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Devwudfw

Srolf| fkdqjh kdv hurghg wkh hqwlwohphqw ri XN uhvlghqwv wr iuhh vwdwh sur0
ylghg khdowk fduh/ zlwk d uhvxowlqj ulvh lq wkh xvh ri wkh sulydwh vhfwru1 Wklv
sdshu h{dplqhv wkh fkrlfh ehwzhhq sxeolf dqg sulydwh khdowk fduh1 Lw prghov
wkh xvh ri sulydwh khdowk fduh dv d ixqfwlrq ri lwv frvwv dqg ehqh�wv uhodwlyh
wr vwdwh fduh dqg qr fduh1 Wkh uhvxowv lqglfdwh d gl�huhqfh ehwzhhq xvhuv ri
sulydwh fduh dqg rwkhu fduh/ dqg wkh lpsruwdqfh ri sdvw xvh dv d suhglfwru ri
fxuuhqw xvh1 Exw wkh| dovr vkrz frqvlghudeoh pryhphqw ehwzhhq wkh sxeolf
dqg sulydwh vhfwruv/ lqglfdwlqj d frpsoh{ uhodwlrqvkls lq sxeolf dqg sulydwh
vhfwru xvh1



4 Lqwurgxfwlrq
Khdowk fduh lq wkh XN lv suhgrplqdwho| vwdwh �qdqfhg1 Exw zkloh dssur{l0
pdwho| ;8 shufhqw ri ixqglqj frphv iurp wkh sxeolf sxuvh/ wkh xvh ri sulydwh
khdowk fduh vhuylfhv lv ulvlqj1 Zkloh srolwlfldqv kdyh vwuhvvhg wkhlu frpplw0
phqw wr wd{0�qdqfhg iuhh krvslwdo fduh/ srolf| fkdqjh kdv uhgxfhg holjlelolw|
iru sxeolfo| surylghg wuhdwphqw/ lqfuhdvhg frsd|phqwv iru ghqwdo/ rswkdoplf
vhuylfhv dqg skdupdfhxwlfdov/ dqg uhgxfhg wkh sd|phqwv pdgh wr lqghshq0
ghqw frqwudfwruv zkr surylgh vwdwh �qdqfhg ghqwdo fduh1 Wkhvh fkdqjhv kdyh
ehhq dffrpsdqlhg e| d jurzwk lq wkh lpsruwdqfh ri wkh sulydwh vhfwru lq wkh
surylvlrq ri khdowk fduh lq wkh XN1

Wklv jurzwk frxog d�hfw sxeolf surylvlrq +wkh QKV, lq d qxpehu ri zd|v1
Iluvw uhgxfwlrqv lq wkh dydlodelolw| ri iuhh fduh/ sduwlfxoduo| uhgxfwlrqv zklfk
pd| qrw kdyh ehhq wkh lqwhqghg frqvhtxhqfh ri srolf|/ pd| d�hfw zkhwkhu
QKV htxlw| jrdov duh ehlqj phw1 Vhfrqg/ wkh ghpdqg iru sulydwh vhfwru
vhuylfhv d�hfwv wkh sxeolf vhfwru1 Dv lq pdq| khdowk fduh v|vwhpv lq zklfk
wkh sulydwh vhfwru rshudwhv dorqjvlgh d odujhu sxeolf vhfwru/ oderxu lq wkh QKV
lv dovr hpsor|hg lq wkh sulydwh vhfwru/ riwhq vlpxowdqhrxvo|1 Lq wkh vkruw uxq/
d vljql�fdqw h{sdqvlrq lq sulydwh ghpdqg zrxog uhgxfh wkh dydlodelolw| ri
vwd� wr wkh sxeolf vhfwru dqg vr uhgxfh wkh txdolw| ri sxeolf vhfwru vhuylfhv1
Pruh vxewo|/ dq lqfuhdvh lq wkh xvh ri sulydwh vhuylfhv pd| eh dffrpsdqlhg
e| d ghfuhdvh lq wkh vxssruw iru/ dqg zloolqjqhvv wr sd|/ wd{hv iru wkh sxeolf
vhfwru1 Kljk sulydwh xvdjh ohdglqj wr odfn ri *yrlfh* dqg wd{sd|hu glvfrqwhqw
frxog ohdg wr wkh hyroxwlrq ri wkh QKV lqwr d *srru vhuylfh iru wkh srru*1

Wklv odvw h�hfw lv olnho| wr eh ohvv lpsruwdqw li lqglylgxdov zkr xvh sulydwh
vhuylfhv frqwlqxh wr xvh wkh QKV dw wkh vdph wlph/ dqg li wkh xvh ri wkh
sulydwh vhfwru iru rqh w|sh ri vhuylfh lv qrw olqnhg wr xvh ri dqrwkhu1 Jlyhq
wkh slhfhphdo qdwxuh ri srolf| fkdqjh rq wkh xvh ri sulydwh �qdqfh lq XN
khdowk fduh/ wklv lv shuihfwo| srvvleoh= lqglylgxdov pd| xvh erwk sxeolf dqg
sulydwh vhuylfhv/ dqg pd| uhwdlq dq ryhudoo vwurqj frpplwphqw wr wkh vwdwh
�qdqflqj ri khdowk fduh hyhq wkrxjk wkh| duh sulydwh vhuylfh xvhuv1 Rq wkh
rwkhu kdqg/ wkh fkdqjhv lq srolf| pd| kdyh ohdg wr wkh ghyhorsphqw ri d
jurxs ri xvhuv zkr ghpdqg doprvw doo wkhlu khdowk fduh iurp wkh sulydwh
vhfwru dqg zkr kdyh olwwoh frpplwphqw wr sxeolf ixqglqj ri khdowk fduh1

D vpdoo erg| ri uhvhdufk +prvwo| e| srolwlfdo vflhqwlvwv, kdv lghqwl�hg wkh
lpsruwdqfh ri lqfrph dqg srolwlfdo dwwlwxghv lq wkh xvh ri sulydwh khdowk fduh
vhuylfhv +Sdsdgdnlv dqg Wd|oru Jrre| 4<;:/ Wd|oru Jrre| 4<;</ Fdoqdq hw
do 4<<6,1 Sursshu +4<;</ 4<<6, irxqg lqfrph dqg srolwlfdo eholhiv d�hfwhg wkh
ghflvlrq wr ex| sulydwh phglfdo lqvxudqfh1 Ehvoh| hw do +4<<9, vkrz d olqn
ehwzhhq phglfdo lqvxudqfh sxufkdvh dqg txdolw| ri QKV vhuylfhv1 Exw wklv
uhvhdufk kdv qrw ehhq deoh wr hvwdeolvk zkhwkhu wkh glvwlqfw hfrqrplf dqg
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vrfldo sur�oh ri sulydwh vhfwru xvhuv lv vlpso| gxh wr lqglylgxdo �{hg h�hfwv/
ru zkhwkhu fkdqjhv lq lqfrph ru dwwlwxghv zrxog lqfuhdvh sulydwh vhfwru xvh1
Qru kdv dq| uhvhdufk h{dplqhg wkh g|qdplfv ri sulydwh vhfwru xvh= zkhwkhu
xvh lv uhodwhg wr sdvw ghpdqg/ ru zkhwkhu fxuuhqw ghpdqg iru rqh sulydwh
vhuylfh lv dffrpsdqlhg e| sulydwh ghpdqg iru dqrwkhu1

Wklv sdshu irfxvhv rq wkhvh lvvxhv1 Lw hvwlpdwhv d prgho ri wkh xvh ri
khdowk fduh vhuylfhv zklfk wdnhv lqwr dffrxqw wkh fkrlfh srwhqwldo xvhuv ri fduh
lq wkh XN kdyh ehwzhhq sulydwh fduh/ QKV fduh/ dqg qr fduh1 Lw h{dplqhv
qrw rqo| krvslwdo dqg sk|vlfldq xvh/ exw dovr wkh xvh ri ghqwdo dqg rwkhu
vhuylfhv edvhg lq wkh frppxqlw|1 Wkh hvwlpdwhg prgho doorzv sdvw xvh wr
d�hfw wkh frvwv dqg ehqh�wv ri wkhvh dowhuqdwlyhv1 Wkh gdwd duh iurp wkh
Eulwlvk Krxvhkrog Sdqho Vxuyh| +EKSV,/ d qdwlrqdoo| uhsuhvhqwdwlyh vxuyh|
ri durxqg 8333 krxvhkrogv lqwhuylhzhg hdfk |hdu vlqfh 4<<41 Lq whupv ri
khdowk fduh/ dqg sduwlfxoduo| sulydwh khdowk fduh xvh/ lw lv d ulfk gdwd vhw1 Lw
frqwdlqv lqirupdwlrq rq phglfdo qhhg/ rq phdvxuhv ri srolwlfdo eholhiv derxw
wkh uroh ri wkh sxeolf vhfwru lq wkh surylvlrq ri khdowk fduh/ dqg rq d odujh
vhw ri lqglylgxdo dqg krxvhkrog fkdudfwhulvwlfv1 Lq dgglwlrq lw kdv gdwd rq
khdowk fduh xwlolvdwlrq zklfk glvwlqjxlvkhv ehwzhhq xvh ri QKV dqg sulydwh
vhuylfhv/ dqg zlwklq sulydwh vhuylfhv ehwzhhq wkrvh wkdw duh sxeolfo| ixqghg
dqg wkrvh wkdw duh sdlg rxw ri srfnhw ru e| lqvxudqfh41

Wkh uhvxowv lqglfdwh wkdw xvh ri sulydwh fduh lv vwurqjo| uhodwhg wr lqfrph/
d vhw ri lghqwl�deoh lqglylgxdo ghprjudsklf fkdudfwhulvwlfv/ dqg srolwlfdo dw0
wlwxghv1 Sulydwh xvhuv duh khdowklhu wkdq wkhlu QKV frxqwhusduwv1 Sulydwh
xvh lq wkh sdvw lv vljql�fdqwo| dvvrfldwhg zlwk fxuuhqw xvh1 Ixuwkhu/ doo wkhvh
idfwruv frqwlqxh wr eh vljql�fdqwo| dvvrfldwhg zlwk sulydwh xvh diwhu frqwuro0
olqj iru xqrevhuyhg lqglylgxdo h�hfwv1 Vr lq wklv vhqvh wkhuh lv shukdsv d
gh�qdeoh *sulydwh zhoiduh fodvv*1 Rq wkh rwkhu kdqg/ sulydwh vhfwru xvhuv gr
qrw olyh e| sulydwh xvh dorqh1 Wkh uhvxowv lqglfdwh frqvlghudeoh pryhphqw ri
lqglylgxdov ryhu wlph ehwzhhq wkh sxeolf dqg sulydwh vhfwru1 Fxuuhqw xvh ri
wkh sulydwh vhfwru lv srvlwlyho| dvvrfldwhg zlwk erwk sdvw dqg ixwxuh xvh ri
wkh QKV1 Fxuuhqw xvh ri wkh QKV lqfuhdvhv wkh fkdqfhv ri ixwxuh xvh ri wkh
QKV/ dqg iru vrph vhuylfhv/ dovr lqfuhdvhv wkh suredelolw| ri xvh ri sulydwh
vhuylfhv lq wkh ixwxuh1

Vr lq dgglwlrq wr dq xqghuvwdqglqj ri zkr ex|v sulydwh khdowk fduh/ wkh
sdshu dovr frqwulexwhv wr dq xqghuvwdqglqj ri wkh olqnv ehwzhhq wkh sulydwh
dqg sxeolf vhfwruv lq wkh XN1 Zkloh wkhuh lv frqvlghudeoh uhvhdufk rq wkh olqn
ehwzhhq sxeolf dqg sulydwh khdowk fduh vhfwruv lq wkh Dphulfdq frqwh{w +iru

4Wklv glvwlqfwlrq lv lpsruwdqw dv d vljql�fdqw frpsrqhqw ri XN jryhuqphqw uhirup ri
wkh zhoiduh vhfwru kdv wdnhq wkh irup ri frqwudfwlqj rxw ri surylvlrq ri vhuylfhv wr wkh
sulydwh vhfwru/ zklovw pdlqwdlqj sxeolf ixqglqj ri wkhvh vhuylfhv1
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h{dpsoh/ Fxowhu dqg Juxehu 4<<9d/ 4<<9e,,/ wkh dprxqw ri XN uhvhdufk lv
vpdoo1 PdfDylqfkh| dqg \dqqrsrorxv +4<<6, hvwlpdwh d frvw vkduhv prgho
xvlqj djjuhjdwh gdwd lq zklfk wkh| �qg vljql�fdqw furvv0sulfh hodvwlflwlhv
ehwzhhq sxeolf dqg sulydwh fduh/ Pduwlq dqg Vplwk +4<<;, xvh zdug ohyho gdwd
dqg �qg dq h�hfw ri zdlwlqj olvwv rq ghpdqg iru QKV hohfwlyh vxujhu|/ dqg
Ehvoh| hw do +4<<9, xvh plfurgdwd dqg �qg d srvlwlyh uhodwlrqvkls ehwzhhq
zdlwlqj olvwv dqg sulydwh lqvxudqfh1 Wkh uhvxowv suhvhqwhg khuh vkrz wkh
sdwwhuqv ri dvvrfldwlrq ehwzhhq sxeolf dqg sulydwh vhfwru xvh wr eh txlwh
frpsoh{1 Sulydwh xvh lq wkh sdvw lv pruh olnho| wr ohdg wr fxuuhqw sulydwh
xvh wkdq lv QKV xvh lq wkh sdvw/ exw sulydwh vhuylfh xvh lq wkh sdvw lv dovr
dvvrfldwhg zlwk QKV fxuuhqw xvh1

Wkh sdshu lv rujdqlvhg dv iroorzv1 Vhfwlrq 5 suhvhqwv dq ryhuylhz ri
sulydwh �qdqfhg khdowk fduh lq wkh XN/ dqg d ghvfulswlrq ri wkh xvhuv ri wklv
fduh iurp wkh EKSV1 Vhfwlrq 6 suhvhqwv d prgho ri wkh fkrlfh ehwzhhq xvh ri
sulydwh fduh/ sxeolf fduh dqg qr fduh zklfk prwlydwhv wkh ghpdqg iru sulydwh
fduh zkhuh d iuhh sxeolf dowhuqdwlyh h{lvwv1 Wkh hfrqrphwulf prgho ghulyhg
iurp wklv prgho lv wkhq suhvhqwhg1 Vhfwlrq 7 suhvhqwv hvwlpdwhv ri wkh fkrlfh
ehwzhhq wkh wkuhh dowhuqdwlyhv1 Vhfwlrq 8 irfxvhv rq wkh h�hfw ri sdvw xvh
dqg frqwurov iru lqglylgxdo h�hfwv1 Wkh �qdo vhfwlrq glvfxvvhv wkh uhvxowv1

5 Sulydwh khdowk fduh lq wkh XN
Sulydwh h{shqglwxuh rq khdowk fduh lq wkh XN kdv jurzq iurp < shufhqw ri
wrwdo khdowk fduh h{shqglwxuh lq 4<:< wr 48 shufhqw lq 4<<81 Wklv �jxuh lv
pdgh xs ri sulydwh phglfdo lqvxudqfh suhplxpv +sdlg iru e| hpsor|huv ru
lqglylgxdov, dqg rxw ri srfnhw h{shqglwxuh rq sulydwh phglfdo vhuylfhv dqg
jrrgv1 Rxw ri srfnhw h{shqglwxuh lqfoxghv sd|phqw iru lqsdwlhqw sulydwh fduh/
rwkhu krvslwdo vhuylfhv/ rxwsdwlhqw vhuylfhv/ ghqwdo fduh/ h|h fduh/ frsd|phqwv
iru suhvfulehg phglflqhv dqg ryhu wkh frxqwhu phglflqhv1

Sulydwh surylvlrq ri krvslwdo vhuylfhv kdv dozd|v h{lvwhg dorqjvlgh wkh
QKV1 Wkh 4<<4 QKV uhirupv dwwhpswhg wr jlyh dq lqfhqwlyh iru wkh h{sdq0
vlrq ri vxfk fduh wkurxjk wd{ uholhi rq sulydwh phglfdo lqvxudqfh iru wkh
ryhu093v exw/ ghvslwh wklv/ jurzwk lq sulydwh phglfdo lqvxudqfh kdv uhpdlqhg
vorz gxulqj wkh 4<<3v1 Rq wkh rwkhu kdqg/ srolf| fkdqjh lq ghqwdo dqg h|h
fduh dsshduv wr kdyh kdg d eljjhu lpsdfw rq sulydwh xvh1 Lq 4<;8 QKV suryl0
vlrq ri jodvvhv zdv uhvwulfwhg wr fhuwdlq jurxsv +fkloguhq/ vwxghqwv xqghu 4</
lqglylgxdov rq orz lqfrph/ dqg xvhuv ri fhuwdlq frpsoh{ ohqvhv,/ dqg sxe0
olf surylvlrq zdv uhsodfhg wkh iroorzlqj |hdu e| yrxfkhuv1 Lq ghqwlvwu|/ iuhh
ghqwdo fkhfn xsv zhuh uhvwulfwhg wr wkh vdph jurxsv lq 4<;<1 Dowkrxjk QKV
wuhdwphqw lv vxssrvhg wr eh dydlodeoh wr doo/ frsd|phqwv +xvhu ihhv, kdyh

6



ulvhq1 Fkdqjhv wr wkh ohyho ri ihhv sdlg wr ghqwlvwv zkr surylgh QKV fduh
kdv ohg wr zlghvsuhdg glvvdwlvidfwlrq dprqjvw ghqwdo fduh surylghuv/ dqg wr
dqhfgrwdo hylghqfh ri d uhgxfwlrq lq wkh ghqwdo vhuylfhv dydlodeoh xqghu wkh
QKV1

Wklv sdshu h{dplqhv wkh xvh ri sulydwh vhuylfhv zkhuh dq QKV dowhuqdwlyh
h{lvwv1 Lq vrph fdvhv wklv QKV dowhuqdwlyh lv iuhh dw srlqw ri ghpdqg1 Lq rwkhu
fdvhv holjlelolw| uxohv phdq fhuwdlq jurxsv duh qrw hqwlwohg wr iuhh QKV fduh
exw QKV surylvlrq/ zlwk frsd|phqw iru wkrvh qrw hqwlwohg wr iuhh fduh/ lv
vxssrvhg wr eh dydlodeoh wr doo1 Wkh sdshu h{dplqhv dq| xvh ri sulydwh fduh
dqg wkhq irfxvhv rq wzr vshfl�f w|shv ri sulydwh khdowk fduh vhuylfh= lqsdwlhqw
krvslwdo fduh dqg ghqwdo fduh1 Sulydwh lqsdwlhqw xvh lv ri lqwhuhvw ehfdxvh QKV
txdolw| phdvxuhv/ sduwlfxoduo| zdlwlqj olvwv/ duh wkrxjkw wr eh lpsruwdqw lq
ghwhuplqlqj xvh/ dqg li wkhuh lv d olqn ehwzhhq wkhvh phdvxuhv dqg sulydwh
khdowk fduh lqvxudqfh lw lv wkurxjk wkh +h{shfwhg, xvh ri sulydwh lqsdwlhqw
vhuylfhv51 Ghqwdo vhuylfhv duh ri lqwhuhvw ehfdxvh dowkrxjk doo lqglylgxdov duh
hqwlwohg wr QKV ghqwdo fduh/ lw lv dujxhg wkh dydlodelolw| ri vxfk fduh lv ehlqj
uhgxfhg e| vxssolhuv zlwkrxw wkh dssurydo ri wkh Ghsduwphqw ri Khdowk1

Wdeoh 4 vkrzv wkh sdwwhuqv lq sulydwh ghpdqg iru wkh gl�huhqw vhuylfhv
iru hdfk ri wkh �uvw �yh |hduv ri wkh vxuyh|1 Dssur{lpdwho| 49 shufhqw ri
lqglylgxdov lq wkh EKSV vdpsoh xvh hlwkhu sulydwh ghqwdo/ h|h/ krvslwdo ru
rxwsdwlhqw vhuylfhv1 Wkh wdeoh lqglfdwhv d jhqhudo ulvh lq sulydwh vhuylfh xvdjh
dfurvv wkh 8 |hduv ri wkh vxuyh|/ zlwk rqo| sulydwh lqsdwlhqw xvh vkrzlqj qr
jurzwk1

6 Wkh ghpdqg iru sulydwh khdowk fduh

614 Wkh hfrqrplf prgho

Jrggdug dqg Vplwk +4<<;, rxwolqh d vlpsoh prgho ri ghpdqg iru phglfdo fduh
zkhuh sxeolf dqg sulydwh fduh h{lvwv1 Wklv fdq eh xvhg wr h{soruh wkh lpsdfw
ri lqfrph/ sulfh dqg txdolw| ri wkh sxeolf dowhuqdwlyh/ dwwlwxghv wr wkh uroh ri
vwdwh lq wkh surylvlrq ri khdowk fduh/ dqg sdvw xvh rq wkh fxuuhqw ghpdqg iru
sulydwh fduh1 Wkh prgho iroorzv Jrggdug hw do +4<<7, lq uhfrjqlvlqj wkdw dq
lqglylgxdo kdv wkuhh glvfuhwh fkrlfhv= wr vhhn qr phglfdo fduh/ wr xvh sulydwh
fduh/ dqg wr xvh sxeolf fduh1 Wkhvh fkrlfhv zloo eh d�hfwhg e| wkh vhyhulw| ri
looqhvv/ wkh frvwv dqg wkh txdolw| ri QKV fduh/ dqg wkh frvwv dqg txdolw| ri
sulydwh fduh1

Iru dq| lqglylgxdo/ lqgh{hg e| �/ ohw T� eh wkh ehqh�w ri sulydwh khdowk
fduh dqg R� eh wkh frvw +uhodwlyh wr lqfrph,1 Wkh h{lvwhqfh ri wkh sxeolf vhfwru

5Sulydwh phglfdo lqvxudqfh sulpdulo| fryhuv lq0 dqg rxw0sdwlhqw krvslwdo vhuylfhv1
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frqvwudlqv wkh vxssolhuv ri sulydwh fduh wr surylglqj d vhuylfh zklfk lv ri dw
ohdvw dv kljk d txdolw| dv wkh sxeolf dowhuqdwlyh= qr rqh zloo ex| wkh vhuylfh
li lw lv ri orzhu txdolw| wkdq wkh sxeolf vhfwru1 Ohw wklv txdolw| gl�huhqfh
eh uhsuhvhqwhg e| d vlqjoh sdudphwhu � 1 Dw lwv vlpsohvw wklv fdq eh zdlwlqj
wlph/ exw pruh jhqhudoo| fdq eh wkrxjkw ri dv hqfrpsdvvlqj rwkhu txdolw|
glphqvlrqv +vxfk dv wkh surylvlrq ri lqirupdwlrq/ ru wkh delolw| wr fkrrvh wkh
h{dfw gdwh dqg orfdwlrq ri wuhdwphqw,1 Lqglylgxdov ydu| lq wkhlu ydoxdwlrq ri
wklv txdolw| e| wkh sdudphwhu }�1 Li � lv wkrxjkw ri dv zdlwlqj wlph/ }� fdq eh
wkrxjkw ri dv wkh udwh dw zklfk wkh ydoxh ri wuhdwphqw ghfd|v ehfdxvh lw lv
uhfhlyhg odwhu udwkhu wkdq vrrqhu +Olqgvd| dqg Ihljhqedxp 4<;7,1 Wkh ydoxh
ri QKV wuhdwphqw iru lqglylgxdo � lv T� i TE�}�� �1 QKV fduh kdv qr gluhfw
prqhwdu| frvw/ exw wkh lqglylgxdo kdv wr dffhvv QKV idflolwlhv1 Ohw wklv frvw
eh S� +uhodwlyh wr lqfrph,1

Idfhg zlwk wkhvh frvwv dqg ehqh�wv/ wkh srwhqwldo xvhu lv lqgl�huhqw eh0
wzhhq sulydwh dqg QKV fduh zkhq

T� � T� i TE�}�� � ' R� � S� +4,

lv lqgl�huhqw ehwzhhq sulydwh fduh dqg qr fduh zkhq

T� ' R� +5,

dqg lv lqgl�huhqw ehwzhhq QKV fduh dqg qr fduh zkhq

T� i TE�}�� � ' S� +6,

Htxdwlrqv +4,/ +5, dqg +6, fdq eh xvhg wr h{dplqh wkh lpsdfw ri fkdqjlqj
sdudphwhuv rq wkh fkrlfh ri wkh wkuhh dowhuqdwlyhv1 Ghfuhdvlqj R� zloo lqfuhdvh
wkh xvh ri wkh sulydwh dowhuqdwlyh dqg ghfuhdvh wkh xvh ri wkh QKV dqg qr
fduh dowhuqdwlyhv1 Ghfuhdvlqj S� zloo lqfuhdvh wkh xvh ri QKV wuhdwphqw dqg
uhgxfh wkh xvh ri sulydwh dqg qr fduh1 Dq lqfuhdvh lq }� zloo lqfuhdvh wkh xvh
ri sulydwh fduh/ uhgxfh wkh xvh ri QKV fduh dqg lqfuhdvh wkh xvh ri qr fduh1
Wkh h�hfw ri dq lqfuhdvh lq � lv wkh vdph1 Dq lqfuhdvh lq T� zloo lqfuhdvh wkh
xvh ri sulydwh fduh dqg QKV fduh1

Wkhvh sdudphwhuv zloo ydu| dfurvv lqglylgxdov1 Wkh ydoxh ri wkh ehqh�wv
ri phglfdo wuhdwphqw T� zloo reylrxvo| eh uhodwhg wr wkh vhyhulw| ri looqhvv1 Lq
dgglwlrq/ dv T� lv wkh shufhlyhg ehqh�w wr wkh ghpdqghu ri fduh/ lw pd| dovr
eh d ixqfwlrq ri wkh lpsruwdqfh ri jrrg khdowk wr wkh lqglylgxdo1 Wklv lv riwhq
dujxhg wr eh srvlwlyho| dvvrfldwhg zlwk hgxfdwlrq1 Zkhuh � lv wkh zdlwlqj
wlph iru QKV wuhdwphqw/ }� lv wkh lqglylgxdo*v glvfrxqw udwh/ ru dowhuqdwlyho|/
wkhlu ydoxdwlrq ri wlph1 Zh fdq h{shfw wklv wr eh d srvlwlyh ixqfwlrq ri lq0
frph/ dqg ri w|sh ri hpsor|phqw1 Iru h{dpsoh/ wkrvh zkr duh vhoi0hpsor|hg

8



duh ohvv olnho| wr jhw sdlg zklovw zdlwlqj iru phglfdo wuhdwphqw61 Pruh jhqhu0
doo|/ zkhuh }� lv wkh ydoxdwlrq ri QKV txdolw|/ zh pljkw h{shfw wklv ydoxdwlrq
wr uh hfw lqglylgxdo*v jhqhudo dwwlwxghv wr wkh QKV1 Iru h{dpsoh/ wkrvh zkr
vwurqjo| ydoxh vwdwh surylvlrq ri khdowk fduh pd| eh pruh wrohudqw ri srruhu
txdolw|1 Wkhq wkrvh zkr krog vxfk dwwlwxghv zloo xvh pruh QKV vhuylfhv iru
d jlyhq ydoxh ri T� dqg � 1

Wkh ydoxh ri R� zloo eh orzhu iru wkrvh lqglylgxdov zkr kdyh phglfdo
lqvxudqfh zklfk fryhuv wkh frvw ri sulydwh fduh/ dqg orzhu iru wkrvh zlwk
kljkhu lqfrph +vlqfh R� lv gh�qhg uhodwlyh wr doo rwkhu jrrgv,1 Vlqfh S� lv wkh
dffhvv frvw wr QKV idflolwlhv lw zloo eh orzhu wkh juhdwhu wkh dydlodelolw| ri
QKV idflolwlhv1

Wkh qdwxuh ri phglfdo fduh phdqv wkhvh sulfhv zloo dovr eh d ixqfwlrq ri
sdvw xvh ri vhuylfhv1 Iluvw/ wkh sulfh ri fduh lq hdfk vhfwru lqfoxghv wkh frvwv ri
vhdufk1 Lq khdowk fduh/ frqvxphuv fdqqrw dozd|v whoo jrrg iurp srru txdolw|1
Dv d uhvxow/ uhjxodwlrq olplwv dgyhuwlvlqj dqg frqvxphuv duh uholdqw rq wkhlu
rzq nqrzohgjh dqg wkdw ri iulhqgv/ uhodwlyhv hwf1 Dv d frqvhtxhqfh/ vhdufk
frvwv iru d vxssolhu ri fduh pd| eh kljk1 Vhfrqg/ lqirupdwlrq dv|pphwulhv
phdq wuxvw lv dq lpsruwdqw frpsrqhqw ri wkh uhodwlrqvkls ehwzhhq vxssolhuv
dqg ghpdqghu ri fduh1 Wklug/ dq lqglylgxdo lqyhvwv h�ruw lq frppxqlfdwlqj
wkhlu phglfdo klvwru| wr d vxssolhu ri khdowk fduh1 Vr rqfh dq lqglylgxdo kdv
irxqg rqh vxssolhu wkh| pd| eh ohvv olnho| wr fkdqjh wr dqrwkhu1 D frqvxphu
zkr kdv xvhg wkh sulydwh vhfwru lq wkh sdvw zloo kdyh orzhu vhdufk frvwv iru
sulydwh vhfwru xvh dqg zloo kdyh pdgh dq lqyhvwphqw zlwk d sulydwh vxssolhu1
Vlploduo|/ d frqvxphu zkr kdv uhfhqwo| xvhg wkh QKV zloo kdyh orzhu QKV
fduh vhdufk frvwv dqg zloo kdyh pdgh dq lqyhvwphqw zlwk dq QKV vxssolhu1
Vr wkh frvwv ri fduh lq hdfk vhfwru duh olnho| wr eh d ixqfwlrq ri sdvw xvh/ dqg
fxuuhqw xvh lv olnho| wr ghshqg xsrq sdvw xvh1

615 Wkh hfrqrphwulf prgho

Dw dq| wlph |/ wkh lqglylgxdo fkrrvhv ehwzhhq sulydwh fduh/ sxeolf fduh dqg
qr fduh1 Vkh wkxv kdv a dowhuqdwlyhv1 Ohw � ' � ghqrwh qr fduh/ � ' 2 ghqrwh
QKV fduh/ dqg � ' � sulydwh fduh1 Iurp wkh hfrqrplf prgho ri htxdwlrqv +4,
wr +6,/ wkh odwhqw qhw ydoxdwlrqv dvvrfldwhg zlwk hdfk dowhuqdwlyh zloo ghshqg
rq wkh fkdudfwhulvwlfv ri wkh lqglylgxdo +khu ydoxdwlrq ri khdowk vwdwhv/ ri
wlph/ ri sulfh hwf1,1 Wkh zhljkw dwwdfkhg wr hdfk fkdudfwhulvwlf zloo ydu| e|
dowhuqdwlyh1 Doorzlqj iru udqgrp huuru/ wkh odwhqw qhw ydoxdwlrqv ri wkh �wk
fkrlfh fdq eh zulwwhq dv=

6W

�� ' q�

�5� n e�� +7,

6Iru dq hpslulfdo hvwlpdwh ri wkh ydoxh ri wlph lq d phglfdo frqwh{w vhh Sursshu +4<<8,1
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zkhuh wkh 5� lv d yhfwru ri dwwulexwhv ri wkh lqglylgxdo +zklfk pd| eh
doorzhg wr ydu| e| dowhuqdwlyh dv zhoo, dqg e�� lv d udqgrp huuru whup71

Li wkh lqglylgxdo lv revhuyhg pdnlqj fkrlfh � zh dvvxph wkdw 6W

�� kdv wkh
kljkhvw qhw ydoxdwlrq1 Wkh vwdwlvwlfdo prgho lv gulyhq e| wkh suredelolw| wkdw
fkrlfh � lv pdgh/ zklfk lv

�hE6W

�� : 6W

&�� iru doo & 9' �

Li wkh "�� duh dvvxphg wr eh l1l1g1 zlwk Zhlexoo glvwulexwlrq wkhq wkh
vwdwlvwlfdo prgho wkdw uhvxowv iru wkh fkrlfh ri dowhuqdwlyh lv wkh pxowlqrpldo
orjlw prgho=

�hE6� ' �� ' eq
�

�5�*
a[

&'�

eq
�

�5� +8,

zkhuh 6� lv wkh revhuyhg fkrlfh ri lqglylgxdo �� Wr hvwlpdwh wkh sdudph0
whuv ri wklv prgho lw lv qhfhvvdu| wr qrupdolvh dqg lpsrvh wkh uhvwulfwlrq wkdw
rqh ri wkh q� ' f� Lq rxu hvwlpdwlrq ri wklv prgho zh lpsrvh wkh uhvwulfwlrq
wkdw q

�
' f�

Iurp wkh glvfxvvlrq deryh/ wkh vshfl�f fkdudfwhulvwlfv wkdw zloo lq xhqfh
wkh fkrlfh wkh lqglylgxdo pdnhv +l1h1 wkh yduldeohv lq 5�, lqfoxgh lqfrph dqg
khdowk vwdwxv/ wkh frvwv ri dffhvvlqj hdfk vhuylfh +zklfk zloo eh d ixqfwlrq ri
wkh frvwv ri sulydwh fduh/ sdvw xvh/ dqg wkh dydlodelolw| ri vhuylfhv, dqg wkh
shufhlyhg txdolw| ri wkh sxeolf vhuylfh +zklfk zloo eh d ixqfwlrq ri zdlwlqj
olvwv dqg srvvleo| dwwlwxghv wr wkh sxeolf vhfwru uroh lq �qdqflqj khdowk fduh,1
Lq dgglwlrq/ zh doorz iru uhjlrqdo h�hfwv1 Vr wkh odwhqw qhw ydoxdwlrq ri
dowhuqdwlyh � zloo ghshqg rq=

6W

�� ' sEf�c 'oc 6��|3�c -( e��� � ' �c 2c � +9,

zkhuh f� lv d vhw ri shuvrqdo dqg krxvhkrog ghprjudsklfv/ vrflr0hfrqrplf
yduldeohv lqfoxglqj lqfrph/ dqg phdvxuhv ri wkh eholhiv lqglylgxdov krog derxw
wkh dssursuldwh uroh iru wkh sulydwh vhfwru lq wkh surylvlrq ri khdowk fduh/ 'o

lv d vhw ri lqglfdwruv ri wkh txdolw| ri QKV surylvlrq lq wkh uhjlrq lq zklfk wkh
lqglylgxdo olyhv/ - d yhfwru ri uhjlrqdo gxpplhv/ 6��|3� lv xvh ri dowhuqdwlyh
� odvw shulrg/ dqg e�� lv zklwh qrlvh huuru1

Lq idfw/ zh revhuyh xvh dw 8 wlph srlqwv dqg ri vhyhudo khdowk vhuylfhv/
ghqrwhg r +wkhvh duh gh�qhg ehorz,1 Vr wkh gdwd shuplw h{dplqdwlrq ri sdvw
xvh ri rqh vhuylfh rq dqrwkhu/ dqg ri sdvw xvh ri rqh dowhuqdwlyh rq dqrwkhu1
Vr lq hvwlpdwlrq/ wkh vhw ri yduldeohv lq +9, duh h{sdqghg wr lqfoxgh wkhvh

7Wklv prgho lv ri wkh irup ri wkh prgho ri rffxsdwlrqdo fkrlfh ri Vfkplgw dqg Vwudxvv
+4<:8,1

:



*furvv0vhuylfh* h�hfwv dqg *furvv0dowhuqdwlyh* h�hfwv1 Zh dovr doorz iru wlph
h�hfwv1 Vr wkh odwhqw xwlolw| iru dowhuqdwlyh � ri vhuylfh r lv=

6rW
��| ' q

f
f�|nq

�
'o|nq

2
6��|3�nq

�
6���|3�nq

e
-nq

D
Ane��|c � ' �c 2c � +:,

zkhuh6��|3� dqg6���|3� duh qrz yhfwruv ri sdvw vhuylfh xvh/ � � lqgh{hv wkh
rwkhu dowhuqdwlyhv/ A lv d yhfwru ri wlph gxpplhv/ dqg e��| lv zklwh qrlvh hu0
uru81 Iurp +8, wkh sdudphwhu hvwlpdwhv zloo gl�hu dfurvv wkh wzr dowhuqdwlyhv
exw iru vlpsolflw| ri qrwdwlrq zh kdyh gursshg wkh vxevfulswv rq wkhvh1 Dv
zh lpsrvh wkh uhvwulfwlrq wkdw wkh sdudphwhu hvwlpdwhv duh 3 iru dowhuqdwlyh
4 +qr fduh, zh rqo| hvwlpdwh wkh sdudphwhuv iru dowhuqdwlyhv 5 dqg 61

616 Wkh gdwd

Iurp wkh EKSV gdwd zh gh�qh wkh xvh ri wkuhh vhuylfhv ru vhw ri vhuylfhv1
Wkh �uvw vhw ri vhuylfhv lv gh�qhg dv xvh ri dq| ri wkh vhuylfhv jlyhq lq Wdeoh
4 +ghqwdo fduh/ h|h fduh/ lqsdwlhqw vwd|v/ fhuwdlq frppxqlw| vhuylfhv9,1 Li
wkh uhvsrqghqw xvhg dq| ri wkhvh vhuylfhv lq |hdu | dqg dq| ri khu xvh zdv
sulydwh vkh lv uhfrughg dv kdylqj srvlwlyh sulydwh xvh lq |hdu |1 Li vkh xvhg
dq| ri wkhvh vhuylfhv dqg qrqh ri khu xvh zdv sulydwh vkh lv uhfrughg dv kdylqj
srvlwlyh QKV xvh lq |hdu |1 Wkh vhfrqg vhuylfh lv dq lqsdwlhqw krvslwdo vwd|1
Li wklv vwd| lv sulydwho| sdlg iru wkh uhvsrqghqw lv uhfrughg dv kdylqj d sulydwh
vwd|1 Li wkh vwd| lv qrw sulydwho| sdlg iru wkhq vkh lv uhfrughg dv dq QKV xvhu1
Wkh wklug vhuylfh lv ghqwdo fduh/ zkhuh li wkh uhvsrqghqw kdv ghqwdo fduh dqg
dq| ri wkdw fduh lv sulydwh/ vkh lv uhfrughg dv kdylqj sulydwh ghqwdo fduh1 Li
vkh kdv vrph ghqwdo fduh dqg qrqh ri lw lv sulydwh vkh lv uhfrughg dv kdylqj
QKV ghqwdo fduh:1

Lq dgglwlrq wr phdvxuhv ri khdowk vhuylfh xvh dqg vwdqgdug vrflr0hfrqrplf
dqg ghprjudsklf gdwd iru hdfk lqglylgxdo lq wkh krxvhkrog/ wkh EKSV lq0
foxghv phdvxuhv ri fxuuhqw vhoi0dvvhvvhg khdowk vwdwxv/ dqg ghwdlohg phdvxuhv
ri orqjhu whup khdowk vwdwxv1 Lqglylgxdov duh dvnhg zkhwkhu wkh| duh olplwhg
lq wkhlu gdlo| dfwlylwlhv lqfoxglqj zrun dqg ohlvxuh +DGOv,1 Li wkh| kdyh dq|

8Wkh PQO prgho lpsrvhv wkh dvvxpswlrq ri lqghshqghqfh ri wkh huuruv dfurvv rswlrqv1
Zkloh wklv lv dq xqdwwudfwlyh ihdwxuh ri wkh prgho/ wkh ulfk vhw ri uhjuhvvru yduldeohv vkrxog
uhgxfh fruuhodwlrq ehwzhhq wkh huuruv1

9Wkhvh frppxqlw| vhuylfhv duh doo vhuylfhv iru zklfk QKV surylvlrq h{lvwv1 Wkh EKSV
uhfrugv xvh ri rwkhu sulydwh vhuylfhv iru zklfk wkhlu lv qr QKV dowhuqdwlyh1 Dv zh duh
lqwhuhvwhg lq wkh fkrlfh ehwzhhq qr xvh/ QKV xvh dqg sulydwh xvh/ zh gr qrw h{dplqh
wkhvh vhuylfhv1

:Wklv frglqj jlyhv wkh eurdghvw gh�qlwlrq ri sulydwh xvh/ zklfk �wv rxu lqwhuhvw lq dq|
xvh ri wkh sulydwh vhfwru1

;



olplwdwlrqv wkh| duh dvnhg zkhwkhu wkhvh olplw wkhlu delolw| wr zrun1 Wkh|
duh dovr dvnhg zkdw vshfl�f olplwdwlrqv2frqglwlrqv wkh| kdyh1 Wkh gdwd dovr
uhfrug zkhwkhu wkh lqglylgxdo lv d vprnhu/ dqg li wkh dqvzhu lv srvlwlyh wkh
qxpehu ri fljduhwwhv frqvxphg shu gd|1 Hduolhu uhvhdufk rq wkh ghpdqg iru
sulydwh khdowk fduh lq wkh XN kdv hlwkhu xvhg qr phdvxuhv ri khdowk vwdwxv
+Ehvoh| hw do 4<<9,/ ru udwkhu pruh olplwhg phdvxuhv +Sursshu 4<<6,1 E|
xvlqj EKSV gdwd zh duh deoh wr frqwuro iru d odujh qxpehu ri phdvxuhv ri
khdowk vwdwxv1 Lq dgglwlrq/ e| frqglwlrqlqj rq khdowk vwdwxv/ zh duh deoh
wr uhgxfh wkh srwhqwldo frqwdplqdwlrq ri wkh lqfrph frh!flhqw zklfk dulvhv
iurp wkh fruuhodwlrq ehwzhhq khdowk dqg lqfrph1 Wr wkhvh gdwd zh pdwfk
uhjlrqdo lqglfdwruv ri wkh txdolw| ri wkh QKV1 Wkhvh duh wkh ohqjwk ri QKV
zdlwlqj olvwv ryhu 45 prqwkv dqg xqghu 45 prqwkv gh dwhg e| wkh uhjlrqdo
srsxodwlrq +uhohydqw iru lqsdwlhqw fduh,/ dqg dq lqgh{ ri ghqwdo vhuylfh dydlo0
delolw| iru ghqwdo fduh;1 Zh gr qrw revhuyh wkh sulfhv sdlg e| lqglylgxdov lq
rxu gdwd vr gr qrw h{dplqh wkh lpsdfw ri sulfh<1 Dv sulfh dw srlqw ri xvh iru
krvslwdo lqsdwlhqw vhuylfhv zloo ghshqg rq lqvxudqfh fryhudjh/ exw wkh EKSV
grhv qrw uhfrug sulydwh lqvxudqfh fryhu/ zh lqfoxgh rffxsdwlrqdo gxpplhv dv
lqvwuxphqwv iru frusrudwh fryhu431

7 Wkh ghwhuplqdqwv ri sulydwh/ QKV dqg qr
ghpdqg

Zh hvwlpdwh d pxowlqrpldo orjlw +PQO, prgho ri wkh xvh ri sxeolf dqg sul0
ydwh fduh1 Wdeoh 5 suhvhqwv wkh hvwlpdwhv ri wkh prgho zkhuh wkh rplwwhg
dowhuqdwlyh lv qr fduh1 Wkh wdeoh suhvhqwv vhsdudwh uhvxowv iru wkh wkuhh vhwv
ri vhuylfhv gh�qhg deryh1 Lqwhusuhwdwlrq ri wkh sdudphwhuv lq dq PQO prgho
lv qrw vwudljkwiruzdug/ vr lqvwhdg ri frh!flhqw hvwlpdwhv wkh wdeoh jlyhv wkh
hvwlpdwhg pdujlqdo h�hfw ri yduldeoh %� rq fkrlfh ri dowhuqdwlyh �44� Wkh lqwhu0
suhwdwlrq ri wkh pdujlqdo h�hfw lv wkh lpsdfw ri d xqlw fkdqjh ri wkh yduldeoh
%� rq wkh fkrlfh ri dowhuqdwlyh �� Wdeoh 5 suhvhqwv wkh pdujlqdo h�hfwv iru
wkh fkrlfh ri wkh sulydwh dqg wkh QKV dowhuqdwlyhv1 Wr vkrz zklfk yduldeohv

;Wkhvh phdvxuhv dqg wkh lvvxhv ri srvvleoh hqgrjhqhlw| duh suhvhqwhg pruh ixoo| lq
Sursshu +4<<;,1

<D phdvxuh ri wkh sulfh ri lqsdwlhqw phglfdo fduh lv dyhudjh dqqxdo sulydwh lqvxudqfh
suhpld1 Wklv ydulhv e| |hdu exw qrw e| uhjlrq1 Wklv phdvxuh zdv xvhg lq lqlwldo hvwlpdwhv/
exw kdg d vpdoo dqg lqvljql�fdqw frh!flhqw hvwlpdwh dqg wkhuhiruh zdv gursshg iurp
vxevhtxhqw dqdo|vlv1

43Ehvoh| hw do +4<<9, irxqg wkdw frusrudwh khdowk lqvxudqfh fryhu ydulhv e| rffxsdwlrq1
44Wkh hvwlpdwhg pdujlqdo h�hfwv duh �sm@�{l= Wkh uhodwlrqvkls wr wkh hvwlpdwhg �m lv

�sm@�{ @ sm+�m �
S

sm�m, zklfk ghshqgv rq wkh hvwlpdwhg sdudphwhuv iru doo wkh rswlrqv1
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kdyh frh!flhqwv zklfk duh vljql�fdqwo| gl�huhqw iurp f/ wkh }0vwdwlvwlfv iru
wkh frh!flhqw hvwlpdwhv duh suhvhqwhg dv zhoo1

Lq jhqhudo wkh frh!flhqwv duh zhoo gh�qhg dqg lqglfdwh vljql�fdqw gl�hu0
hqfhv ehwzhhq xvhuv ri wkh gl�huhqw dowhuqdwlyhv1 Wkh uhvxowv iru wkh xvh ri
dq| fduh vkrz wkdw xvhuv ri sulydwh fduh dqg xvhuv ri QKV fduh vkduh vrph
ghprjudsklf fkdudfwhulvwlfv1 Zrphq duh pruh olnho| wr ghpdqg fduh lq hl0
wkhu vhfwru wkdq phq/ wkrxjk wkh orj0rggv ri sulydwh xvh frpsduhg wr QKV
xvh lv orzhu iru zrphq1 Wkhuh lv vrph lqglfdwlrq wkdw xvhuv ri khdowk fduh
vhuylfhv lq hlwkhu vhfwru udwh wkhlu khdowk dv ehwwhu khdowk wkdq wkh qrq0xvhuv
ri vhuylfhv1 Lqglylgxdov zkr vprnh pruh/ frqglwlrqdo rq ehlqj vprnhuv/ duh
ohvv olnho| wr xvh hlwkhu QKV ru sulydwh vhuylfhv1 Wkhvh khdowk vwdwxv uh0
vxowv shukdsv uh hfwv wkh idfw wkdw wkh dq| vhuylfh vhw lqfoxghv suhyhqwdwlyh
vhuylfhv1 Hgxfdwlrqdo dwwdlqphqw lv srvlwlyho| dvvrfldwhg zlwk xvh ri erwk
vhfwruv/ wkrxjk wkh pdjqlwxgh ri wkh hvwlpdwhg pdujlqdo h�hfwv lv odujhu iru
wkh sulydwh dowhuqdwlyh1 Suhylrxv dqdo|vhv ri QKV xvh kdyh irxqg d srvl0
wlyh dvvrfldwlrq ehwzhhq QKV xvh dqg hgxfdwlrq +vrphwlphv dujxhg wr eh
hylghqfh ri plggoh fodvv fdswxuh ri wkh zhoiduh vwdwh,1

Rq wkh rwkhu kdqg/ wkhuh duh fohdu gl�huhqfhv/ lq wkh h{shfwhg gluhfwlrq/
lq wkh vrflr0hfrqrplf fkdudfwhulvwlfv ri wkh xvhuv ri wkh wzr vhfwruv1 Sulydwh
xvhuv duh ohvv olnho| wr olyh lq vrfldo uhqwhg krxvlqj/ dqg QKV khdowk fduh
xvhuv duh pruh olnho| wr gr vr1 Ehlqj hpsor|hg lv qhjdwlyho| dvvrfldwhg zlwk
xvh ri sxeolf fduh/ exw srvlwlyho| dvvrfldwhg zlwk xvh ri sulydwh fduh1 Lqfrph
lv pruh khdylo| dvvrfldwhg zlwk xvh ri wkh sulydwh vhfwru wkdq xvh ri wkh QKV1
Lqglylgxdov zkr uhsruw wkdw wkh| duh olplwhg lq wkhlu gdlo| dfwlylwlhv duh ohvv
olnho| wr xvh dq| sulydwh khdowk vhuylfhv wkdq wr xvh wkh QKV1

Wkhuh dovr dsshduv wr eh d fohdu dvvrfldwlrq ehwzhhq sulydwh xvh dqg sr0
olwlfdo dwwlwxghv1 Ehlqj d Frqvhuydwlyh vxssruwhu lv dvvrfldwhg srvlwlyho| zlwk
sulydwh vhfwru xvh dqg qhjdwlyho| zlwk QKV xvh1 Xvhuv ri QKV vhuylfhv duh
voljkwo| pruh sur0iuhh fduh wkdq qrq xvhuv/ exw sulydwh xvhuv duh vljql�fdqwo|
ohvv vxssruwlyh ri wkh sulqflsohv ri wkh QKV1 Lw lv srvvleoh wkdw wkhvh dwwlwxgh
phdvxuhv duh hqgrjhqrxv= lqglylgxdov zkr xvh sulydwh vhuylfhv mxvwli| wkhlu
xvh e| kroglqj uhodwlyho| *dqwl* QKV ylhzv1 Zh lqyhvwljdwh wkh hqgrjhqhlw|
ri wkhvh yduldeohv hovhzkhuh +Exufkdugw dqg Sursshu iruwkfrplqj,/ dqg �qg
wkdw zkloh sulydwh xvhuv krog ohvv srvlwlyh dwwlwxghv wr wkh QKV/ wkhuh lv qr
fohdu hylghqfh wkdw sulydwh vhfwru xvh ohdgv wr ohvv vxssruw iru wkh QKV wkdq
grhv QKV xvh1

Lw lv srvvleoh dovr wkdw wkhvh dwwlwxglqdo yduldeohv duh fruuhodwhg zlwk wkh
uhjuhvvruv dqg zlwk wkh huuru whupv/ exw sod| qr fdvxdo uroh lq khdowk fduh
ghflvlrqv1 Wr lqyhvwljdwh wklv/ wkh prgho zdv uh0hvwlpdwhg frqvwudlqlqj wkh
frh!flhqwv rq wkh sduw| vxssruw dqg dwwlwxglqdo yduldeohv wr eh f1 Wkh
frh!flhqw hvwlpdwhv rq wkh rwkhu yduldeohv fkdqjhg yhu| olwwoh dqg qrqh ri
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wkh fkdqjhv zhuh vwdwlvwlfdoo| vljql�fdqw451 Zh wkhuhiruh frqfoxgh wkdw wkh
uhvxowv duh urexvw wr lqfoxvlrq ri wkh dwwlwxglqdo yduldeohv/ dqg wkdw wkhvh
yduldeohv sod| dq lqghshqghqw uroh lq wkh fkrlfh ri dowhuqdwlyh1

Wkhuh dsshduv wr eh qr fohdu dvvrfldwlrq ehwzhhq wkh ohqjwk ri hlwkhu
zdlwlqj olvwv xqghu d |hdu ru ryhu d |hdu dqg xvh ri hlwkhu dowhuqdwlyh1 Wkh
frh!flhqw hvwlpdwhv ri wkhvh yduldeohv zhuh qrw vljql�fdqwo| gl�huhqw iurp
}hur dw frqyhqwlrqdo ohyhov1 Wkhuhiruh wkh pdujlqdo h�hfwv ri wkhvh yduldeohv
duh qrw suhvhqwhg1

Wkh hvwlpdwhv iru lqsdwlhqw dqg ghqwdo vhuylfh xvh lqglfdwh ghprjudsklf
gl�huhqfhv ehwzhhq xvhuv dqg qrq0xvhuv ri wkhvh vhuylfhv1 Wkhvh/ lq sduw/
uh hfw wkh w|sh ri vhuylfh1 Iru h{dpsoh/ wkh ghpdqghuv ri ghqwdo fduh lq
hlwkhu vhfwru duh |rxqjhu zklfk pd| uh hfw wkh idfw wkdw ghqwdo fduh lv lq
sduw suhyhqwdwlyh dqg wkrvh zkr duh |rxqjhu shufhlyh pruh ehqh�w iurp vxfk
fduh1 Exw wkhuh duh dovr fohdu vrflr0hfrqrplf gl�huhqfhv ehwzhhq wkh xvhuv
ri sulydwh dqg QKV fduh iru wkhvh wzr vhuylfhv1 QKV lqsdwlhqw xvhuv duh ohvv
olnho| wr eh hpsor|hg dqg duh pruh olnho| wr olyh lq vrfldo uhqwhg krxvlqj wkdq
hlwkhu qrq0xvhuv ru sulydwh xvhuv1 QKV ghqwdo vhuylfh xvhuv duh srruhu dqg ohvv
olnho| wr eh hpsor|hg/ uh hfwlqj wkh holjlelolw| uhtxluhphqwv iru iuhh ghqwdo
fkhfn0xsv1 Lq whupv ri srolwlfdo dwwlwxghv/ sulydwh lqsdwlhqw xvhuv duh ohvv
vxssruwlyh ri wkh htxlw| sulqflsohv ri wkh QKV wkdq hlwkhu QKV xvhuv ru qrq0
xvhuv1 Iru ghqwdo vhuylfhv/ Frqvhuydwlyh sduw| vxssruw lv srvlwlyho| dvvrfldwhg
zlwk sulydwh xvh dqg qhjdwlyho| dvvrfldwhg zlwk QKV xvh1 Krzhyhu/ erwk
QKV dqg sulydwh xvhuv ri ghqwdo vhuylfhv duh ohvv vxssruwlyh ri wkh htxlw|
sulqflsohv ri wkh QKV wkdq duh qrq0xvhuv1 Wklv shukdsv uh hfwv wkh idfw wkdw
xvhuv ri ghqwdo vhuylfhv/ zkhwkhu sxeolf ru sulydwh/ pdnh vrph sd|phqw dqg
vr duh pruh xvhg wr sd|lqj iru fduh wkdq qrq0xvhuv ri ghqwdo vhuylfhv1

Wkh uhvxowv dovr lqglfdwh d vwurqj dvvrfldwlrq ehwzhhq odjjhg dqg fxuuhqw
xvh1 Zh frqwuro iru khdowk vwdwxv/ vr wklv lv qrw gxh wr revhuyhg gl�huhqfhv
lq khdowk vwdwxv1 Iru dq| vhuylfh xvh/ QKV0rqo| xvh lv dvvrfldwhg srvlwlyho|
zlwk xvh odvw |hdu ri hlwkhu vhfwru1 Sulydwh xvh lv qhjdwlyho| dvvrfldwhg zlwk
xvh odvw |hdu ri QKV vhuylfhv exw srvlwlyho| dvvrfldwhg zlwk odjjhg xvh ri
sulydwh vhuylfhv1 Ixuwkhu/ wkh hvwlpdwhg h�hfw ri sdvw xvh ri vhuylfhv lq wkh
vdph vhfwru +wkh *vdph0vhfwru* h�hfw, lv vxevwdqwldo odujhu wkdq wkh hvwlpdwhg
h�hfw ri sdvw xvh ri vhuylfhv lq wkh rwkhu vhfwru +wkh *furvv0 vhfwru* h�hfw,1 Iru
h{dpsoh/ wkh pdujlqdo h�hfw ri odjjhg xvh ri QKV0rqo| vhuylfhv rq fxuuhqw
xvh ri QKV vhuylfhv lv f�� zkloh wkh h�hfw ri odjjhg xvh ri QKV0rqo| vhuylfhv
rq fxuuhqw xvh ri wkh sulydwh vhfwru lv ��f�D1 Wkh *vdph0* dqg *furvv0vhfwru*
h�hfwv iru odjjhg sulydwh fduh duh f�2e dqg f�f2 uhvshfwlyho|1

Wkh lqsdwlhqw dqg ghqwdo hvwlpdwhv vkrz udwkhu gl�huhqw *vdph0* dqg

45Wkhvh dqg rwkhu uhvxowv qrw suhvhqwhg khuh duh dydlodeoh iurp wkh dxwkru1
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*furvv0vhfwru* h�hfwv1 Iru lqsdwlhqw vhuylfhv/ rqo| odjjhg *vdph0vhfwru* xvh
lv dvvrfldwhg zlwk fxuuhqw xvh1 Wkh vpdoo vl}h ri wkh hvwlpdwhg pdujlqdo
h�hfw uh hfwv wkh lqiuhtxhqf| ri xvh ri lqsdwlhqw vhuylfhv1 Lq frqwudvw/ iru
ghqwdo vhuylfhv/ wkh pdujlqdo h�hfwv ri odjjhg xvh ri erwk QKV dqg sulydwh
fduh duh srvlwlyho| dvvrfldwhg zlwk fxuuhqw QKV dqg fxuuhqw sulydwh vhfwru
xvh1 Wklv lv shukdsv lqglfdwlrq wkdw lqglylgxdov pryh ehwzhhq sxeolf dqg
sulydwh fduh zkhq wkh frvw gl�huhqfh ehwzhhq sxeolf dqg sulydwh wuhdwphqw
lv qrw qhfhvvdulo| odujh dqg zkhq ghqwdo lqvxudqfh lv qrw zlgho| dydlodeoh +dv
gxulqj wkh shulrg fryhuhg e| wkhvh gdwd,1

Exw hyhq iru ghqwdo fduh wkh lpsdfw ri odjjhg *rzq0vhfwru* xvh lv frqvlg0
hudeo| kljkhu wkdq wkdw ri odjjhg *furvv0vhfwru* xvh1 Wkh hvwlpdwhg pdujlqdo
lpsdfw ri sdvw QKV ghqwdo xvh rq fxuuhqw QKV ghqwdo xvh lv f��Sc zkloh wkh
pdujlqdo h�hfw ri sdvw sulydwh ghqwdo xvh rq fxuuhqw QKV xvh lv rqo| f��fD1
Vlplodu gl�huhqfhv lq wkh hvwlpdwhg pdujlqdo h�hfwv ri odjjhg xvh fdq eh vhhq
iru fxuuhqw sulydwh vhfwru xvh1 Wkhvh uhvxowv lqglfdwh wkdw wkhuh lv d whqghqf|
iru lqglylgxdov wr uh0xvh wkh vhfwru wkh| xvhg odvw wlph461

Wkhvh PQO hvwlpdwhv surylgh eurdg vxssruw iru wkh prgho ri Vhfwlrq 61
Wkrvh zkr ydoxh wkhlu khdowk fduh pruh kljko|/ dv phdvxuhg e| hgxfdwlrq/
xvh pruh vhuylfhv1 Wkrvh zlwk d kljkhu frvwv ri zdlwlqj wlph +l1h1 d kljkhu
}�, 0 wkh hpsor|hg dqg wkrvh zlwk kljkhu lqfrphv 0 xvh pruh sulydwh vhuylfhv1
Li wkh sdudphwhu � lv lqwhusuhwhg pruh eurdgo| dv QKV txdolw|/ lqglylgxdov
zlwk d kljkhu }� 0 dv phdvxuhg e| srolwlfdo dwwlwxghv 0 whqg wr eh kljkhu xvhuv
ri sulydwh vhuylfhv1 Wkhuh dsshduv wr eh qr gluhfw lpsdfw ri wkh phdvxuhv ri
QKV txdolw| xvhg khuh1 Li sdvw xvh lv wdnhq dv d phdvxuh ri +orzhu, vhdufk
frvwv/ wkrvh iru zkrp wkh uhodwlyh sulfh ri sulydwh vhuylfhv lv orzhu whqg wr
xvh pruh sulydwh vhuylfhv dqg wkrvh iru zkrp wkh sulfh ri QKV vhuylfhv lv
orzhu whqg wr xvh pruh QKV vhuylfhv1

Wkh lpsruwdqfh ri wkh odjjhg h�hfwv phulwv ixuwkhu h{sorudwlrq1 Wkh gdwd
phdqv lw lv srvvleoh wr hvwlpdwh qrw rqo| wkh h�hfw ri xvh ri vhuylfh r dw |� �
rq vhuylfh r dw |/ exw dovr wr h{dplqh wkh xvh ri rwkhu vhuylfhv/ ghqrwhg r�c
dw |� � rq xvh ri vhuylfh r dw |1 Wdeoh 6 suhvhqwv hvwlpdwhv ri wkhvh pdujlqdo
h�hfwv1 Wkh hvwlpdwhg prgho lv wkh PQO prgho ri Wdeoh 5 zkhuh odjjhg sdvw
vhuylfh xvh lv glvdjjuhjdwhg lqwr xvh ri 7 vshfl�f vhuylfhv1 Wkhvh duh ghqwdo
fduh/ h|h fduh/ lqsdwlhqw vwd|v/ dqg d jurxs ri frppxqlw|0edvhg vhuylfhv1
Rqo| wkh hvwlpdwhv ri wkhvh odjjhg xvh yduldeohv duh suhvhqwhg1 Wkh rwkhu
frh!flhqw hvwlpdwhv dqg pdujlqdo h�hfwv duh yhu| vlplodu wr wkrvh lq Wdeoh
51

46*Vxssolhu0lqgxfhg ghpdqg*/ zkhuh QKV ghqwlvwv hqfrxudjh sdwlhqwv wr *jr sulydwh*
zrxog vxjjhvw wkdw wkh h�hfw ri odjjhg sxeolf xvh rq fxuuhqw sulydwh xvh vkrxog eh odujhu
wkdq wkh lpsdfw ri odjjhg sulydwh xvh rq fxuuhqw QKV xvh1 Wkhvh hvwlpdwhv gr qrw vxssruw
wklv lghd1

45



Wkh uhvxowv vkrz wkdw xvh ri d vhuylfh lq rqh vhfwru lv lq doprvw doo fdvhv
vljql�fdqwo| dvvrfldwhg zlwk xvh ri wkh vdph vhuylfh d |hdu odwhu lq wkh vdph
vhfwru1 Lw lv dovr riwhq dvvrfldwhg zlwk xvh ri wkh vdph vhuylfh d |hdu odwhu
lq wkh rwkhu vhfwru1 Exw wkhvh odwwhu *furvv0vhfwru* h�hfwv duh dozd|v vpdoohu
wkdq wkh *rzq0vhfwru* h�hfwv1 Lq rwkhu zrugv/ zkloh lqglylgxdov gr fkdqjh
vhfwru ehwzhhq |hduv/ wkh| duh pruh olnho| wr xvh wkh vdph vhfwru djdlq qh{w
|hdu udwkhu wkdq fkdqjh1

Iru lqsdwlhqw vhuylfhv/ wkhuh lv d srvlwlyh lpsdfw ri odjjhg xvh lq rqh vhfwru
rq fxuuhqw xvh lq wkh vdph vhfwru1 Wkhvh *rzq0vhfwru* h�hfwv duh jhqhudoo|
vljql�fdqw exw duh vpdoo1 Wkhuh lv olwwoh dvvrfldwlrq ehwzhhq dq lqsdwlhqw vwd|
dqg rwkhu vhuylfh xvh zklfk jlyhq wkh orz suredelolw| ri dq lqsdwlhqw hyhqw lv
qrw vxusulvlqj Wkh *furvv0vhfwru* h�hfwv duh pxfk vpdoohu wkdq iru wkh rwkhu
vhuylfhv dqg lq prvw fdvhv wkh frh!flhqwv iurp zklfk wkh pdujlqdo h�hfwv duh
ghulyhg duh qrw zhoo gh�qhg1 Wkhuh lv dq lqwhuhvwlqj h{fhswlrq wr wklv zklfk
lv wkh srvlwlyh dvvrfldwlrq ehwzhhq odjjhg sulydwh xvh ri frppxqlw| vhuylfhv
dqg fxuuhqw QKV lqsdwlhqw xvh1 Wklv shukdsv lqglfdwhv d odfn ri dydlodelolw|
ri QKV frppxqlw| edvhg vhuylfhv1

Wkh sdwwhuqv ri dvvrfldwlrq zlwk fxuuhqw ghqwdo vhuylfh xvh dovr surylgh
hylghqfh ri olqnhg xvh zlwklq rqh vhfwru ryhu wlph1 QKV ghqwdo xvh lv dvvr0
fldwhg zlwk odjjhg xvh ri erwk QKV ghqwdo dqg QKV h|h vhuylfhv1 Sulydwh
ghqwdo vhuylfh xvh lv dvvrfldwhg zlwk odjjhg xvh ri wkuhh ri wkh irxu sulydwh
vhuylfhv1 Wkh hvwlpdwhv dovr vkrz wkh furvv0vhfwru dvvrfldwlrq ri xvh lq ghqwdo
vhuylfhv vhhq lq Wdeoh 5= odjjhg sulydwh xvh lv dvvrfldwhg zlwk fxuuhqw QKV
xvh dqg odjjhg QKV xvh lv dvvrfldwhg zlwk fxuuhqw sulydwh xvh1

8 Ixuwkhu lqyhvwljdwlrq ri g|qdplfv
Wkh uhvxowv lqglfdwh d vwurqj dvvrfldwlrq ehwzhhq sdvw dqg fxuuhqw xvh1 Li
sdvw xvh grhv ghwhuplqh suhvhqw xvh/ frqglwlrqdo rq lqfrph dqg khdowk vwdwxv/
wklv kdv lpsruwdqw lpsolfdwlrqv iru wkh hyroxwlrq ri xvh ri wkh sulydwh vhfwru
ryhu wlph1 Vr dv wkh gdwd lv d sdqho/ zh xvh lw wr h{dplqh zkhwkhu wkh lpsdfw
ri sdvw xvh lv urexvw wr lqfoxvlrq ri lqglylgxdo h�hfwv1

Wr gr wklv zh irfxv rq sulydwh xvh rqo|1 Zh frpelqh QKV dqg qr xvh
lqwr rqh fdwhjru|1 Iru hdfk ri wkh 8 |hduv ri gdwd dqg iru hdfk vhuylfh/ zh
revhuyh d elqdu| lqglfdwru ri zkhwkhu wkh lqglylgxdo kdv xvhg sulydwh khdowk
fduh=

?r
�| ' UE?rW

�| : f�

zkhuh U E�� lv wkh lqglfdwru ixqfwlrq wdnlqj ydoxh 4 li wkh h{suhvvlrq lq sduhq0
wkhvhv lv wuxh dqg 3 rwkhuzlvh/ ?rW

�| lv wkh odwhqw ghpdqg iru sulydwh khdowk
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fduh/ � lqgh{hv wkh lqglylgxdo/ | wlph/ dqg r wkh vhuylfh gh�qhg dv deryh1
Zh wkhuhiruh hvwlpdwh d prgho zlwk rqh huuru/ zkhuh wkdw huuru fdq eh lq0
whusuhwhg dv wkh surshqvlw| wr fkrrvh sulydwh fduh1 Lq whupv ri wkh odwhqw
lqgluhfw xwlolwlhv ri wkh prgho rxwolqhg deryh/ zh frpelqh wkh huuru whupv iru
dowhuqdwlyhv 5 dqg 4471 Zh wkhuhiruh fdqqrw uhfryhu wkh vhsdudwh sdudphwhu
hvwlpdwhv ri wkh 6 dowhuqdwlyh prgho481 Zkloh wkh sdudphwhu hvwlpdwhv zloo
qrw eh wkh vdph dv wkrvh ri wkh pxowlqrpldo orjlw prgho/ wkh odwhqw xwlolw| ri
sulydwh fduh zloo djdlq eh d ixqfwlrq ri wkh doo wkh sdudphwhuv ri wkh hfrqrplf
prgho1 Lq dgglwlrq zh fdq doorz iru lqglylgxdo h�hfwv/ vr wkh odwhqw xwlolw| ri
sulydwh fduh lv prghoohg dv=
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zkhuh ?�|3� lv sdvw sulydwh vhuylfh xvh/ �� lv dq lqglylgxdo h�hfw/ 0�| lv
zklwh qrlvh/ dqg doo rwkhu yduldeohv duh gh�qhg dv deryh1

Zh hvwlpdwh +;, dv d udqgrp h�hfwv surelw prgho/ lqfoxglqj wkh odjjhg gh0
shqghqw yduldeoh dv d uhjuhvvru1 Lq d g|qdplf sdqho prgho zkhuh wkh qxpehu
ri wlph shulrgv lv vkruw/ fruuhodwlrq ehwzhhq wkh udqgrp h�hfwv whup dqg wkh
lqlwldo revhuydwlrq ri wkh ghshqghqw yduldeoh +wkh vr0fdoohg lqlwldo frqglwlrqv
sureohp, uhqghuv udqgrp h�hfwv PO hvwlpdwlrq ri wkh sdudphwhuv ri lqwhuhvw
lqfrqvlvwhqw li wkh lqlwldo frqglwlrqv sureohp lv ljqruhg +Kvldr 4<;9,1 Wr ryhu0
frph wklv sureohp zh xvh d phwkrg vxjjhvwhg e| Ruph +4<<:,/ dq rxwolqh ri
zklfk lv jlyhq lq wkh Dsshqgl{1 Wkh dssurdfk lv wr dxjphqw wkh prgho ri
lqwhuhvw zlwk dq hvwlpdwhg whup zklfk fruuhfwv iru wkh fruuhodwlrq ehwzhhq
wkh lqlwldo revhuydwlrq ri wkh ghshqghqw yduldeoh E?�f� dqg wkh udqgrp huuru
E���1 Ruph vxjjhvwv wkdw wklv zloo doorz hvwlpdwlrq ri wklv fruuhodwlrq/ dqg
zkhuh wklv lv qrw wrr kljk/ wkh whfkqltxh zloo |lhog dghtxdwh lqihuhqfhv iru
wkh sdudphwhuv ri lqwhuhvw1

Wr hvwlpdwh wkh fruuhfwlrq whup uhtxluhv wkdw wkh yduldeohv zklfk ghwhu0
plqh wkh lqlwldo revhuydwlrq ri sulydwh ghpdqg wr eh h{rjhqrxv1 Wr hvwlpdwh
wkh lqlwldo revhuydwlrq zh xvh sduhqwdo vrflr0hfrqrplf vwdwxv/ djh dqg jhq0
ghu/ xvlqj wkh dujxphqw wkdw sduhqwdo vrflr0hfrqrplf vwdwxv d�hfwv wkh lqlwldo
ohyho ri sulydwh ghpdqg/ exw qrw vxevhtxhqw fkdqjhv1 Wkh hvwlpdwhv lqglfdwh
wkdw lqlwldo ghpdqg +wkh 4<<324 EKSV revhuydwlrq, lv vljql�fdqwo| dvvrfldwhg
zlwk wkhvh yduldeohv1

47Dv wkh huuruv duh lqghshqghqw wkh| fdq eh dgghg1
48Li wkh ghwhuplqdqwv ri wkh lqgluhfw xwlolw| ri wkh wkuhh rswlrqv gl�huhg/ lw zrxog eh

srvvleoh wr uhfryhu wkh sdudphwhuv ri hdfk ri wkh wkuhh rswlrqv iurp d elqdu| rxwfrph
e| hvwlpdwlqj d prgho zlwk sduwldo revhuydelolw|1 Krzhyhu/ wkh hfrqrplf prgho lqglfdwhv
wkdw doo yduldeohv d�hfw doo fkrlfhv/ vr wklv lv qrw srvvleoh zlwkrxw lpsrvlwlrq ri duelwudu|
h{foxvlrq uhvwulfwlrqv1
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Wdeoh 7 suhvhqwv wkh udqgrp h�hfwv surelw hvwlpdwhv zlwk wkh fruuhfwlrq
whup lqfoxghg1 Hvwlpdwhv ri wkh pdujlqdo h�hfwv duh suhvhqwhg wrjhwkhu zlwk
wkh 50vwdwv iru wkh xqghuo|lqj frh!flhqwv iurp zklfk wkh pdujlqdo h�hfwv duh
ghulyhg1 Wkh wdeoh lqglfdwhv wkdw wkh hvwlpdwhv ri odjjhg xvh uhpdlq vljqli0
lfdqw diwhu fruuhfwlrq iru wkh lqlwldo frqglwlrqv sureohp1 Wkh frh!flhqw rq
wkh fruuhfwlrq whup +ef, lqglfdwhv d srvlwlyh fruuhodwlrq ehwzhhq ?W�f dqg ��
+wkh hvwlpdwh ydu|lqj iurp 158 iru doo sulydwh xvh wr rqo| 13; iru lqsdwlhqw
xvh,1 Wkh uhvxowv zlwkrxw wkh Ruph fruuhfwlrq duh qrw suhvhqwhg khuh exw
lqglfdwh d odujhu frh!flhqw rq wkh odjjhg whup/ vr ljqrulqj wkh lqlwldo frqgl0
wlrqv sureohp uhvxowv lq ryhuhvwlpdwlrq ri wkh odjjhg h�hfwv1 Krzhyhu/ hyhq
zlwk wkh fruuhfwlrq whup lqfoxghg/ wkh hvwlpdwhg h�hfwv ri odjjhg sdvw sul0
ydwh ghpdqg uhpdlq odujh lq pdjqlwxgh dqg kljko| vljql�fdqw iru doo wkuhh
vhuylfhv491

Wkh uhvxowv lq Wdeoh 7 vkrz wkdw wkh sdwwhuqv ri dvvrfldwlrq lghqwl�hg lq
wkh PQO hvwlpdwhv duh qrw vlpso| gxh wr lqglylgxdo khwhurjhqhlw|1 Frqgl0
wlrqdo rq udqgrp lqglylgxdo h�hfwv/ sulydwh vhfwru xvh uhpdlqv vljql�fdqwo|
dvvrfldwhg zlwk hpsor|phqw vwdwxv/ hgxfdwlrq/ lqfrph/ khdowk vwdwxv/ srolw0
lfdo dwwlwxghv dqg sdvw xvh ri wkh sulydwh vhfwru1 Wkh odfn ri lpsruwdqfh ri
zdlwlqj olvw dqg QKV dydlodelolw| phdvxuhv uhpdlqv1 Sulydwh xvh dw | � � lv
d vljql�fdqw ghwhuplqdqw ri sulydwh xvh dw |� Wkh uhvxowv fdq eh frpsduhg
wr wkh sulydwh vhfwru xvh froxpqv ri wkh PQO prgho lq Wdeoh 51 Wklv frp0
sdulvrq lqglfdwhv d forvh vlplodulw| ehwzhhq prvw ri wkh hvwlpdwhv/ wkrxjk
wkh udqgrp h�hfwv surelw prgho jlyhv kljkhu hvwlpdwhv ri wkh pdujlqdo hi0
ihfw ri sdvw sulydwh xvh rq fxuuhqw sulydwh xvh iru erwk ghqwdo dqg lqsdwlhqw
vhuylfhv4:1

9 Glvfxvvlrq dqg Frqfoxvlrqv
Odfn ri dydlodeoh gdwd kdv olplwhg wkh vwdwlvwlfdo dqdo|vlv ri wkh ghwhuplqdqwv
ri wkh fkrlfh wkh lqglylgxdo lq wkh XN kdv ehwzhhq QKV dqg sulydwh vhfwru
khdowk fduh1 Suhylrxv vwxglhv kdyh orrnhg rqo| dw sulydwh khdowk lqvxudqfh ru

49Wzr dvvhvvphqw ri wkh jrrgqhvv ri �w ri wklv prgho zhuh pdgh1 Wkh �uvw zdv d
frpsdulvrq ri wkh dvvxphg sdudphwulf hvwlpdwru +wkh surelw hvwlpdwru, djdlqvw d vhpl0
sdudphwulf hvwlpdwru +wkh orzhvv hvwlpdwru,1 Wklv vkrzhg d forvh dvvrfldwlrq ehwzhhq wkh
wzr/ vxjjhvwlqj urexvwqhvv wr wkh sdudphwulf dvvxpswlrqv1 Wkh vhfrqg zdv d judsklfdo
whvw edvhg rq Nohlq +4<<6,1 Wkh revhuydwlrqv zhuh jurxshg lqwr 533 txdqwlohv ri wkh lqgh{
ixqfwlrq ri wkh udqgrp h�hfwv surelw hvwlpdwru1 Wkh whvw vwdwlvwlf iru wkh txdqwloh/ T>
vxjjhvwhg e| Nohlq/ zdv sorwwhg djdlqvw wkh txdqwlohv1 Wkh uhvxowv vkrzhg olwwoh hylghqfh
ri plvvshfl�fdwlrq1

4:Wkh vlplodulw| zlwk wkh PQO uhvxowv shukdsv lqglfdwhv wkdw wkh lpsrvhg dvvxpswlrq
ri xqfruuhodwhg huuruv lq wkh PQO prgho grhv qrw vhulrxvo| glvwruw wkh uhvxowv1
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xvhg djjuhjdwh gdwd1 Wklv vwxg| hvwlpdwhv d frpshwlqj ulvnv prgho ri wkh
khdowk fduh dowhuqdwlyhv rshq wr d xvhu ri fduh lq wkh XN xvlqj lqglylgxdo
gdwd1 Lw lv dovr wkh �uvw vwxg| wr h{dplqh wkh lpsdfw ri sdvw xvh xvlqj
plfurgdwd1 Zh �qg xvh ri sulydwh khdowk fduh wr eh vwurqjo| ghwhuplqhg e|
lqfrph/ ghprjudsklfv/ dwwlwxghv wr wkh htxlw| jrdov ri wkh QKV/ srolwlfdo
doohjldqfh/ dqg sdvw xvh1 Xvhuv ri sulydwh vhuylfhv duh ulfkhu/ pruh olnho| wr
vxssruw wkh srolwlfdo uljkw/ ohvv vxssruwlyh ri wkh htxlw| jrdov ri wkh QKV/
dqg pruh olnho| wr kdyh xvhg sulydwh fduh lq wkh sdvw wkdq wkh uhvw ri wkh
srsxodwlrq1 Zh lghqwli| d vhsdudwh dqg vljql�fdqw frqwulexwlrq ri hdfk ri
wkhvh idfwruv1 Iru h{dpsoh/ wkh lpsdfw ri lqfrph uhpdlqv rqfh hpsor|phqw
vwdwxv lv frqwuroohg iru/ dqg wkh lpsdfw ri srolwlfdo eholhi uhpdlqv rqfh whqxuh
dqg hpsor|phqw vwdwxv/ riwhq dujxhg wr eh ghwhuplqdqwv ri yrwlqj lqwhqwlrqv
lq wkh XN/ duh frqwuroohg iru1

Zh dovr �qg vwurqj hylghqfh ri dvvrfldwlrq ehwzhhq sdvw dqg suhvhqw xvh
ri sulydwh khdowk fduh/ dqg ehwzhhq sdvw dqg suhvhqw xvh ri QKV fduh1 Wkh
sdvw sulydwh xvh ri rqh khdowk vhuylfh lv srvlwlyho| dvvrfldwhg zlwk fxuuhqw
sulydwh ghpdqg iru dqrwkhu/ dqg wkh sdvw xvh ri dq QKV vhuylfh lv srvlwlyho|
dvvrfldwhg zlwk fxuuhqw xvh ri dqrwkhu QKV vhuylfh1 Exw wkhuh lv dovr d furvv0
vhfwrudo  rz1 Sdvw xvh ri wkh QKV lv srvlwlyho| dvvrfldwhg zlwk suhvhqw xvh ri
sulydwh vhuylfhv1 Wkh  rz lv qrw mxvw rqh zd| rxw ri wkh QKV1 Wkh sdvw xvh
ri vhuylfhv lq wkh sulydwh vhfwru lv srvlwlyho| dvvrfldwhg zlwk fxuuhqw sxeolf
vhfwru xvh1 Lq idfw/ iru ghqwdo vhuylfhv/ wkh hvwlpdwhg srvlwlyh lpsdfw ri sdvw
sulydwh xvh rq fxuuhqw QKV xvh lv odujhu wkdq wkh hvwlpdwhg lpsdfw ri sdvw
QKV xvh rq fxuuhqw sulydwh xvh1

Zkloh wkhvh �qglqjv vxssruw wkh lghd wkdw wkh xvhuv ri sulydwh vhuylfhv
duh dq lghqwl�deoh vrfldo jurxs dqg vr shukdsv li orrnhg dw furvv0vhfwlrqdoo|
frxog eh dujxhg wr frqvwlwxwh d *sulydwh zhoiduh fodvv*/ zkhq d orqjlwxglqdo
dqdo|vlv lv xqghuwdnhq/ wkh vxssruw iru d sulydwh zhoiduh fodvv lv ohvv vwurqj1
Rxu dqdo|vhv gr qrw vxssruw wkh lghd wkdw wkhuh lv d jurxs ri xvhuv lq wkh
XN zkr pryh lqwr wkh sulydwh vhfwru dqg vwd| wkhuh1 Lqvwhdg/ wkhuh lv frq0
vlghudeoh pryhphqw ehwzhhq wkh sxeolf dqg wkh sulydwh vhfwruv1 Wdnlqj doo
wkh sulydwh vhuylfhv iru zklfk wkhuh lv dq QKV dowhuqdwlyh wrjhwkhu/ sxeolf
dqg sulydwh xvh dsshdu frpsohphqwdu|1 Iru ghqwdo fduh/ sulydwh dqg sxeolf
fduh dovr dsshdu wr eh frpsohphqwv1 Rqo| iru lqsdwlhqw vwd|v/ zklfk lqglylg0
xdov uhtxluh lqiuhtxhqwo| dqg iru zklfk wkh| pd| ex| lqvxudqfh/ grhv wkhuh
dsshdu wr eh d jurxs zkr suhgrplqdqwo| xvhv wkh sulydwh vhfwru1 Dqg hyhq
wklv jurxs duh xqolnho| wr xvh rqo| wkh sulydwh vhfwru/ dv vhyhudo lqsdwlhqw
vhuylfhv +h1j1 dfflghqw dqg hphujhqf| vhuylfhv, duh qrw surylghg lq wkh sul0
ydwh vhfwru1 Qru grhv vxssruw iru wkh htxlw| jrdov ri wkh QKV dsshdu wr eh
olqnhg prvw vwurqjo| wr vhfwru lq zklfk khdowk fduh kdv ehhq wdnhq1 Vxssruw
iru wkh htxlw| jrdov ri wkh QKV lv vwurqjhvw dprqjvw qrq0xvhuv/ dqg sxeolf
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dqg sulydwh xvhuv duh forvhu wr hdfk rwkhu wkdq wr qrq0xvhuv4;1
Wkh uhvxowv vxjjhvw wkdw ghvslwh wkh uhfhqw jurzwk lq wkh xvh ri sulydwh

�qdqfhg khdowk fduh/ wkhuh lv shukdsv qrw d glvwlqfw jurxs ri sulydwh vhuylfh
xvhuv zkr kdyh frpsohwho| rswhg rxw ri wkh QKV1 Lqvwhdg/ wkh xvh ri sulydwh
vhuylfhv dsshduv wr eh frpsohphqwdu| wr wkh xvh ri wkh sxeolf vhfwru1 Wkrvh
zkr xvh rqh vhfwru xvh wkh rwkhu/ dqg wkrvh zkr xvh wkh sulydwh vhfwru uhwdlq
frqvlghudeoh vxssruw iru wkh QKV1 Vxfk sdwwhuqv kdyh lpsolfdwlrqv iru wkh
jurzwk ri sulydwh dqg sxeolf fduh lq wkh XN1

Uhihuhqfhv
^4` Ehvoh|/ Wlprwk|/ Mrkq Kdoo dqg Ldq Suhvwrq +4<<9,/ Wkh Ghpdqg iru

Sulydwh Khdowk Lqvxudqfh= Gr Zdlwlqj Olvwv PdwwhuB Orqgrq= Lqvwlwxwh
iru Ilvfdo Vwxglhv Pd| 4<<9

^5` Ehvoh|/ Wlprwk|/ Mrkq Kdoo dqg Ldq Suhvwrq +4<<;, Sxeolf dqg Sulydwh
Lqvxudqfh lq wkh XN1 Hxurshdq Hfrqrplf Uhylhz 75+608,/ 7<407<;1/

^6` Exufkdugw/ Wdqld dqg Sursshu/ Fduro +iruwkfrplqj,/ Lv wkhuh d vrfldo
zhoiduh fodvvB Mrxuqdo ri Vrfldo Srolf|1

^7` Exufkdugw/ Wdqld/ Kloov/ M dqg Sursshu/ Fduro +4<<<,/ Sulydwh Zhoiduh
dqg Sxeolf Srolf|1 \run= \run Sxeolvklqj Vhuylfhv iru Mrvhsk Urzqwuhh
Irxqgdwlrq1

^8` Fdoqdq/ Plfkdho Vdudk Fdqw dqg Mrqdwkdq Jdeh +4<<6, Jrlqj Sulydwh=
Zk| Shrsoh Sd| iru wkhlu Khdowk Fduh1 R{irug= R{irug Xqlyhuvlw| Suhvv1

^9` Fxwohu/ Gdylg dqg Mrqdwkdq Juxehu +4<<9d,/ Grhv Sxeolf Lqvxudqfh
Furzg rxw Sulydwh LqvxudqfhB Txduwhuo| Mrxuqdo ri Hfrqrplfv 444/
6<407631

^:` Fxwohu/ Gdylg dqg Mrqdwkdq Juxehu +4<<9e,/ Wkh h�hfw ri Phglfdlg
H{sdqvlrqv rq Sxeolf Lqvxudqfh/ Sulydwh Lqvxudqfh dqg Uhglvwulexwlrqv/
Dphulfdq Hfrqrplf Uhylhz ;9/ 6:;06;61

^;` Jrggdug/ M D/ Pdohn/ P dqg P Wdydnrol +4<<7,/ Dq Hfrqrplf Prgho
ri wkh Pdunhw iru Krvslwdo Wuhdwphqw ri Qrq0Xujhqw Frqglwlrqv/ Khdowk
Hfrqrplfv 7 +4,/ 740891

^<` Jrggdug/ P dqg Vplwk/ S+4<<;, Htxlw| ri Dffhvv wr Khdowk Fduh1 Xql0
yhuvlw| ri \run Fhqwuh iru Khdowk Hfrqrplfv Glvfxvvlrq Sdshu1

4;Vhh dovr Exufkdugw hw do +4<<<,1
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^43` Kvldr/ F +4<;9,/ Dqdo|vlv ri Sdqho Gdwd/ FXS1

^44` Nohlq/ U Z +4<<6,/ Vshfl�fdwlrq whvwv iru elqdu| fkrlfh prghov edvhg
rq lqgh{ txdqwlohv/ Mrxuqdo ri Hfrqrphwulfv 8<+6,/ 67606:81

^45` Olqgvd|/ F dqg E Ihljhqedxp +4<;7,/ Udwlrqlqj e| Zdlwlqj Olvw/ Dphu0
lfdq Hfrqrplf Uhylhz :7/ 73704:1

^46` PdfDylqfkh| L dqg \dqqrsrorxv +4<<6,/ Hodvwlflw| hvwlpdwhv iurp d
g|qdplf prgho ri lqwhuuhodwhg ghpdqgv iru sxeolf dqg sulydwh khdowk
fduh/ Mrxuqdo ri Khdowk Hfrqrplfv 45/ 4:404;91

^47` Pduwlq/ V dqg Vplwk S +4<<;,/ Prghoolqj zdlwlqj wlphv iru hohfwlyh
vxujhu|/ Mrxuqdo ri Sxeolf Hfrqrplfv :4/ 4740971

^48` Ruph/ F +4<<:,/ Wkh Lqlwldo Frqglwlrqv Sureohp dqg Wzr0Vwhs hvwlpd0
wlrq lq Glvfuhwh Sdqho Gdwd Prghov1 Ghsduwphqw ri Hfrqrplf Vwxglhv/
Xqlyhuvlw| ri Pdqfkhvwhu/ XN1

^49` Sdsdgdnlv/ H dqg Shwhu Wd|oru0Jrre| +4<;:,/ Wkh Sulydwh Surylvlrq ri
Sxeolf Zhoiduh= vwdwh/ pdunhw dqg frppxqlw|1 Euljkwrq= Zkhdwvkhdi1

^4:` Sursshu/ Fduro +4<;;,/ Sulydwh Ghpdqg dqg Sxeolf Surylvlrq= Wkh Fdvh
ri Khdowk Fduh lq wkh XN/ plphr/ Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw|
ri Eulvwro1

^4;` Sursshu/ F +4<<8, Mrxuqdo ri Kxpdq Uhvrxufhv

^4<` Sursshu/ Fduro +4<<6,/ Frqvwudlqhg fkrlfh vhwv lq wkh XN ghpdqg iru
sulydwh phglfdo lqvxudqfh/ Mrxuqdo ri Sxeolf Hfrqrplfv 84+6,/ 5;:063:1

^53` Sursshu/ Fduro +4<;<, Dq hfrqrphwulf dqdo|vlv ri wkh ghpdqg iru sulydwh
khdowk lqvxudqfh lq Hqjodqg dqg Zdohv/ Dssolhg Hfrqrplfv 54+9,/ :::0
:<51

^54` Vfkplgw U dqg Vwudxvv Z +4<:8,/ Wkh suhglfwlrqv ri Rffxsdwlrqv xvlqj
Pxowlsoh Orjlw Prghov/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz 49+5,/ 7:40;91

^55` Wd|oru0Jrre|/ Shwhu +4<;<,/ Wkh Srolwlfv ri Zhoiduh Sulydwlvdwlrq= wkh
Eulwlvk H{shulhqfh/ Lqwhuqdwlrqdo Mrxuqdo ri Khdowk Vhuylfhv/ 4<+5,/ 53<0
5531
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Table 1:  Proportion of sample using private health services in British Household Panel
1990-95

Proportion 1990/1 1991/2 1992/3 1993/4 1994/5

Private dental care 9.0 8.5 1.1 11.6 12.7
Private eye care 8.6 8.4 10.5 10.0 10.7
Private physiotherapy, chiropody
or health visitor 4.0 4.2 4.9 5.2 5.0
Private inpatient stay 1.0 0.9 0.8 0.9 0.9
Any private health service use 18.4 17.5 20.9 21.3 22.4
Base (weighted) 9911 9458 9021 9054 8816
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Table 2.  Multinomial logit estimates of marginal effects of NHS and private use

Any service use Inpatient stay Dental Visit
NHS only Private NHS only Private NHS only Private

dp/dx
(z stat)

dp/dx
(z stat)

dp/dx
(z stat)

dp/dx
(z stat)

Dp/dx
(z stat)

dp/dx
(z stat)

Gender .05
(8.0)

.002
(5.0)

.024
(5.6)

.001
(0.9)

.03
(4.9)

-.005
(0.9)

Social renter .020
(5.5)

-.09
(10.3)

.0004
(0.1)

-.0010
(2.8)

-.021
(7.2)

-.060
(8.7)

Higher education .005
(3.0)

.02
(4.6)

-.005
(1.0)

-.0013
(0.9)

.012
(2.6)

.0084
(2.8)

Age, Age2, Family composition Yes Yes Yes Yes Yes Yes
Self employed -.12

(5.1)
.07

(1.1)
-.06
(5.8)

.0009
(0.1)

-.063
(3.5)

.031
(1.6)

Employed -.09
(4.8)

.05
(1.5)

-.06
(9.5)

-.003
(1.5)

-.05
(3.9)

.025
(1.7)

Public sector .014
(0.5)

-.01
(0.4)

.004
(3.6)

.026
(0.7)

.0078
(0.4)

-.0069
(0.7)

Household income -.0003
(2.3)

.0006
(9.2)

.0001
(3.0)

.0008
(6.4)

-.0001
(2.9)

.00028
(7.4)

H’hold income squared 2.66e-07
(0.3)

-4.18e-06
(4.5)

-1.56e-07
(2.1)

-5.75e-08
(3.8)

6.1e-08
(0.7)

-1.85e-07
(3.6)

Industry dummies Yes Yes Yes Yes Yes Yes
Health limits daily activity -.002

(1.5)
-.02
(2.4)

-.03
(6.0)

-.003
(4.0)

.012
(0.2)

-.023
(2.3)

Health limits work -.02
(1.5)

.001
(0.8)

-.03
(4.8)

.0005
(0.6)

.026
(2.0)

.012
(2.0)

Smoker .01
(1.8)

.01
(1.8)

-.009
(1.3)

-.0004
(0.4)

.03
(1.8)

.002
(0.8)

Number of cigarettes -.002
(3.1)

-.0004
(2.2)

-.0007
(2.0)

-.00006
(1.0)

-.003
(3.1)

-.0003
(1.6)

Other health controls Yes Yes Yes Yes Yes Yes
Conservative party supporter -.01

(2.1)
.04

(5.6)
.00003
(0.0)

.0017
(1.1)

-.0004
(1.8)

.020
(4.8)

Disagree w/ ‘All health care
should be free’

-.001
(2.5)

.01
(4.7)

-.0015
(0.7)

.0003
(0.3)

.00033
(2.2)

.010
(5.2)

Disagree w/ ‘Unfair money buys
priority’

-.004
(0.3)

.005
(1.2)

.0008
(0.5)

.0017
(2.8)

-.002
(0.5)

.0013
(0.4)

Public use t-1 .30
(43.3)

-.015
(21.8)

.09
(20.1)

-.002
(0.3)

.36
(65.0)

.012
(25.3)

Private use t-1 .02
(20.3)

.24
(36.4)

.004
(0.3)

.026
(13.6)

.105
(21.1)

.19
(42.1)

% RHA resid waiting > 1 year Yes (ns) Yes (ns) Yes(ns) Yes (ns) - -
% RHA resid waiting < 1 year Yes (ns) Yes (ns) Yes (ns) Yes (ns) - -
Dental availability - - - - Yes (ns) Yes (ns)
Regional dummies Yes Yes Yes Yes Yes Yes
Log likelihood -17960 -6630 -14844
Sample Size 21002 20962 20598

Notes
1. z stats are for coefficient estimates and are calculated using robust standard errors
2. Health controls are dummy variables for whether individual has health problems with or suffers from following

conditions: limbs, sight, hearing, skin, chest, heart/blood pressure, stomach/digestion, diabetes,
anxiety/depression, alcohol/drugs, epilepsy, and other conditions excluding the above.

3. Public and private use t-1 are the last year’s use (of the public and private sector respectively) of the dependent
variable of the column for which the estimates are given.
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Table 3. The impact of past service use: multinomial logit estimates

Any service use Inpatient stay Dental visit
NHS only

dp/dx
(z stat)

Private
dp/dx

(z stat)

NHS only
dp/dx
(z stat)

Private
dp/dx
(z stat)

NHS only
dp/dx
(z stat)

Private
dp/dx
(z stat)

Public dental t-1 .29
(43.8)

-.002
(26.2)

-.002
(0.4)

.005
(2.8)

.36
(63.8)

.013
(25.1)

Private dental t-1 -.03
(23.4)

.26
(28.6)

-.009
(1.1)

.005
(2.2)

.10
(20.8)

.19
(40.8)

Public eye  t-1 .08
(10.7)

.002
(6.7)

.0007
(0.2)

.002
(1.1)

.03
(3.7)

-.01
(0.4)

Private eye t-1 -.04
(3.8)

.10
(11.1)

-.007
(0.8)

.006
(3.6)

.004
(1.9)

.023
(4.5)

Public inpatient stay t-1 .05
(2.9)

-.03
(0.2)

0.89
(18.1)

-.001
(0.2)

.009
(0.5)

-.006
(0.5)

Private inpatient stay t-1 -.10
(0.1)

.12
(2.7)

.003
(0.2)

.023
(12.2)

.017
(0.9)

.016
(1.2)

Public other services  t-1 .11
(11.3)

.01
(8.2)

.014
(2.6)

.0003
(0.2)

.002
(0.2)

-.001
(0.05)

Private other services t-1 -.16
(3.1)

.30
(15.5)

.020
(2.4)

.007
(4.0)

.009
(1.7)

.023
(3.3)

Log likelihood
Sample Size

-17091
20586

-6692
20569

-14754
20519

Notes
1. z-stats are for coefficient estimates and are calculated using robust standard errors
2. Models estimated including all other parameters in Table 2.
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Table 4: The use of private health care services: random effects probit estimates with
correction for initial conditions

Any service
use

Inpatient stay Dental visit

dP/dx
(z stat)

dP/dx
(z stat)

dP/dx
(z stat)

Private use t-1 .20
(25.3)

.059
(7.6)

.37
(32.0)

E0 .25
(15.7)

.086
(3.1)

.18
(11.5)

Social renter -.08
(8.3)

-.0042
(2.6)

-.048
(7.0)

Demographics (age, household composition) Included Included Included
Self employed .07

(4.3)
-.00075

(0.5)
.040
(4.5)

Employed .05
(4.4)

-.0017
(1.5)

.024
(4.5)

Household income .0007
(8.6)

.00005
(4.0)

.0003
(6.6)

H’hold income sq. -4.7e-07
(4.4)

-3.8e-08
(1.9)

-3.0e-07
(3.3)

Industry dummies, public sector employee Included Included Included

Health limits daily activity, health limits work,
smoker, number of cigarettes smoked

Included Included Included

% RHA residents waiting > 1 year -32.0
(1.2)

-2.26
(0.9)

-

% RHA residents waiting < 1 year 3.4
(1.97)

.12
(1.3)

-

Dental availability - - -.00001
(0.3)

Conservative party supporter .04
(5.5)

.0014
(1.4)

.020
(5.0)

Disagree w/ ‘All health care should be free’ .013
(4.1)

.0003
(0.7)

.0087
(4.1)

Disagree w/ ‘Unfair money buys priority’ .005
(1.8)

.0011
(2.9)

.0019
(1.0)

Regional effects Included Included Included
Time effects Included (ns) Included (ns) Included (ns)
Individual effects Included Included Included
Sample Size 7004 7002 6947
Mean probability of  private use .23 .009 .12
Predicted probability  (at means) .20 .005 .08
Notes

1. dP/dx is probability of using private care. Derived for continuous variable calculated by estimation of
the partial derivative at means of all variables.  dP/dxs for dummy variables calculated as difference in
evaluated probabilities when dummy =1 and dummy = 0 at means of all other  variables.

2. z-stats for coefficients derived using robust standard errors


