqvkls1
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L wdnh wkh srvvleoh fruuhodwlrq ehwzhhq wkh xqrevhuyhg frpsrqhqwv lqwr df0

frxqw e| vshfli|lqj wkh mrlqw ghqvlw| ixqfwlrq ri wkh wzr gxudwlrqv ri qrq xvh

w  dqg w ! frqglwlrqdo rq { dv

iEw  > w ! m {� '

]
"�#

]
"�$

i  Ew  m {> y  �i ! Ew ! m {> y ! �gJEy  > y ! � +7,

JEy  > y ! � lv dvvxphg wr eh d glvfuhwh glvwulexwlrq 7 srlqwv ri vxssruw Ey �% > y �%! �>
Ey &' > z ��! �> Ez �% > z &�! �> Ez &' > z &�! �= Wkh dvvrfldwhg suredelolwlhv duh ghqrwhg dv

iroorzv=

�hEy  ' y �% > y ! ' y ��! � ' s � �hEy  ' y �% > y ! ' y &'! � ' s &

�hEy  ' y &' > y ! ' y ��! � ' s ( �hEy  ' y &' > y ! ' y &'! � ' s )

zkhuh s * +q ' �> ==> e, lv dvvxphg wr kdyh d pxowlqrpldo orjlw vshfl�fdwlrq=

s * '
i TE� * �

P * i TE� * �
+8,

dqg zh qrupdol}h d ) ' f1 Zh gr qrw hvwlpdwh wkh pdvv srlqwv y &' dqg y &'!
gluhfwo| exw hvwlpdwh wkh gl�huhqfhv ehwzhhq wkh wzr pdvv srlqwv= �  '

y &' � y �% dqg � ! ' y &�! � y �%! =
���

Wkh sdudphwhuv duh hvwlpdwhg xvlqj pd{lpxp olnholkrrg1 Lq wkh hvwl0

pdwhv revhuydwlrqv ri lqglylgxdov wkdw glg qrw vwduw wr frqvxph fdqqdelv ru

frfdlqh duh frqvlghuhg wr eh uljkw fhqvruhg gxudwlrqv1

Wkh sdudphwhu hvwlpdwhv iru ihpdohv duh suhvhqwhg lq wkh �uvw wzr froxpqv

Wdeoh 61 Dv vkrzq wkh vwduwlqj udwhv duh wkh vdph dfurvv wkh wkuhh vxuyh|

|hduv1 Ihpdohv zlwk vhfrqgdu| ru kljkhu hgxfdwlrq kdyh kljkhu vwduwlqj udwhv

iru erwk fdqqdelv dqg frfdlqh wkdq ihpdohv zlwk orzhu hgxfdwlrq1 Uhfhqw

eluwk frkruwv dovr kdyh kljkhu vwduwlqj udwhv iru fdqqdelv1 Odwhu jhqhudwlrqv

duh pruh olnho| wr vwduw xvlqj fdqqdelv1 Dqg/ fdqqdelv xvh ri sduhqwv kdv d

srvlwlyh h�hfw rq erwk vwduwlqj udwhv1 Wkh sdudphwhu hvwlpdwhv dovr lqglfdwh

fohdu hylghqfh ri djh ghshqghqfh1 Iru fdqqdelv wkh vwduwlqj udwhv ri ihpdohv

duh kljkhvw lq wkh djh udqjh 49058/ iru frfdlqh wkh kljkhvw vwduwlqj udwhv
� �
Qrwh wkdw li � + @ � , @ 3 wkhuh lv qr xqrevhuyhg khwhurjhqhlw| exw dovr qrwh wkdw li vr

wkh suredelolwlhv s duh qrw lghqwl�hg1
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duh lq wkh djh udjh 54063 |hduv1 Ilqdoo|/ wkhuh lv suhvhqfh ri xqrevhuyhg

khwhurjhqhlw|1 Zh fdq lghqwli| wkuhh jurxsv/ zklfk iru xqnqrzq uhdvrqv

ehkdyh gl�huhqwo|1 Frqglwlrqdo rq djh dqg revhuyhg fkdudfwhulvwlfv wkhuh lv

d jurxs ri ihpdohv ri 5914( wkdw kdv erwk d kljk vwduwlqj udwh iru fdqqdelv

dqg d kljk vwduwlqj udwh iru frfdlqh1 Wkhuh lv dovr d jurxs ri 96( wkdw

kdv orz vwduwlqj udwhv iru erwk fdqqdelv dqg frfdlqh1 Wkh uhpdlqlqj jurxs

kdv d kljk vwduwlqj udwh iru fdqqdelv dqg d orz vwduwlqj udwh iru frfdlqh

+431<(,1 Li zh xvh wkh sdudphwhu hvwlpdwhv iurp Wdeoh 8 wr shuirup vrph

vlpxodwlrqv iru v|qwkhwlf shuvrqv zlwk dyhudjh fkdudfwhulvwlfv zh �qg wkdw

wkhvh shuvrqv dw djh 73 kdyh d fxpxodwlyh suredelolw| ri <815( wr kdyh hyhu

xvhg fdqqdelv li wkh| ehorqj wr wkh kljk fdqqdelv vwduwlqj udwh w|sh1 Li

zlwk wkh vdph fkdudfwhulvwlfv wkh| ehorqj wr wkh orz fdqqdelv vwduwlqj udwh

w|sh/ 4:19( kdyh hyhu xvhg fdqqdelv1 Wklv ohdgv wr dq dyhudjh ri 7916( ri

olihwlph fdqqdelv xvh dw djh 731 Lq wkh vdph zd| zh fdq fdofxodwh wkdw wkhvh

lqglylgxdov zrxog kdyh d olihwlph suhydohqfh dw djh 73 ri 6<( li wkh| ehorqj

wr wkh kljk fdqqdelv vwduwlqj udwh fdwhjru| dqg d olihwlph suhydohqfh ri 415(

li wkh ehorqj wr wkh orz fdqqdelv vwduwlqj udwh fdwhjru|1 Wklv zrxog ohdg

wr dq dyhudjh olihwlph suhydohqfh dw djh 73 ri 4414(1 Fohduo|/ wkhuh dv elj

gl�huhqfhv lq vwduwlqj udwhv gxh wr xqrevhuyhg khwhurjhqhlw|1 Exw/ ri wkh kljk

vwduwlqj udwhv fdwhjrulhv qrw hyhu|rqh zloo vwduw xvlqj fdqqdelv ru frfdlqh1

Dqg/ ri wkh orz vwduwlqj udwhv qrw hyhu|rqh zloo devwdlq iurp fdqqdelv ru

frfdlqh1

Wkh vwduwlqj udwhv iru pdohv duh lq xhqfhg e| vlplodu fkdudfwhulvwlfv/ do0

wkrxjk hgxfdwlrq lv ohvv lpsruwdqw wkhq lw lv iru ihpdohv1 Wkh vwduwlqj udwh

iru fdqqdelv lv srvlwlyho| d�hfwhg e| eluwk |hdu dqg fdqqdelv xvh ri sduhqwv lv

lpsruwdqw iru erwk vwduwlqj udwhv1 Dovr iru pdohv wkhuh lv xqrevhuyhg khwhur0

jhqhlw| d�hfwlqj wkh vwduwlqj udwhv ri fdqqdelv dqg frfdlqh1 Iru pdohv wkhuh

lv frqglwlrqdo rq djh dqg revhuyhg fkdudfwhulvwlfv d jurxs ri 641<( wkdw kdv

erwk d kljk vwduwlqj udwh iru fdqqdelv dqg d kljk vwduwlqj udwh iru frfdlqh1

Wkhuh lv d jurxs ri 86( wkdw kdv vpdoo vwduwlqj udwhv iru erwk fdqqdelv dqg

frfdlqh1 Wkh uhpdlqlqj jurxs +4814(, kdv d kljk vwduwlqj udwh iru fdqqdelv

dqg d orz vwduwlqj udwh iru frfdlqh1
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8 Fdqqdelv/ frfdlqh dqg mrev

Zh xvh h dv wkh lqglfdwru ri zkhwkhu +h ' �, ru qrw +h ' f, dq lqglylgxdo

kdv d +ixoo0wlph, mre dqg xvh f dv wkh lqglfdwru ri zkhwkhu +f ' �, ru qrw

+f ' f, dq lqglylgxdo kdv xvhg fdqqdelv uhfhqwo|1 Zh xvh wkh iroorzlqj odwhqw

yduldeoh vshfl�fdwlrqv uhsuhvhqwlqj wkh lqglylgxdo*v xqrevhuyhg surshqvlw| wr

kdyh d mre dqg wr eh d fxuuhqw fdqqdelv xvhu

h - ' { . � . n � / f0 n % . > h ' � li h - A f/ dqg 3 rwkhuzlvh

f - ' { / � / n % / > f ' � li f - A f/ dqg 3 rwkhuzlvh +9,

zkhuh { . lv d yhfwru ri shuvrqdo fkdudfwhulvwlfv d�hfwlqj wkh suredelolw| wr

kdyh d mre +lqfoxglqj zkhwkhu ru qrw dq lqglylgxdo hyhu xvhg frfdlqh,/ f0
lv d gxpp| yduldeoh zkhwkhu wkh lqglylgxdo kdv xvhg fdqqdelv lq wkh sdvw/

� . lv d yhfwru ri sdudphwhuv/ � / lqglfdwhv zkhwkhu sdvw fdqqdelv xvh d�hfwv
wkh hpsor|phqw suredelolw| dqg % . lv dq huuru whup1 Lq wkh vdph zd| { / lv
d yhfwru ri shuvrqdo fkdudfwhulvwlfv d�hfwlqj wkh suredelolw| wr eh d fxuuhqw

fdqqdelv xvhu/ zkhuh { / sduwo| ryhuodsv zlwk { . 1 Ixuwkhupruh � / lv djdlq d

yhfwru ri sdudphwhuv/dqg % / lv dq huuru whup1 Lq wkh prgholqj zh kdyh wr wdnh
lqwr dffrxqw wkdw wkhuh pd| eh d fruuhodwlrq ehwzhhq fxuuhqw fdqqdelv xvh

dqg kdylqj d mre1 Rqh fdq lpdjlqh wkdw fxuuhqw fdqqdelv xvh kdv d qhjdwlyh

h�hfw rq wkh hpsor|phqw udwh/ exw rqh fdq dovr lpdjlqh wkdw li rqh grhv

qrw kdyh d mre wklv kdv d srvlwlyh h�hfw rq wkh suredelolw| wr xvh fdqqdelv1

Zh wdnh wklv fruuhodwlrq lqwr dffrxqw e| prghoolqj wkh mrlqw glvwulexwlrq ri

hpsor|phqw udwh dqg fxuuhqw fdqqdelv xvh1

Zkhq dq lqglylgxdo kdv d ixoo wlph mre wkuhh vlwxdwlrqv duh srvvleoh zlwk

uhvshfw wr sdvw dqg fxuuhqw fdqqdelv xvh
� 	

41 Sdvw dqg fxuuhqw fdqqdelv xvh= �hEh - A f> f - A fmf0 ' ��

51 Sdvw exw qr fxuuhqw fdqqdelv xvh= �hEh - A f> f - ? fmf0 ' ��
���
Iru lqglylgxdov wkdw gr qrw kdyh mre wkh vshfl�fdwlrqv ri wkh wkuhh vlwxdwlrqv duh

vlplodu1
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61 Qr sdvw fdqqdelv xvh= �hEh - A f> f - ? fmf0 ' f� ' �hEh - A fmf0 ' f�
� 


Zh dvvxph wkdw frqglwlrqdo rq wkh revhuyhg fkdudfwhulvwlfv wkhuh pd|

eh xqrevhuyhg khwhurjhqhlw| d�hfwlqj wkh suredelolw| wr kdyh d mre dqg wkh

suredelolw| wr eh d fxuuhqw fdqqdelv xvhu1 Lq wkh dqdo|vlv zh xvh d pxowl0

yduldwh orjlw vshfl�fdwlrq zlwk d glvfuhwh pl{lqj glvwulexwlrq zlwk m srlqwv

ri vxssruw +m ' �> ==q�1 Wkhq wkh srvvleoh revhuydeoh rxwfrphv lq fdvh wkh

lqglylgxdo kdv d mre duh

41 sdvw fdqqdelv xvh/ qr fxuuhqw xvh= \� E{ . � . n � / > �{ / � / �

51 sdvw dqg fxuuhqw fdqqdelv xvh= \� E{ . � . n � / > { / � / �

61 qr sdvw fdqqdelv xvh= \� E{ . � . �

zkhuh wkh pxowlyduldwh orjlw \� E{ . � . n � / > { / � / � lv vshfl�hg dv
*S

�213�
s� \E{ . � . n

� / ny�2. �\E{ / � / ny ��/ �1 Khuh/ wkh y ��. uhsuhvhqw wkh pdvv srlqwv lq wkh hpsor|0
phqw sduw zkloh wkh y��/ uhsuhvhqw wkh pdvv srlqwv lq wkh fxuuhqw fdqqdelv

sduw1 Ixuwkhupruh/ wkh pl{wxuh ri elqrpldo orjlwv lv vshfl�hg vlploduo| zlwk

\� E{ . � . � '
*S

�213�
s� \E{ . � . n y ��. �= Lq wkhvh vshfl�fdwlrqv wkh s� kdv d pxowlqr0

pldo orjlw vshfl�fdwlrq gh�qhg dv
*S

��13�

4�5�687:98;�<
�'= 4�5�687:98;�< 1 Wr lghqwli| doo sdudphwhuv

zh qrupdol}h y ��/ ' y �%. ' � * ' f= Qrwh wkdw zh gr qrw hvwlpdwh wkh pdvv

srlqwv lwvhoi exw hvwlpdwh ���. ' y�2. � y ��. dqg ���/ ' y�2/ � y ��/ 1 Qrwh wkdw li

���. ' ��2/ ' f/ wkhuh lv qr xqrevhuyhg khwhurjhqhlw| d�hfwlqj hpsor|phqw

dqg fxuuhqw fdqqdelv xvh1
� �

Zh vwduw wkh dqdo|vlv zlwk d pl{lqj glvwulexwlrq zlwk m ' 21
� �

Wkh

sdudphwhuv duh hvwlpdwhg zlwk pd{lpxp olnholkrrg dqg duh vkrzq lq Wdeoh
��
Qrwh wkdw Su+h > A 3> f > ? 3mf ? @ 3, @ Su+h > A 3mf > ? 3> f ? @ 3, � Su+f > ? 3mf ? @ 3, Lq

rxu gdwd li wkhuh lv qr sdvw fdqqdelv xvh/ wkhuh lv qr fxuuhqw fdqqdelv xvh/ zklfk lpsolhv

wkdw Su+f > ? 3mf ? @ 3, @ 4= Wkhuhiruh Su+h > A 3mf > ? 3> f ? @ 3, � Su+f > ? 3mf ? @ 3, @

Su+h > A 3mf ? @ 3,���
Dovr qrwh wkdw lq wklv fdvh wkh s @ v lv qrw lghqwl�hg1���
Lq wkh dsshqgl{ zh vkrz sdudphwhu hvwlpdwhv lq fdvh zh xvh d elyduldwh surelw vshf0

l�fdwlrq lq vwhdg ri d elyduldwh orjlw vshfl�fdwlrq1 Qrwh wkdw wkh pdlq rxwfrphv ri wkh

dqdo|vhv gr qrw gl�hu1
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71 Iru ihpdohv fxuuhqw xvh ri fdqqdelv zdv kljkhu lq 4<<: wkdq lw zdv lq

4<<7 dqg 53341 Lw lv dovr kljkhu li sduhqwv kdyh xvhg fdqqdelv lq wkh sdvw

dqg lw lv orzhu iru ihpdohv zlwk kljkhu hgxfdwlrq dqg ihpdohv zlwk fkloguhq

wkdq lw lv iru wkhlu frxqwhusduwv1 Wkh suredelolw| wr kdyh d ixoo0wlph mre

lv kljkhu lq 4<<: dqg 5334 wkdq lw zdv lq 4<<7/ zklfk lv frqvlvwhqw zlwk

wkh jurzwk ri hpsor|phqw lq wkh Qhwkhuodqgv gxulqj wkh vhfrqg kdoi ri wkh

4<<3v1 Djh lqlwldoo| kdv d srvlwlyh h�hfw rq wkh suredelolw| wr kdyh wr mre

exw d qhjdwlyh rqh dw kljkhu djh +wkh pd{lpxp mre suredelolw| lv durxqg

djh 73/ exw wklv frxog dovr eh d frkruw h�hfw,1 Wkh suredelolw| wr kdyh

d mre lqfuhdvhv zlwk wkh ohyho ri hgxfdwlrq1 Dqg/ ihpdohv wkdw duh vlqjoh

dqg ihpdohv zlwk fkloguhq kdyh d vpdoohu hpsor|phqw suredelolw| wkdq wkhlu

frxqwhusduwv1 Sdvw fdqqdelv xvh kdv d srvlwlyh h�hfw rq wkh hpsor|phqw

udwh +vljql�fdqwo| gl�huhqw iurp }hur dw d 43( ohyho,/ zkloh sdvw frfdlqh xvh

kdv d vljql�fdqw qhjdwlyh h�hfw rq wkh hpsor|phqw udwh1 Ilqdoo|/ frqglwlrqdo

rq wkh h�hfw ri wkh revhuyhg fkdudfwhulvwlfv wkhuh lv d vljql�fdqw qhjdwlyh

fruuhodwlrq ehwzhhq wkh wzr suredelolwlhv1 Wkhuh lv d jurxs uhsuhvhqwlqj 57(

ri wkh lqglylgxdov wkdw kdv d kljk suredelolw| wr eh d fdqqdelv xvhu dqg d orz

suredelolw| wr kdyh d mre> dqg wkhuh lv d jurxs ri :9( ri wkh lqglylgxdov wkdw

kdv d orz suredelolw| wr eh d fdqqdelv xvhu dqg d kljk suredelolw| wr kdyh

d mre1 Dv lqglfdwhg lq wkh erwwrp wzr udzv ri wkh wdeoh zh fdqqrw uhmhfw

wkh k|srwkhvlv wkdw wkhuh lv fruuhodwlrq wkurxjk xqrevhuyhg khwhurjhqhlw|1

Dqg/ zh fdqqrw uhmhfw wkdw sdvw frfdlqh xvh kdv d qhjdwlyh h�hfw rq wkh

hpsor|phqw suredelolw|1

Pdq| ri wkh sdudphwhu hvwlpdwhv iru pdohv duh vlplodu wr wkrvh iru ihpdohv1

Kljkhu hgxfdwhg pdohv dqg pdohv zlwk fkloguhq kdyh d orzhu suredelolw| wr

eh d fxuuhqw fdqqdelv xvhu zkloh vlqjoh pdohv dqg pdohv zlwk sduhqwv wkdw

hyhu xvhg fdqqdelv kdyh d kljkhu suredelolw| wr eh d fdqqdelv xvhu wkdq wkhlu

frxqwhusduwv1 Wkh jurzwk lq hpsor|phqw rssruwxqlwlhv lq wkh vhfrqg kdoi

ri wkh 4<<3v lv dovr suhvhqw iru pdohv1 Djh kdv d srvlwlyh exw glplqlvklqj

h�hfw rq wkh hpsor|phqw udwh +wkh fdofxodwhg pd{lpxp lv djh :3,/ zkloh

kljkhu hgxfdwhg dqg qrq0vlqjoh pdohv kdyh d kljkhu hpsor|phqw udwh wkdq

wkhlu frxqwhusduwv1 Rxu pdlq yduldeohv ri lqwhuhvw/ sdvw fdqqdelv xvh dqg sdvw

frfdlqh xvh kdyh d vljql�fdqw qhjdwlyh h�hfw rq wkh hpsor|phqw udwh1 Frqgl0
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wlrqdo rq wkh revhuyhg fkdudfwhulvwlfv wkhuh lv d qhjdwlyh fruuhodwlrq ehwzhhq

fxuuhqw fdqqdelv xvh dqg hpsor|phqw udwh wkurxjk xqrevhuyhg fkdudfwhulv0

wlfv/ exw wkh Olnholkrrg Udwlr whvw iru devhqfh ri xqrevhuyhg khwhurjhqhlw|

lv qrw vljql�fdqwo| gl�huhqw iurp }hur1

Wkh sdudphwhu hvwlpdwhv lq Wdeoh 7 gl�hu iurp wkrvh lq Wdeoh 6 lq wkh

vhqvh wkdw lq wkh vwduwlqj udwh dqdo|vlv lw zdv srvvleoh wr lghqwli| wkuhh pdvv

srlqwv lq wkh glvwulexwlrq ri xqrevhuyhg khwhurjhqhlw| iru erwk pdohv dqg

ihpdohv zkloh lq wkh dqdo|vhv suhvhqwhg lq Wdeoh 7 zh frxog rqo| lghqwli| wzr

pdvv srlqwv iru ihpdohv
� �
zkloh iru pdohv wkh devhqfh ri xqrevhuyhg khwhur0

jhqhlw| frxog qrw eh uhmhfwhg1 Ixuwkhupruh/ lw frxog wkdw rxu dvvxpswlrq

wkdw sdvw fdqqdelv xvh dqg sdvw frfdlqh xvh lv h{rjhqrxv zlwk uhvshfw wr

wkh hpsor|phqw udwh lv qrw ydolg1 Zh dgguhvv wkhvh wzr lvvxhv lq wkh qh{w

vhfwlrq1

9 Fdqqdelv/ frfdlqh dqg mrev uhfrqvlghuhg

Wr glvwlqjxlvk ehwzhhq fdxvdo h�hfwv iurp guxj xvh wr hpsor|phqw udwhv

dqg fruuhodwlrq ehwzhhq guxjv xvh dqg hpsor|phqw udwhv ehfdxvh ri mrlqw

xqrevhuyhg ghwhuplqdqwv zh frpelqh wkh elyduldwh vwduwlqj udwh prgho iru

fdqqdelv dqg frfdlqh zlwk d xqlyduldwh dqdo|vlv ri hpsor|phqw udwhv1 Wkh

dqdo|vlv ri elyduldwh vwduwlqj udwhv doorzv xv wr lghqwli| xqrevhuyhg frpsr0

qhqwv +udqgrp h�hfwv,/ zklfk zh wu| wr uhodwh wr xqrevhuyhg frpsrqhqwv lq

wkh ghwhuplqdqwv ri wkh hpsor|phqw udwhv1 Wr doorz iru xqrevhuyhg khwhur0

jhqhlw| d�hfwlqj wkh hpsor|phqw udwhv dqg fxuuhqw fdqqdelv xvh wkuhh pdvv

srlqwv duh lqfoxghg lq wkh hpsor|phqw htxdwlrq1 Wkh dvvrfldwhg suredelolwlhv

duh ghqrwhg dv iroorzv=

�h Ey  ' y �% > y ! ' y ��! > y . ' y �%. > y / ' y ��/ � ' s �

�h Ey  ' y �% > y ! ' y &�! > y . ' y &'. > y / ' y &�/ � ' s & +:,

�h Ey  ' y &' > y ! ' y &�! > y . ' y (�. > y / ' y (2/ � ' s (
�%�
Zh lqyhvwljdwhg zkhwkhu zh frxog lghqwli| d wklug pdvv srlqw/ exw wklv zdv qrw srvvleoh1

Dssduhqwo|/ wkh suhvhqfh ri xqrevhuyhg khwhurjhqhlw| lv fdswxuhg e| wkh lqwurgxfwlrq ri

wzr pdvv srlqwv1
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Wkh sdudphwhu hvwlpdwhv duh vkrzq lq Wdeoh 81 Vlqfh wkh sdudphwhuv ri

wkh vwduwlqj udwhv dqg prvw ri wkh sdudphwhuv ri wkh fxuuhqw fdqqdelv xvh

suredelolw| dqg wkh hpsor|phqw udwh duh yhu| vlplodu wr wkrvh suhvhqwhg lq

suhylrxv wdeohv zh irfxv wkh glvfxvvlrq rq wkh h�hfwv ri sdvw fdqqdelv xvh/

sdvw frfdlqh xvh dqg wkh suhvhqfh ri xqrevhuyhg khwhurjhqhlw|1

Iru ihpdohv wkh glvwulexwlrq ri wkh xqrevhuyhg khwhurjhqhlw| lv yhu| vlpl0

odu wr wkh rqh suhvhqwhg lq Wdeoh 61 Wkhuh duh wkuhh srlqwv ri vxssruw1 Wkhuh

lv d jurxs ri 5619( wkdw kdv d kljk vwduwlqj udwh iru fdqqdelv/ d kljk vwduwlqj

udwh iru frfdlqh/ d kljk suredelolw| wr eh d fxuuhqw fdqqdelv xvhu dqg d orz

suredelolw| wr kdyh d mre1 Wkhuh lv dovr d jurxs ri 9314( wkdw kdv d orz

vwduwlqj udwh iru fdqqdelv/ d orz vwduwlqj udwh iru frfdlqh/ d orz suredelolw|

wr eh d fxuuhqw fdqqdelv xvhu dqg d kljk suredelolw| wr kdyh d mre1 Wkh wklug

dqg vpdoohvw jurxs kdv dq lqwhuphgldwh srvlwlrq1 Zkdw lv reylrxv lv wkdw iru

;61:( ri wkh ihpdohv wkhuh lv d shuihfw qhjdwlyh fruuhodwlrq ehwzhhq rq wkh

rqh kdqg vwduwlqj udwhv iru fdqqdelv dqg frfdlqh dqg fxuuhqw fdqqdelv xvh

dqg rq wkh rwkhu kdqg wkh suredelolw| wr kdyh d ixoo wlph mre1 Ehfdxvh ri

wklv vwurqj qhjdwlyh fruuhodwlrq ehwzhhq guxj xvh dqg hpsor|phqw suredelo0

lw| wkh gluhfw h�hfw ri sdvw guxj xvh rq fxuuhqw hpsor|phqw udwh fkdqjhv1 Dv

vkrzq lq Wdeoh 8 sdvw fdqqdelv xvh kdv d vljql�fdqw srvlwlyh h�hfw rq wkh hp0

sor|phqw udwh ri ihpdohv zkloh sdvw frfdlqh xvh kdv dq lqvljql�fdqw srvlwlyh

h�hfw1 Iurp wkh Olnholkrrg Udwlr whvw vwdwlvwlfv vkrzq lq wkh erwwrp sduw

ri wkh wdeoh lw dsshduv wkdw zh fdqqrw uxoh rxw wkh suhvhqfh ri xqrevhuyhg

khwhurjhqhlw| lq wkh fxuuhqw fdqqdelv xvh suredelolw| dqg hpsor|phqw udwh1

Dqg/ zh fdqqrw uhmhfw wkh k|srwkhvlv wkdw sdvw fdqqdelv xvh kdv d srvlwlyh

h�hfw rq wkh hpsor|phqw udwh ri ihpdohv1

Iru pdohv wkhuh duh vlplodu hvwlpdwlrq uhvxowv dv iru ihpdohv1 Iru derxw

;3( ri wkh pdohv wkhuh lv d qhjdwlyh fruuhodwlrq ehwzhhq rq wkh rqh kdqg

vwduwlqj udwhv iru fdqqdelv dqg frfdlqh dqg fxuuhqw fdqqdelv xvh dqg rq wkh

rwkhu kdqg wkh suredelolw| wr kdyh d ixoo wlph mre1 Ehfdxvh ri wklv wkh h�hfwv

ri sdvw fdqqdelv xvh dqg sdvw frfdlqh xvh rq wkh hpsor|phqw udwh duh qr

orqjhu vljql�fdqwo| gl�huhqw iurp }hur1 Dv vkrzq e| wkh Olnholkrrg Udwlr

vwdwlvwlf lq wkh erwwrp sduw ri wkh wdeoh zh fdqqrw uhmhfw wkh k|srwkhvlv wkdw

wkhuh lv qr gluhfw h�hfw ri sdvw fdqqdelv dqg frfdlqh xvh rq wkh hpsor|phqw

4;



udwh ri pdohv1

Doo lq doo zh orqjhu �qg ghwulphqwdo h�hfwv ri fdqqdelv dqg frfdlqh rq

wkh hpsor|phqw udwhv ri ihpdoh dqg pdoh lqglylgxdov1

: Frqfoxvlrqv

Wklv sdshu ghdov zlwk wkh srvvleoh ghwulphqwdo h�hfwv ri wkh xvh ri fdqqdelv

dqg frfdlqh rq wkh hpsor|phqw srvlwlrq ri lqglylgxdov1 Uhvxowv iurp suhylrxv

vwxglhv duh lqfrqfoxvlyh derxw wkhvh h�hfwv1 Vrph vwxglhv �qg wkdw wkhuh duh

ghwulphqwdo h�hfwv exw rwkhu vwxglhv �qg qr h�hfw dqg vrph vwxglhv hyhq

�qg d srvlwlyh h�hfw ri fdqqdelv xvh1 Li wkhuh duh xqrevhuyhg ghwhuplqdqwv

wkdw d�hfw fdqqdelv dqg frfdlqh xvh wkdw duh fruuhodwhg zlwk xqrevhuyhg

ghwhuplqdqwv ri wkh hpsor|phqw udwh rqh kdv wr dffrxqw iru vhohfwlylw|1 Wkh

pdlq lvvxh lq doo vwxglhv lv krz wr fruuhfw iru wklv srvvleoh vhohfwlylw| lq wkh

xvh ri fdqqdelv dqg frfdlqh1 Suhylrxv vwxglhv kdyh xvhg yduldeohv uhodwlqj wr

sdvw idplo| vlwxdwlrq/ sduhqwdo hgxfdwlrq dqg orfdo guxj sulfhv dv lqvwuxphqwv1

Wklv vwxg| xvhv dq dowhuqdwlyh dssurdfk zkhuh wkh khwhurjhqhlw| lq vwduwlqj

udwhv ri fdqqdelv dqg frfdlqh xvh duh uhodwhg wr xqrevhuyhg khwhurjhqhlw| lq

wkh hpsor|phqw udwhv1 Wklv sdshu irfxvhv rq sulph djh lqglylgxdov olylqj lq

Dpvwhugdp1 Iru ihpdohv zh �qg wkdw wkhuh lv d srvlwlyh fdxvdo h�hfw ri sdvw

fdqqdelv xvh rq wkh hpsor|phqw udwh1 Iru pdohv sdvw xvh ri fdqqdelv dqg

frfdlqh lv fruuhodwhg zlwk orzhu hpsor|phqw udwhv1 Krzhyhu/ wkh idfw wkdw

lqglylgxdov wkdw kdyh xvhg fdqqdelv ru frfdlqh duh ohvv olnho| wr eh hpsor|hg

kdv wr gr zlwk +xqrevhuyhg, shuvrqdo fkdudfwhulvwlfv dqg qrw zlwk d fdxvdo

h�hfw1 Diwhu fruuhfwlqj iru xqrevhuyhg shuvrqdo fkdudfwhulvwlfv wkhuh lv qr

qhjdwlyh h�hfw ri fdqqdelv xvh ru frfdlqh xvh rq hpsor|phqw udwh ri pdohv1
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Uhihuhqfhv

^4` Deudkdp/ P1G1/ K1 O1 Nddo/ dqg S1G1D1 Frkhq +5336, Olflw dqg loolflw

guxj xvh lq Dpvwhugdp= 4<;:05334/ Dpvwhugdp/ FHGUR/ Xqlyhuvlw|

ri Dpvwhugdp1

^5` Erhnkrxw ydq Vrolqjh/ W1 +4<<<, Gxwfk guxj srolf| lq d Hxurshdq frq0

wh{w/ Mrxuqdo ri Guxj Lvvxhv/ 5</ 844085;1

^6` Exujhvv/ V1P1/ dqg F1 Sursshu +4<<;, Hduo| khdowk0uhodwhg ehkdylruv

dqg wkhlu lpsdfw rq odwhu olih fkdqfhv= hylghqfh irup wkh XV/ Khdowk

Hfrqrplfv/ :/ 6;406<<1

^7` GhVlprqh/ M1 +5335, Loohjdo guxj xvh dqg hpsor|phqw/ Mrxuqdo ri Oderu

Hfrqrplfv/ 53/ <850<::1

^8` Iuhqfk/ P1W1/ P1F1 Urhexfn/ dqg S1N1 Doh{dqguh +5334, Loolflw guxj xvh/

hpsor|phqw dqg oderu irufh sduwlflsdwlrq/ Vrxwkhuq Hfrqrplf Mrxuqdo/

9;/ 5/ 67<069;1

^9` Jloo D1/ dqg U1 Plfkdhov +4<<5, Grhv guxj xvh orzhu zdjhvB Lqgxvwuldo

dqg Oderu Uhodwlrqv Uhylhz/ 78/ 74<07671

^:` Ndhvwqhu/ U1 +4<<7d, Wkh h�hfw ri loolflw guxj xvh rq wkh oderu vxsso|

ri |rxqj dgxowv/ Mrxuqdo ri Kxpdq Uhvrxufhv/ 5</ 45904881

^;` PdfGrqdog/ ]1/ dqg V1 Sxgqh| +5333d, Loolflw guxj xvh/ xqhpsor|phqw/

dqg rffxsdwlrqdo dwwdlqphqw/ Mrxuqdo ri Khdowk Hfrqrplfv/ 4</ 43;<0

44481

^<` PdfGrqdog/ ]1/ dqg V1 Sxgqh| +5333e, Dqdo|}lqj guxj dexvh zlwk

Eulwlvk Fulph Vxuyh| gdwd= prghoolqj dqg txhvwlrqqdluh ghvljq lvvxhv/

Mrxuqdo ri wkh Ur|do Vwdwlvwlfdo Vrflhw|/ Vhulhv F +Dssolhg Vwdwlvwlfv,/

7</ <8044:1

^43` PdfGrqdog/ ]1/ dqg V1 Sxgqh| +5334, Loolflw guxj xvh dqg oderu pdunhw

dfklhyhphqw= hylghqfh iurp wkh XN/ Dssolhg Hfrqrplfv/ 66/ 4988049;;1
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^44` Uhjlvwhu F1/ dqg G1 Zlooldpv +4<<5, Oderu pdunhw h�hfwv ri pdulmxdqd

dqg frfdlqh xvh dprqj |rxqj phq/ Lqgxvwuldo dqg Oderu Uhodwlrqv Uh0

ylhz/ 78/ 768077;1

^45` Whu}d/ M1Y1/ dqg S1E1 Yhfkqdn +5334, Wkh h�hfw ri vxevwdqfh dexvh

rq hpsor|phqw vwdwxv/ plphr/ Ghsduwphqw ri Hfrqrplfv/ Shqqv|oydqld

Vwdwh Xqlyhuvlw|1

^46` Ydq ghq Ehuj/ J1M1 +5333, Gxudwlrq Prghov= Vshfl�fdwlrq/ Lghqwl�fd0

wlrq/ dqg Pxowlsoh Gxudwlrqv/ lq= Khfnpdq/ M1M1/ dqg H1 Ohdphu +hgv1,/

Kdqgerrn ri Hfrqrphwulfv/ Yroxph Y/ Qruwk0Kroodqg1

^47` Ydq Rxuv/ M1F1 +5336, Lv fdqqdelv d vwhsslqj0vwrqh iru frfdlqhB/ Mrxuqdo

ri Khdowk Hfrqrplfv/ 55/ 86<08871

^48` Ydq Rxuv/ M1F1 +5337d, D slqw d gd| udlvhv d pdq*v sd| exw vprnlqj

eorzv wkdw jdlq dzd|/ Glvfxvvlrq sdshu FhqwHU/ qr 5335053/ Wloexuj

Xqlyhuvlw|/ Mrxuqdo ri Khdowk Hfrqrplfv/ iruwkfrplqj1

^49` Ydq Rxuv/ M1F1 +5337e, Fdqqdelv/ frfdlqh dqg zdjhv ri sulph djh pdohv/

Glvfxvvlrq Sdshu/ FhqwHU iru Hfrqrplf Uhvhdufk/ Wloexuj Xqlyhuvlw|1

^4:` ]dunlq/ J1/ P1 Iuhqfk/ W1 Pur}/ dqg M1 Eud| +4<<;, Wkh uhodwlrqvkls

ehwzhhq guxj xvh dqg oderu vxsso| iru |rxqj phq/ Oderu Hfrqrplfv/ 8/

6;8073<1
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; Dsshqglfhv

;14 Dsshqgl{ 4= Lqirupdwlrq derxw wkh gdwdvhw

;1414 Jhqhudo vhw0xs

FHGUR/ wkh Fhqwhu iru Guxj Uhvhdufk ri wkh Xqlyhuvlw| ri Dpvwhugdp kdv

froohfwhg gdwd rq guxj xvh lq 4<;:/ 4<<3/ 4<<7/ 4<<: dqg 5334 +vhh Deudkdp

hw do1 +5336, iru d ghwdlohg ghvfulswlrq,1 Lq wklv sdshu wkh vxuyh|v ri 4<;:

dqg 4<<3 duh qrw lqfoxghg lq wkh dqdo|vlv1 Wkh vxuyh|v ri 4<;: dqg 4<<3 duh

qrw xvhg ehfdxvh wkhuh lv qr lqirupdwlrq derxw sduhqwdo fdqqdelv xvh1 Wkh

dqdo|vlv lq wklv sdshu lv edvhg rq wkh odvw wkuhh vxuyh|v1 Wkhuh duh vrph

gl�huhqfhv ehwzhhq wkh vxuyh|v/ exw wkh lqirupdwlrq xvhg lq wklv sdshu lv

froohfwhg frqvlvwhqw wkurxjk wlph1 Wkh gdwd rq guxj xvh duh edvhg rq vhoi0

uhsruwhg lqirupdwlrq/ zklfk lv wkh qrup iru dqdo|vhv ri guxj frqvxpswlrq1

Wkh vxuyh| srsxodwlrq lv gh�qhg dv doo shuvrqv lq wkh Pxqlflsdo Srsxodwlrq

Uhjlvwu| ri Dpvwhugdp1

Lq 4<<7 wzr lqwhuylhz phwkrgv zhuh xvhg/ d zulwwhq dqg d frpsxwhu dv0

vlvwhg yhuvlrq +xvlqj odswrs frpsxwhuv zkhuh wkh lqwhuylhzhu gluhfwo| w|shg

lq wkh dqvzhuv,1 Wkh vdpsoh zdv udqgrpo| vxeglylghg lqwr wzr htxdo vl}hg

vdpsohv1 Lw wxuqhg rxw wkdw wkh lqwhuylhz phwkrg glg qrw d�hfw wkh dqvzhuv

wr wkh txhvwlrqv1 Wkh 4<<: vxuyh| zdv ixoo| frpsxwhu dvvlvwhg1 Wkh 5334

vxuyh| zdv edvhg rq d pl{wxuh ri phwkrgv1 Uhvsrqghqwv frxog fkrrvh eh0

wzhhq d sdshu txhvwlrqqdluh/ d frpsxwhu dvvlvwhg idfh0wr0idfh lqwhuylhz/ dq

lqwhuylhz shu whohskrqh/ yld wkhlu rzq frpsxwhu rq wkh Lqwhuqhw ru rq d frp0

sxwh glvn + rss| glvn e| pdlo,1 Wkh qrq0uhvsrqvh lq 4<<7 7<15(/ lq 4<<:

7;14(/ dqg lq 5334 931

Wkh dydlodeoh gdwd uhihu wr doo lqkdelwdqwv ri Dpvwhugdp ri 45 |hduv dqg

roghu1 Zh uhgxfhg wklv vdpsoh e| xvlqj d qxpehu ri fulwhuld1 Ehfdxvh wkh

irfxv ri wkh sdshu lv rq zdjhv ri hpsor|hg lqglylgxdov zh rqo| frqvlghu lq0

glylgxdov zkr zhuh ehwzhhq djh 59 dqg 83 dw wkh wlph ri wkh vxuyh|1 Wkh

lqglylgxdov lq wklv djh fdwhjru| kdyh �qlvkhg wkhlu hgxfdwlrq dqg kdyh pdgh

wkh fkrlfh derxw zkhwkhu ru qrw wr sduwlflsdwh lq wkh oderu pdunhw1 Ehfdxvh

vrph vwxglhv �qg lqglylgxdov iurp hwkqlf plqrulw| jurxsv wr xqghuuhsruw
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guxj frqvxpswlrq zh irfxv rq lqglylgxdov eruq lq wkh Qhwkhuodqgv zlwk d

Gxwfk qdwlrqdolw|1 Zh glg wkh dqdo|vhv vhsdudwho| iru pdohv dqg ihpdohv1

Diwhu uhprylqj revhuydwlrqv zlwk lqfrpsohwh lqirupdwlrq wkh qhw vdpsohv

frqwdlq 563; ihpdohv dqg 538: pdohv1 Lqirupdwlrq zlwk uhvshfw wr zrunlqj

krxuv lv dydlodeoh lq fdwhjrulhv1 Iru wkh vxuyh|v ri 4<<7 dqg 4<<: wkh fdwh0

jrulhv duh +lq zhhno| krxuv h{foxglqj ryhuwlph sd|phqwv,= ? ;/ ;053/ 53065/

A651 Iru wkh vxuyh| ri 5334 wkh fdwhjrulhv duh= 4/ 5043/ 44053/ A531 Lq wkh

dqdo|vlv zh dvvxph wkdw d ixoo0wlph mre uhihuv wr d zrunlqj wlph ri pruh wkdq

53 krxuv shu zhhn1

;1415 H{sodqdwru| yduldeohv

Lq wkh dqdo|vlv wkh iroorzlqj h{sodqdwru| yduldeohv duh xvhg=

� Djh= Djh ri lqglylgxdov dw wkh wlph ri wkh vxuyh|1

� Vhfrqgdu| hgxfdwlrq= Gxpp| yduldeoh zlwk d ydoxh ri 4 li wkh lqglylg0

xdo dwwhqghg vhfrqgdu| jhqhudo ru yrfdwlrqdo hgxfdwlrq/ dqg d ydoxh ri

3 rwkhuzlvh1 Vhfrqgdu| hgxfdwlrq uhihuv wr lqwhuphgldwh yrfdwlrqdo ru

vhfrqgdu| jhqhudo hgxfdwlrq1

� Kljkhu hgxfdwlrq= Gxpp| yduldeoh zlwk d ydoxh ri 4 li wkh lqglylgxdo

dwwhqghg kljkhu yrfdwlrqdo ru dfdghplf hgxfdwlrq/ dqg d ydoxh ri 3

rwkhuzlvh1 Vlqfh wkhuh duh wkuhh gxpp| yduldeohv iru hgxfdwlrq wkh

ryhudoo uhihuhqfh jurxs frqvlvwv ri lqglylgxdov zlwk rqo| edvlf hgxfdwlrq1

� Vlqjoh= Gxpp| yduldeoh zlwk d ydoxh ri 4 li wkh lqglylgxdo lv olylqj dorqh

dqg d ydoxh ri 3 li wkh lqglylgxdo lv sduw ri d pxowl0shuvrq krxvhkrog1

� Fkloguhq= Gxpp| yduldeoh zlwk d ydoxh ri 4 li wkh lqglylgxdo kdv fklo0

guhq dqg d ydoxh ri 3 rwkhuzlvh1

� Ixoo0wlph= Gxpp| yduldeoh zlwk d ydoxh ri 4 li wkh lqglylgxdo kdv d

uhjxodu mre ri dw ohdvw 53 krxuv shu zhhn dqg d ydoxh ri 3 rwkhuzlvh1

� \hdu 4<<: +5334,= Gxpp| yduldeoh zlwk d ydoxh ri 4 li wkh lqglylgxdo

sduwlflsdwhg lq wkh vxuyh| ri 4<<: +5334, dqg d ydoxh ri 3 rwkhuzlvh1
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� Eluwk |hdu= \hdu ri eluwk/ fdofxodwhg dv +|hdu ri vxuyh| � djh �

4<83,243

� Fdqqdelv xvh sduhqwv= rqh ru erwk sduhqwv kdyh hyhu xvhg fdqqdelv

� Sdvw xvh ri fdqqdelv +frfdlqh,= Olih wlph suhydohqfh fdqqdelv +frfdlqh,

@ 4

� Uhfhqw xvh ri fdqqdelv +frfdlqh,= Odvw |hdu suhydohqfh fdqqdelv +fr0

fdlqh, @ 4

;15 Dsshqgl{ 51 Elyduldwh surelw hvwlpdwhv

Li zh xvh d elyduldwh surelw vshfl�fdwlrq zh �qg

sdvw fdqqdelv xvh/ qr fxuuhqw xvh = x & E{� . n � / > �{� & ( �� +;,

sdvw dqg fxuuhqw fdqqdelv xvh = x & E{� . n � / > {� & ( �� +<,

qr sdvw fdqqdelv xvh= xE{� . � +43,

wkh vlwxdwlrq zkhuh wkh lqglylgxdo kdv qr mre duh htxlydohqw1 Wkh sdudphwhuv

duh hvwlpdwhg zlwk pd{lpxp olnholkrrg dqg duh vkrzq lq Wdeoh 9 dqg duh

yhu| vlplodu wr wkrvh suhvhqwhg lq Wdeoh 7 zkhuh d elyduldwh orjlw vshfl�fdwlrq

lv xvhg1 Kljkhu hgxfdwhg lqglylgxdov/ qrq0vlqjoh lqglylgxdov/ lqglylgxdov zlwk

fkloguhq dqg lqglylgxdov zkr gr qrw kdyh sduhqwv wkdw xvhg fdqqdelv kdyh d

orzhu fdqqdelv xvh wkdq wkhlu frxqwhusduwv1 Frqglwlrqdo lq wkhlu revhuyhg dqg

xqrevhuyhg fkdudfwhulvwlfv/ wkh hpsor|phqw udwh lv kljkhu lq 4<<: dqg 5334

wkdq lq 4<<71 Djh kdv d qrqolqhdu h�hfw rq wkh hpsor|phqw udwh1 Hgxfdwlrq

kdv d vljql�fdqw srvlwlyh h�hfw rq wkh hpsor|phqw udwh dqg erwk pdoh dqg

ihpdoh vlqjohv kdyh d vpdoohu suredelolw| wr kdyh d +ixoo0wlph, mre1 Iru ihpdohv

wkh suhvhqfh ri fkloguhq dovr uhgxfhv wkh hpsor|phqw udwh1 Ixuwkhupruh/ iru

sulph djh ihpdohv wkhuh lv d srvlwlyh hpsor|phqw h�hfw ri sdvw fdqqdelv

xvh dqg d qhjdwlyh hpsor|phqw h�hfw ri sdvw frfdlqh xvh1 Iru sulph djh

pdohv sdvw fdqqdelv xvh dqg sdvw frfdlqh xvh erwk kdyh d qhjdwlyh h�hfw

rq wkh hpsor|phqw udwh1 Ilqdoo|/ frqglwlrqdo rq wkh h�hfwv ri wkh revhuyhg

fkdudfwhulvwlfv wkhuh lv d vljql�fdqw qhjdwlyh fruuhodwlrq wkurxjk xqrevhuyhg
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ghwhuplqdqwv ehwzhhq uhfhqw fdqqdelv xvh dqg hpsor|phqw udwh1 Wkrvh wkdw

xvh fdqqdelv kdyh d vpdoohu suredelolw| wr kdyh d mre> ru lq rwkhu zrugv

wkrvh wkdw kdyh d vpdoo suredelolw| wr kdyh d mre kdyh d kljk suredelolw|

wr xvh fdqqdelv1 Li wkhuh lv fdxvdolw|/ lw lv qrw srvvleoh wr gudz frqfoxvlrqv

frqfhuqlqj wkh gluhfwlrq ri fdxvdolw|1
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Wdeoh 4 Wkh xvh ri fdqqdelv dqg frfdlqh
 <

Fdqqdelv Frfdlqh Ihpdohv Pdohv

Hyhu � 7:1; 8:1<

� Hyhu 4517 4:16

Hyhu Hyhu 4515 491:

Hyhu Qhyhu 6819 7414

Qhyhu Hyhu 315 319

Qhyhu Qhyhu 8513 7419

43313 43313

Odvw |hdu Odvw |hdu 418 619

Odvw |hdu Sdvw 51; 917

Odvw |hdu Qhyhu 915 431<

Odvw |hdu � 4318 531<

� Odvw |hdu 516 716

� 58 wlphv � 58 wlphv 41< 71:

� 58 wlphv ? 58 wlphv 818 :1;

� 58 wlphv Qhyhu 4313 4815

� 58 wlphv 4:17 5:1:

� 58 wlphv 518 819

Odvw prqwk � 915 451;

� Odvw prqwk 413 41;

 <
Vdpsoh ri 563; ihpdohv dqg 538: pdohv djh 59083
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Wdeoh 5 Fkdudfwhulvwlfv gl�huhqw w|shv ri guxj xvhuv

Djh Kljk Vlqjoh Fklog Sduhqwv Hpsor|phqw Q

hgxf fdqqdelv ixoo0wlph wrwdo

+(, +(, +(, +(, +(, +(,

Ihpdohv

Doo 691: 7;18 7418 7417 :1; 961< :915 563;

Qr fdqqdelv qr frfdlqh 6:19 6;15 661: 7:18 41; 8;18 :51; 44<<

Fdqqdelv hyhu 6819 8<19 8313 671; 4718 9<1; :<1; 4436

Fdqqdelv iuhtxhqw 681; 8919 8719 6717 561: 9:14 ::16 734

Fdqqdelv uhfhqw 6715 8515 9318 5416 5515 9514 :513 576

Frfdlqh hyhu 6915 881: 891; 6919 5319 951: :719 5;:

Frfdlqh iuhtxhqw 691: 6;19 8519 7514 6419 8519 9417 8:

Frfdlqh uhfhqw 671: 7916 9414 5<19 581< :317 ;418 87

Pdohv

Doo 6919 7;1< 6;14 6318 :15 ;619 ;:1< 538:

Qr fdqqdelv qr frfdlqh 6:16 7517 6315 6;15 418 ;:17 <314 ;88

Fdqqdelv hyhu 6913 8615 7616 5813 4417 ;413 ;917 44<3

Fdqqdelv iuhtxhqw 6913 7719 7<13 571; 491< :919 ;517 89<

Fdqqdelv uhfhqw 671: 7818 8:14 471< 4:17 :61; ;315 75<

Frfdlqh hyhu 6:13 7818 831; 5315 4;16 :416 :917 689

Frfdlqh iuhtxhqw 691< 6315 9316 5813 5517 9415 9:15 449

Frfdlqh uhfhqw 6815 6;15 9916 4415 5315 9815 :31; ;<
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Wdeoh 6 Sdudphwhu hvwlpdwhv vwduwlqj udwhv fdqqdelv dqg frfdlqh
 <

Ihpdohv Pdohv

Fdqqdelv Frfdlqh Fdqqdelv Frfdlqh

\hdu 4<<: 3139 +317, 03139 +316, 315< +517,- 3159 +418,

\hdu 5334 03136 +315, 03135 +314, 03134 +314, 03153 +414,

Vhfrqgdu| hgxfdwlrq 4135 +717,- 31;; +615,- 3185 +615,- 314; +31;,

Kljkhu hgxfdwlrq 414< +:14,- 31:8 +614,- 314< +415, 03164 +418,

Eluwk |hdu 3178 +816,- 3149 +414, 3174 +818,- 03137 +317,

Fdqqdelv xvh sduhqwv 41<6 +818,- 4184 +814,- 419< +816,- 41;9 +81:,-

Shulrg 5 5135 +4514,- 4144 +916,- 514: +4;17,- 416: +<15,-

Shulrg 6 41<; +:16,- 31<6 +716,- 514: +4515,- 4144 +81;,-

Shulrg 7 316< +413, 031:8 +51;,- 31:: +51:,- 03139 +316,

Pdvv srlqwv �  > � ! 051:8 +:16,- 081:6 +581;,- 051:; +4416,- 08157 +4<15,-

Suredelolw| � � 031;; +617,-
! <

0319; +714,-

Suredelolw| � & 041:8+518,- 04176 +61<,-

0Orjolnholkrrg 8<3719 95;71;

Q 563; 538:

 <
563; ihpdohv dqg 538: pdohv> devroxwh w0ydoxhv lq sduhqwkhvhv> - lqglfdwhv wkdw

wkh frh!flhqw lv dw d 8( ohyho vljql�fdqwo| gl�huhqw iurp }hur1
! <
Wkh suredelolwlhv duh +(,

s � s & s (
Ihpdohv 5914 431< 9613

Pdohv 641< 4814 8613

Lqfolqdwlrq wrzdugv

Fdqqdelv kljk kljk orz

Frfdlqh kljk orz orz
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Wdeoh 7 Hvwlpdwlrq uhvxowv elyduldwh orjlwv guxj xvh 0 hpsor|phqw udwhv
 <

Ihpdohv Pdohv

Fdqqdelv Ixoo0wlph Fdqqdelv Ixoo0wlph

fxuuhqwo| mre fxuuhqwo| mre

\hdu 4<<: 4194 +515,- 319; +81;,- 0316: +414, 31:3 +719,-

\hdu 5334 3165 +318, 3189 +71<,- 03184 +416, 31;< +81:,-

Djh 3156 +318, 3153 +517,- 03147 +318, 3159 +517,-

Djh
&
@�ff 03177 +31:, 03159 +516,- 313< +316, 0316; +51:,-

Vhfrqgdu| hgxfdwlrq 031<8 +414, 4136 +:1;,- 3134 +313, 3143 +319,

Kljkhu hgxfdwlrq 06133 +514,- 4189 +451;,- 031;< +41;, 319; +715,-

Vlqjoh 319: +414, 03165 +614,- 4174 +518,- 03197 +718,-

Fkloguhq 0614: +51<,- 031<6 +;19,- 031<4 +51;,- 313< +318,

Fdqqdelv xvh sduhqwv 51:6 +41<, 0 4187 +41<, 0

Sdvw fdqqdelv E� /� � 0 3154 +41<, 0 0316< +519,-

Sdvw frfdlqh +� /�A � 0 0316< +516,- 0 03198 +61<,-

Pdvv srlqwv � / > � . 0;164 +616,- 317; +517,- 07173 +518, 3176 +41:,

Suredelolw| � 04149 +<14,- 03145 +316,

0Orjolnholkrrg 4;8914 488:1;

OU whvw

� / ' � . ' f 4715- 913

� /� ' � /�A ' f 91;- 5<17-

 <
Vhh Wdeoh 6 irrwqrwh d1
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Wdeoh 8 Uhvxowv mrlqw hvwlpdwhv
 <

Ihpdohv Pdohv

Fdqqdelv Ixoo0wlph Fdqqdelv Ixoo0wlph

\hdu 4<<: 317; +516,- 31:5 +819,- 0315< +417, 319< +719,-

\hdu 5334 314; +31<, 318: +71:,- 0315; +416, 31;< +819,-

Djh 03139 +317, 03139 +317, 03153 +417, 3159 +517,-

Djh
&
@�ff 3136 +315, 0315; +517,- 314; +413, 0316; +51:,-

Vhfrqgdu| hgxfdwlrq 03163 +414, 31<9 +91:,- 314; +31:, 313; +318,

Kljkhu hgxfdwlrq 03199 +519,- 4184 +4416,- 0317; +514, 319; +715,-

Vlqjoh 3169 +514,- 03164 +51<,- 31:8 +716,- 03196 +717,-

Fkloguhq 031;: +716,- 031<8 +;15,- 0318; +51;,- 3143 +319,

Fdqqdelv xvh sduhqwv 3194 +518,- 0 31<9 +616,- 0

Sdvw fdqqdelv 0 3185 +514,- 0 03167 +415,

Sdvw frfdlqh 0 3174 +413, 0 03177 +419,

Pdvv srlqwv � &'/ > � &�. 051;6 +419, 418< +516,- 06187 +613,- 3189 +416,

Pdvv srlqwv � (2/ > � (�. 031:: +519,- 4164 +51:,- 04165 +71:,- 3169 +31<,

Vwduwlqj udwhv Fdqqdelv Frfdlqh Fdqqdelv Frfdlqh

\hdu 4<<: 3135 +314, 03148 +31:, 315< +517,- 3158 +417,

\hdu 5334 03138 +317, 0313; +316, 3136 +315, 3156 +414,

Vhfrqgdu| hgxfdwlrq 413: +813,- 31<7 +617,- 315< +517,- 3155 +413,

Kljkhu hgxfdwlrq 4154 +:14,- 31;3 +617,- 3184 +615,- 0315< +417,

Eluwk |hdu 317: +917,- 314: +415, 3173 +71<,- 03139 +318,

Fdqqdelv xvh sduhqwv 5134 +91<,- 4176 +819,- 41:3 +81:,- 41:8 +818,-

Shulrg 5 5139 +4714,- 4147 +91;,- 514; +4<13,- 4173 +<1;,-

Shulrg 6 5138 +<15,- 31<< +71;,- 514; +4515,- 414< +919,-

Shulrg 7 317< +418, 0319: +518,- 31:: +519,- 313: +316,

�  > � ! 051;: +<13,- 061:; +4315,- 051:: +431;,- 0618< +431:,-

Suredelolw| � � 031<; +719,-
! <

031;7 +819,-

Suredelolw| � & 04168 +61;,- 04153 +717,-

0Orjolnholkrrg ::7818 ::<81;

OU whvw

� &'/ ' � &'. ' � &'/ ' � &'. ' f 5516- :<19-

� /� ' � /�A ' f :15- 717
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 <
Vhh Wdeoh 6 irrwqrwh d1

! <
Wkh suredelolwlhv duh +(,

s � s & s (
Ihpdohv 5619 4916 9314

Pdohv 5:15 4<13 861<

Lqfolqdwlrq wrzdugv

Fdqqdelv kljk kljk orz

Frfdlqh kljk orz orz

Suredelolw| ri

Fxuuhqw frfdlqh xvh kljk orz orz

Ixoo wlph mre orz kljk kljk

64



Wdeoh 9 Hvwlpdwlrq uhvxowv elyduldwh surelwv guxj xvh 0 hpsor|phqw udwhv
 <

Ihpdohv Pdohv

Fdqqdelv Ixoo0wlph Fdqqdelv Ixoo0wlph

Suhvhqw mre Suhvhqw mre

\hdu 4<<: 3159 +517,- 3173 +81;,- 03144 +415, 316< +71:,-

\hdu 5334 3145 +415, 3166 +71<,- 03147 +418, 317< +81;,-

Djh 3135 +316, 3145 +518,- 03135 +316, 3147 +517,-

Djh
&
@�ff 03138 +318, 03149 +517,- 03135 +315, 03154 +51:,-

Vhfrqgdu| hgxfdwlrq 03155 +419, 3196 +;13,- 3136 +316, 3138 +319,

Kljkhu hgxfdwlrq 03173 +614,- 31<7 +4613,- 03158 +517,- 316: +715,-

Vlqjoh 3156 +518,- 03153 +615,- 3174 +71<,- 0316: +715,-

Fkloguhq 03177 +716,- 03177 +716,- 03166 +615,- 03137 +317,

Fdqqdelv xvh sduhqwv 3167 +51<,- 0 3176 +619,- 0

Sdvw fdqqdelv +� /� � 0 3145 +41;, 0 03155 +51:,-

Sdvw frfdlqh +� /�A � 0 03155 +516,- 0 03168 +61:,-

� 03148 +518,- 03146 +515,-

0Orjolnholkrrg 4;8<1; 488;19

OU whvw

� ' f 913- 719-

� /� ' � /�A ' f 919- 661;-

 <
Vhh Wdeoh 6 irrwqrwh d1
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Iljxuh 4=
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Iljxuh 5=
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