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Devwudfw

Wklv sdshu h{dplqhv hylghqfh ri wkh uroh wkdw uhsxwdwlrq sod|v lq ghwhuplqlqj frqwudfwxdo

rxwfrphv1 Zh frqgxfw dq hpslulfdo dqdo|vlv ri wkh Lqgldq fxvwrpl}hg vriwzduh lqgxvwu|/

xvlqj d gdwd vhw zh froohfwhg frqwdlqlqj ghwdlohg lqirupdwlrq rq 563 surmhfwv fduulhg rxw

e| 458 vriwzduh �upv1 Zh sursrvh d prgho ri wkh lqgxvwu| zkhuh uhsxwdwlrq ghwhuplqhv

frqwudfwxdo rxwfrphv1 Wkh hylghqfh vxssruwv wkh ylhz wkdw uhsxwdwlrq pdwwhuv1 H{0dqwh

frqwudfwv/ dv zhoo dv wkh rxwfrph diwhu h{0srvw uhqhjrwldwlrq/ ydu| zlwk �upv* fkdudfwhulvwlfv

sodxvleo| dvvrfldwhg zlwk uhsxwdwlrq1 Wklv krogv diwhu frqwuroolqj iru surmhfw/ folhqw/ dqg �up

fkdudfwhulvwlfv1
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L1 Lqwurgxfwlrq

Zkloh wkh lghd wkdw wkhuh duh vhyhuh olplwv wr frqwudfwlqj dqg wkhuhiruh uhsxwdwlrq pdwwhuv

lv qrz frpprqsodfh lq hfrqrplfv�/ olwwoh lv nqrzq derxw wkh vl}h ri wkhvh h�hfwv1 Li wkhvh

h�hfwv duh vkrzq wr eh odujh/ wkh| zrxog lpso| d glvwlqfw ylhz ri wkh ghwhuplqdqwv ri wudgh dqg

jurzwk/ dqg/ e| lpsolfdwlrq/ ri srolf|= D ylhz lq zklfk ohjdo lqiudvwuxfwxuh dqg wkh dydlodelolw|

ri uhsxwhg �upv frxog eh dv lpsruwdqw dv frpsdudwlyh dgydqwdjh/ kxpdq fdslwdo/ dqg sk|vlfdo

lqiudvwuxfwxuh1

Wklv sdshu dwwhpswv wr txdqwlwdwlyho| dvvhvv wkh lpsruwdqfh ri uhsxwdwlrq dqg/ e| lpsolfd0

wlrq/ wkh vhulrxvqhvv ri wkh olplwv rq frqwudfwlqj/ xvlqj gdwd jdwkhuhg iurp wkh Lqgldq fxvwrpl}hg

vriwzduh lqgxvwu|1 Lqgld lv rqh ri wkh odujhvw h{sruwhuv ri vriwzduh wr wkh Xqlwhg Vwdwhv exw lwv

ohjdo lqiudvwuxfwxuh lv zlgho| vhhq dv ehlqj txlwh sulplwlyh/ olplwlqj wkh vfrsh iru frqwudfwv1

Frqwudfwv/ krzhyhu/ sod| d ylwdo uroh lq wkh fxvwrpl}hg vriwzduh lqgxvwu| vlqfh wkh vwuxfwxuh ri

wkh lqgxvwu| lqylwhv krog0xsv1 Wkh surgxfwlrq surfhvv wdnhv wlph ~ hljkw prqwkv rq dyhudjh ~

gxulqj zklfk wkh �up frpplwv d vxevwdqwldo qxpehu ri pdq krxuv1 Wkh �qdo surgxfw lv w|slfdoo|

txlwh vshfl�f wr wkh folhqw/ vr wkh folhqw irujrhv jrlqj wr dqrwkhu �up1 Wkh folhqw dozd|v nhhsv

wkh surshuw| uljkwv dqg wkhuh lv olwwoh jhqhudo ohduqlqj lq wkh surfhvv ri surgxfwlrq12

Wkh h{whqw wr zklfk frqwudfwv fdq surwhfw lv/ krzhyhu/ olplwhg e| wkh idfw wkdw wkh ghvluhg

hqg0surgxfw whqgv wr eh frpsoh{ dqg gl�fxow wr ghvfuleh dkhdg ri wlph lq d zd| wkdw d frxuw/

hvshfldoo| dq Lqgldq frxuw/ zrxog xqghuvwdqg1 Dw wkh rxwvhw/ lq prvw fdvhv/ qhlwkhu wkh folhqw

qru wkh �up hqwluho| xqghuvwdqgv zkdw wkh| duh vhwwlqj rxw wr exlog1 Glvsxwhv derxw wkh lq0

whusuhwdwlrq ri wkh frqwudfw duh qrw xqfrpprq zkhqhyhu wkhuh duh frvw ryhuuxqv/ l1h1/ frvwv lq

h{fhvv ri zkdw zdv hqylvdjhg dw wkh rqvhw ri wkh surmhfw1 Erwk vlghv lq wkhvh glvsxwhv dffxvh

wkh rwkhu ri idlolqj wr dgkhuh wr wkh ohwwhu ri wkh frqwudfw/ zlwk wkh folhqw fodlplqj wkh vriwzduh

�up +khuhdiwhu= wkh �up, kdv qrw gholyhuhg zkdw lw kdg frqwudfwhg wr gholyhu/ zkloh wkh �up

dujxhv wkh folhqw kdv fkdqjhg klv ghpdqgv1 Jlyhq wkdw wkh ghvfulswlrq ri wkh surgxfw lq wkh

frqwudfw lv kljko| lqfrpsohwh/ frxuwv fdqqrw eh uholhg rq wr dgmxglfdwh fruuhfwo| ehwzhhq wkhvh

frq�lfwlqj fodlpv1 Lq rwkhu zrugv/ frqwudfwv zklfk wdujhw wkh vrxufh ri wkh ryhuuxq duh suredeo|

xqhqirufhdeoh1 Wklv lv frqvlvwhqw zlwk wkh idfw wkdw lq wkh Lqgldq lqgxvwu| zh rqo| revhuyh
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�{hg0sulfh frqwudfwv +zkhuh wkh �up lv vxssrvhg wr devrue wkh hqwluh ryhuuxq, dqg wlph dqg

pdwhuldov frqwudfwv +zkhuh wkh folhqw lv vxssrvhg wr sd| iru doo ri lw,1

Wkh edvlf k|srwkhvlv ri wklv sdshu lv wkdw d uroh iru uhsxwdwlrq dulvhv ehfdxvh frqwudfwv duh

olplwhg lq wklv zd|1 Zh prgho uhsxwdwlrq iru ehlqj uholdeoh= Uholdeoh �upv dqg folhqwv dozd|v

sd| iru dq| ryhuuxq wkdw wkh| kdyh jhqhudwhg/ dv orqj dv wkh rwkhu vlgh grhv wkh vdph1 Zkloh

wklv lv zkdw zh riwhq khdug +pdq| shrsoh wrog xv _lw zdv rxu idxow dqg vr zh sdlg iru lw%,/

dqg lw lv frqvlvwhqw zlwk wkh gdwd +vhh Vhfwlrq LLL,/ zh uhfrjql}h wkdw rwkhu/ uhodwhg/ irupv ri

uhsxwdwlrq duh suredeo| lpsruwdqw lq sudfwlfh dqg wkdw rxu hpslulfdo zrun fdqqrw glvwlqjxlvk

ehwzhhq wkhp1

Li doo �upv dqg folhqwv zhuh uholdeoh/ wkhuh zrxog eh qr qhhg iru frqwudfwv derxw wkh vkdulqj

ri ryhuuxqv1 Krzhyhu/ lw lv xvxdoo| lpsrvvleoh wr eh vxuh li wkh rwkhu vlgh lv uholdeoh/ khqfh wkh

revhuydwlrq wkdw doo surmhfwv ehjlq zlwk hlwkhu d �{hg0sulfh frqwudfw ru d wlph dqg pdwhuldov

frqwudfw1 Zkloh wkhvh frqwudfwv rqo| surwhfw rqh vlgh iurp xquholdeoh ehkdylru e| wkh rwkhu/

wkdw vwloo grplqdwhv kdylqj qr frqwudfw dw doo1� Wkh fkrlfh ri zklfk vlgh wr surwhfw ghshqgv

rq zklfk vlgh lv pruh olnho| wr eh xquholdeoh/ l1h1/ rq wkh uhsxwdwlrqv ri wkh wzr vlghv1e Wklv

jhqhudwhv fruuhodwlrqv ehwzhhq uhsxwdwlrq/ wkh fkrvhq frqwudfw dqg frqwudfwxdo rxwfrphv +vxfk

dv wkh dfwxdo vkdulqj ri ryhuuxq, wkdw zh whvw lq wkh hpslulfdo vhfwlrq1

Wkh prgho vxjjhvwhg khuh lv irupdoo| ghyhorshg lq Vhfwlrq LL1 Lq Vhfwlrqv LLL dqg LY/ zh vkrz

wkdw wkh prgho dqg lwv suhglfwlrqv duh frqvlvwhqw zlwk wkh revhuyhg idfwv1 Lq sduwlfxodu/ zh �qg

vwurqj h�hfwv ri uhsxwdwlrq +phdvxuhg lq vhyhudo gl�huhqw zd|v, rq wkh fkrlfh ri frqwudfwv dqg

wkh frqwudfwxdo rxwfrphv1 Furfnhu dqg Uh|qrogv* ^4<<6` vwxg| ri wkh surfxuhphqw ri dlusodqh

hqjlqhv e| wkh plolwdu| lv/ wr rxu nqrzohgjh/ wkh rqo| rwkhu sdshu wkdw grfxphqwv wkh h�hfw ri

uhsxwdwlrq +phdvxuhg lq wkhlu fdvh e| sdvw glvsxwhv, rq wkh fkrlfh ri frqwudfwv +exw qrw rq wkh
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vkdulqj ri frvwv,1 Wkh uhvxowv ri PfPloodq dqg Zrrgux� ^4<<<` duh dovr uhodwhg1 Xvlqj gdwd

iurp Ylhwqdp dqg xvlqj vhyhudo phdvxuhv ri wuxvw lqfoxglqj wkh ohqjwk ri wkh uhodwlrqvkls dqg

lqirupdwlrq iurp wklug sduwlhv/ wkh| vkrz wkdw lqwhu0�up wudgh fuhglw lv pruh olnho| zkhq wkh

gholyhulqj �up wuxvwv lwv folhqw1

LL1 D Prgho ri wkh Vriwzduh Lqgxvwu|

Wkh prgho zh sursrvh lq wklv vhfwlrq lv dq dwwhpsw wr fdswxuh/ lq dv vlpsoh d zd| dv

srvvleoh/ wkh vwru| ri wkh lqgxvwu| wrog lq wkh lqwurgxfwru| vhfwlrq1 Wkh prgho dggv hqgrjhqrxv

frqwudfwxdo fkrlfh wr d edvlf prgho ri uhsxwdwlrq irupdwlrq dorqj wkh olqhv ri Gldprqg ^4<;<`1

LL141 Glvdjuhhphqwv/ Ryhuuxq dqg Frqwudfwv

Wkh folhqw +F, zdqwv wkh �up +I , wr exlog d slhfh ri vriwzduh wkdw zloo eh zruwk Y wr wkh

folhqw +zh zloo dvvxph ulvn0qhxwudolw| rq erwk vlghv wkurxjkrxw/ vr wkdw wklv lv ehvw wkrxjkw ri

dv d prqh| sd|r� dqg wkh frvwv dv prqh| frvwv,1 Lq d zruog zkhuh wkh folhqw fdq ghvfuleh wkh

surgxfw lw zdqwv shuihfwo| dqg wkh �up dovr xqghuvwdqgv wklv ghvfulswlrq shuihfwo|/ wkh surmhfw

vkrxog frvw |1 Zh dgrsw wkh qrupdol}dwlrq wkdw | @ 3= Zh dvvxph/ krzhyhu/ wkdw lq hyhu| uhdo

surmhfw wkh dfwxdo frvw zloo eh srvlwlyh/ l1h1/ wkhuh zloo eh ryhuuxq1 Rqh uhdvrq iru wklv lv wkdw lw

lv yhu| frvwo| iru wkh folhqw wr ghvfuleh h{0dqwh h{dfwo| zkdw lw zdqwv/ dqg hyhq li wkh ghvfulswlrq

lv shuihfw lw lv wrr frvwo| iru wkh �up wr xqghuvwdqg lw shuihfwo|1 Wkxv/ wrwdo ryhuuxq zloo eh wkh

vxp ri ryhuuxq fdxvhg e| wkh �up +|8 ,/ dqg ryhuuxq fdxvhg e| wkh folhqw +|�,1 Zh dvvxph wkdw

doo ryhuuxq lv lqlwldoo| sdlg iru e| wkh �up1

Wkh dprxqwv ri wkh ryhuuxq/ |8 dqg |� / duh d uhvxow ri fkrlfhv pdgh/ uhvshfwlyho|/ e| wkh

�up dqg wkh folhqw1 Vshfl�fdoo|/ zh dvvxph wkdw �upv idfh d fkrlfh ehwzhhq d kljk ohyho/ |8 > dqg

d orz ohyho/ |8 1 Olnhzlvh/ wkh folhqw idfhv d fkrlfh ehwzhhq |� dqg |� 1 Ilupv fdq uhgxfh ryhuuxq

e| sxwwlqj pruh h�ruw lqwr xqghuvwdqglqj zkdw wkh folhqw zdqwv/ e| ehwwhu pdqdjhphqw/ dqg e|

dvvljqlqj pruh deoh shrsoh wr wkh surmhfw1 Folhqwv fdq uhgxfh ryhuuxq e| zrunlqj pruh forvho|

zlwk wkh �up/ dqg lq sduwlfxodu/ e| ehlqj suhflvh derxw zkdw wkh| zdqw1 Uhgxflqj ryhuuxq lv

wkhuhiruh frvwo|1 Wkh h{wud frvw wr wkh folhqw dqg wkh �up iurp fkrrvlqj d orz ohyho ri ryhuuxq

duh/ uhvshfwlyho|/ E� dqg E8 = Dvvxph wkdw |�� |�A E� dqg |8� |8A E8 vr wkdw lw lv dozd|v

h�flhqw wr plqlpl}h ryhuuxq1
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Krzhyhu/ zh zloo dvvxph wkdw erwk |� dqg |8 duh nqrzq rqo| wr wkh �up dqg lwv folhqw1

Wklug sduwlhv/ vxfk dv wkh frxuwv/ rqo| revhuyh wrwdo ryhuuxq +|� . |8 ,1
D Pruhryhu/ zh uhvwulfw

doo frqwudfwv wr ehlqj olqhdu dqg dgglwlrqdoo| uhtxluh wkdw wkh| gr qrw lqyroyh wkurzlqj dzd| dq|

prqh|1 Lq rwkhu zrugv/ zh rqo| frqvlghu frqwudfwv zkhuh wkh folhqw sd|v wkh �up dq dprxqw

S .+4� v,+|8 . |�,/ zkhuh S lv d suh0vshfl�hg �{hg sd|phqw dqg v lv wkh vkduh ri wkh ryhuuxq

eruqh e| wkh �up +v 5 ^3> 4`, ~ dqg qhlwkhu sduw| pdnhv dq| sd|phqwv wr wklug sduwlhv1 Ri

sduwlfxodu lqwhuhvw wr xv zloo eh wzr h{wuhph frqwudfwv= wkh frqwudfw zlwk v @ 4 +fruuhvsrqglqj

wr d �{hg0sulfh frqwudfw, dqg wkh frqwudfw zlwk v @ 3 +zklfk fruuhvsrqgv urxjko| wr d wlph dqg

pdwhuldov frqwudfw,1S Lw lv nh| wr rxu dqdo|vlv wkdw qhlwkhu ri wkhvh frqwudfwv reylrxvo| grplqdwhv

wkh rwkhu1 Wkh ixqgdphqwdo wudgh0r� frphv iurp wkh idfw wkdw v lv rqh qxpehu wkdw lv ehlqj

xvhg wr jlyh lqfhqwlyhv wr erwk sduwlhv1 D kljk v jlyhv jrrg lqfhqwlyhv wr wkh �up exw qrw wr

wkh folhqw/ zkloh d orz v frqwudfw grhv wkh uhyhuvh1 Dv d uhvxow/ lw lv w|slfdoo| qrw srvvleoh wr

lpsohphqw wkh �uvw ehvw1.

LL151 Qrupv/ Frxuwv dqg Uhqhjrwldwlrq

Zkhq wkh �uvw ehvw fdqqrw eh dfklhyhg e| frqwudfwxdo phdqv/ lw lv srvvleoh wr lpsuryh rq wkh

rxwfrph li wkh ehkdylru ri wkh �upv dqg wkh folhqwv lv dw ohdvw sduwo| qrup0jryhuqhg1 Vshfl�fdoo|/

dvvxph wkdw wkhuh duh wzr w|shv ri �upv dqg wzr w|shv ri folhqwv1 Ri wkhvh/ rqh w|sh ri �up

dqg rqh w|sh ri folhqw revhuyh d qrup ri ehlqj uholdeoh1 Uholdeoh �upv dqg folhqwv sd| iru wkh

ryhuuxq wkdw wkh| jhqhudwh/ dv orqj dv wkh rwkhu vlgh lv uholdeoh/ exw dfw wr pd{lpl}h fxuuhqw

sur�wv rwkhuzlvh1 Dvvxph e| frqwudvw wkdw xquholdeoh �upv dqg folhqwv duh p|rslf dqg dozd|v dfw

wr pd{lpl}h wkhlu fxuuhqw sur�wv/ dowkrxjk lw lv srvvleoh wkdw wklv lqyroyhv vlpxodwlqj uholdelolw|1
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Zkhq d �up dqg d folhqw duh pdwfkhg/ wkh| gr qrw gluhfwo| revhuyh hdfk rwkhu*v w|shv1

Udwkhu/ rq wkh edvlv ri zkdw lw nqrzv ri wkh folhqw +�up,/ wkh �up +folhqw, sxwv d suredelolw| ��

+�8 , rq wkh folhqw*v +�up*v, uholdelolw|1 �� dqg �8 wkhuhiruh phdvxuh uhsxwdwlrq1

Rxu irupxodwlrq ohdyhv rxw rqh ri wkh nh| lqjuhglhqwv ri wkh vwdqgdug uhsxwdwlrq prgho/ wkh

w|sh wkdw Wluroh ^4<<9` fdoov rssruwxqlvwv zkr fkrrvh wr eh uholdeoh/ qrw rxw ri lqqhu frpsxovlrqv

exw ehfdxvh lw sd|v lq wkh orqj uxq1 Qrwh/ krzhyhu/ wkdw lq d uhsxwdwlrqdo htxloleulxp wklv w|sh

lv ehkdylrudoo| lqglvwlqjxlvkdeoh iurp wkh wuxh uholdeoh w|sh1 Wkhuhiruh/ zh fdq dffrpprgdwh

wkh srvvlelolw| wkdw d iudfwlrq ri wkh uholdeoh w|shv duh dfwxdoo| uholdeoh e| fkrlfh dv orqj dv zh

dvvxph wkdw wkhuh lv vrph suredelolw| wkdw xquholdeoh ehkdylru zloo ehfrph sxeolf dqg wkdw lq

htxloleulxp qr rqh frqwudfwv zlwk wkrvh zkr duh nqrzq wr kdyh ehhq xquholdeoh lq wkh sdvw +dv lq

Ndqgrul ^4<<5` ru Wluroh ^4<<9`,1 Lqwurgxflqj rssruwxqlvwv zkr rqo| vrphwlphv ehkdyh uholdeo|

lqwr rxu prgho frpsolfdwhv wkh dqdo|vlv exw ohdyhv wkh pdlq uhvxowv xqfkdqjhg1

Lq rxu fkrvhq vhwwlqj/ vlqfh wkh uholdeoh �upv dqg folhqwv duh jrlqj wr eh vhoi0uhjxodwhg/ wkh

ixqfwlrq ri wkh frqwudfw lv wr surwhfw uholdeoh folhqwv djdlqvw rssruwxqlvp e| xquholdeoh �upv

dqg ylfh yhuvd1 Zkhq dw ohdvw rqh vlgh wxuqv rxw wr eh xquholdeoh/ wkhuh lv d glvsxwh dqg wkh

frqwudfw ehfrphv lpsruwdqw1 Krzhyhu/ ehfdxvh jrlqj wr frxuw lv frvwo| wkh frqwudfw lv olnho| wr

eh uhqhjrwldwhg1 Zh dvvxph wkdw lq wkh uhqhjrwldwhg rxwfrph/ wkh �up sd|v d vkduh vW+v, ri

wkh ryhuuxq zkhq wkhuh lv d glvsxwh1 Lw lv qdwxudo wr dvvxph wkdw vW lv lqfuhdvlqj lq v= Zh dovr

dvvxph wkdw vW lv erxqghg ehorz e| vW A 3 dqg deryh e| vW ? 41H D kljkhu vW dqg d orzhu vW

fruuhvsrqg lq d qdwxudo zd| wr d ohvv h�hfwlyh ohjdo v|vwhp1

Wkh wlplqj ri wkh prgho lv dv iroorzv= D �up dqg d folhqw duh pdwfkhg dqg ghflgh rq d

frqwudfw> wkh surmhfw lv wkhq fduulhg rxw> shrsoh fkrrvh dfwlrqv wkdw ohdg wr dq ryhuuxq1 Dw wkh

hqg ri wkh surmhfw/ wkh ryhuuxq lv revhuyhg dqg wkh wzr sduwlhv ghflgh zkhwkhu ru qrw wr ehkdyh

uholdeo|1 Li hlwkhu vlgh lv xquholdeoh/ wkhuh lv d glvsxwh dqg wkh ryhuuxq lv vkduhg lq wkh sursruwlrq

vW+v,@+4� vW+v,,=
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LL161 Uhsxwdwlrq Irupdwlrq

Wkhuh duh vhyhudo phfkdqlvpv e| zklfk uhsxwdwlrq fdq hyroyh1 Iluvw/ lq wkrvh fdvhv zkhuh wkh

�up dqg wkh folhqw kdyh frqwudfwhg dw ohdvw rqfh ehiruh/ wkh suhvxpswlrq lv wkdw erwk kdg

ehkdyhg uholdeo| vr wkdw wkh| erwk qrz kdyh d ehwwhu uhsxwdwlrq zlwk wkh rwkhu1

Vhfrqg/ wkh djh ri wkh �up vkrxog eh d vrxufh ri uhsxwdwlrq1 Zh kdyh douhdg| qrwhg wkdw lq

rughu iru wkhuh wr eh d uhsxwdwlrqdo htxloleulxp/ wkhuh pxvw eh vrph suredelolw| wkdw xquholdeoh

ehkdylru ehfrphv sxeolfo| nqrzq lq wkh ixwxuh1 Rqfh wkdw kdsshqv qr rqh zloo zdqw wr frqwudfw

zlwk wkh jxlow| �up dqg lw zloo suredeo| hqg xs jrlqj rxw ri exvlqhvv1 Wklv vhohfwlrq surfhvv

hqvxuhv wkdw roghu �upv +dqg folhqwv, zloo w|slfdoo| eh pruh uholdeoh1 Wklv lv uhlqirufhg e| wkh

idfw wkdw lqirupdwlrq lv uhyhdohg ryhu wlph dqg wkhuhiruh d �up wkdw kdv ehhq lq wkh lqgxvwu| d

orqj wlph dqg grhv qrw kdyh dq| eodfn pdunv djdlqvw lw/ lv pruh olnho| wr eh uholdeoh1

Ilqdoo|/ �upv pd| eh deoh wr hvwdeolvk d jrrg uhsxwdwlrq e| ghprqvwudwlqj wkdw wkh| iroorz

surfhvvhv zklfk/ lq sulqflsoh/ vkrxog uhgxfh ryhuuxq1 Surfhvv fhuwl�fdwlrq e| rxwvlgh djhqflhv/

vxfk dv LVR <334 fhuwl�fdwlrq/ duh wkhuhiruh dqrwkhu srwhqwldo vrxufh ri uhsxwdwlrq1

LL171 Dqdo|vlv ri wkh Prgho

Ilup Ehkdylru = Uholdeoh �upv kdyh rqo| rqh fkrlfh/ wr fkrrvh ehwzhhq |8 dqg |8 = Xquholdeoh

�upv kdyh wkh vdph fkrlfh/ exw lq dgglwlrq wkh| fdq fkrrvh zkhwkhu ru qrw wr plplf uholdeoh �upv

lq wkh fxuuhqw shulrg1 Folhqwv idfh dq h{dfwo| v|pphwulfdo fkrlfh1 Wkh iroorzlqj sursrvlwlrq

jlyhv vx�flhqw frqglwlrqv iru wkhuh wr eh dq htxloleulxp zkhuh uholdeoh �upv fkrrvh orz ryhuuxq

dqg xquholdeoh �upv ehkdyh xquholdeo| dqg fkrrvh kljk ryhuuxq1

Fodlp 4=

Wkh xqltxh htxloleulxp ehkdylru ri uholdeoh �upv dqg folhqwv lv wr fkrrvh |8 @ |8 dqg |� @|� /

dv orqj dv +�� . vW+4 � ��,,+|8�|8 , A E8 dqg +�8 . +4 � vW,+4 � �8 ,,+|��|�, A E� = Wkh

xqltxh htxloleulxp ehkdylru ri xquholdeoh �upv dqg folhqwv lv wr fkrrvh |8 @ |8 dqg |� @ |� /

vxevhtxhqwo| jrlqj lqwr glvsxwh/ dv orqj dv vW+|8�|8 , ? E8 / +4�vW,+|��|�, ? E� / dqg |8

dqg |� duh erwk vx�flhqwo| forvh wr 31

Iru wkhvh frqglwlrqv wr eh mrlqwo| vdwlv�hg/ �8 dqg �� kdyh wr eh kljk hqrxjk dqg vW pxvw eh

vx�flhqwo| erxqghg dzd| iurp erwk 3 dqg 41 Li wkh �uvw frqglwlrq idlov/ l1h1/ li hlwkhu �8 ru �� lv

:



qrw odujh hqrxjk/ lw grhv qrw sd| wr eh uholdeoh dv wkh rwkhu vlgh lv yhu| olnho| wr eh xquholdeoh1

Zkhq vW lv yhu| odujh/ lw lpsolhv wkdw wkh frqwudfw lv yhu| h�hfwlyh lq sxqlvklqj xquholdeoh

ehkdylru e| �upv dqg wkhuhiruh hyhq xquholdeoh �upv zloo ehkdyh uholdeo|1 Wkh vdph krogv zkhq

vW lv yhu| vpdoo1 Lq wkh uhvw ri wkh irupdo dqdo|vlv zh zloo dvvxph wkdw wkhvh frqglwlrqv krog1

Wkh Rswlpdo Frqwudfw dqg wkh Vkdulqj ri Ryhuuxq= Wkh �up sursrvlqj wkh frqwudfw lq

rxu prgho nqrzv lw rzq w|sh/ dqg dv uhvxow wkh sursrvhg frqwudfw fdq eh xvhg dv d vljqdolqj

ghylfh1 D �up wkdw sodqv wr eh xquholdeoh zloo suhihu d frqwudfw zkhuh lw sd|v yhu| olwwoh ri wkh

ryhuuxq1 Wkhuhiruh/ e| fkrrvlqj wr devrue prvw ri wkh ryhuuxq d �up pd| eh deoh wr vljqdo

wkdw lw lv uholdeoh1 Jlyhq wkdw zh duh lq d vljqdolqj hqylurqphqw/ zh h{shfw wkdw wkhuh zloo eh

pdq| htxloleuld1 Krzhyhu/ doo vxfk htxloleuld zloo lqyroyh srrolqj ehfdxvh lq dq| vhsdudwlqj

htxloleulxp qr rqh zloo frqwudfw zlwk xquholdeoh �upv1

Dprqj wkh vhw ri srrolqj htxloleuld/ zh irfxv rq frqwudfwxdo rxwfrphv zkhuh wkh wrwdo mrlqw

vxusoxv ri d �up dqg d folhqw zkr duh erwk uholdeoh lv pd{lpl}hg1 Wklv lv dozd|v d Ed|hvldq0

Qdvk htxloleulxp +vxvwdlqhg e| wkh eholhi wkdw rqo| rssruwxqlvwv ghyldwh,1 Wkh idfw wkdw lw lv dovr

Sduhwr rswlpdo iurp wkh srlqw ri ylhz ri wkh uholdeoh w|shv pdnhv lw dq reylrxv irfdo rxwfrph1

Wklv h{suhvvlrq iru mrlqw vxusoxv lv=

Z +v> �� > �8 , @ Y � �8 |� � +4� �8 ,+4� vW+v,,+|� . |8 ,� ��|8 � +4� ��,v
W+v,+|8 . |�,=

Wkh wklug whup lq wklv h{suhvvlrq jlyhv wkh wrwdo vxusoxv wkdw lv orvw ehfdxvh lq d srrolqj

htxloleulxp d uholdeoh folhqw pxvw doorz iru wkh srvvlelolw| wkdw wkh �up lv xquholdeoh/ zkloh wkh

�iwk whup lv wkh vxusoxv wkdw lv orvw ehfdxvh wkh �up pxvw doorz iru wkh srvvlelolw| wkdw wkh folhqw

lv xquholdeoh1

Iurp wkh olqhdulw| ri wklv h{suhvvlrq lq vW lw lpphgldwho| iroorzv wkdw wkh rswlpdo frqwudfw

lv dozd|v hlwkhu d �{hg0sulfh ru d wlph dqg pdwhuldov frqwudfw +v lv hlwkhu 3 ru 4,1 Iru dq| �{hg

ohyho ri folhqw uhsxwdwlrq/ wkh pruh uhsxwhg wkh �up wkh pruh olnho| lw lv wkdw lv d wlph dqg

pdwhuldov frqwudfw1b
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Wkh h{shfwhg vkduh ri wkh ryhuuxq sdlg e| wkh dyhudjh �up zlwk uhsxwdwlrq �8 wkdw zrunv

iru d folhqw ri uhsxwdwlrq �� / lv �8 ��
+8

+8n+�
. +4 � �8 ��,v

W+v+�8 > ��,,= Lqfuhdvlqj �8 kdv wzr

h�hfwv rq wkh h{shfwhg vkduh1 Iluvw wkhuh lv dq h�hfw wkurxjk wkh fkrlfh ri wkh frqwudfw1 Vhfrqg/

nhhslqj wkh fkrlfh ri wkh frqwudfw �{hg/ wkhuh lv d phfkdqlfdo h�hfw ghulylqj iurp wkh idfw wkdw

pruh uhsxwhg �upv duh pruh olnho| wr ehkdyh uholdeo| dqg nhhs wkhlu ryhuuxq xqghu frqwuro1 Dv

d uhvxow/ wkh| hqg xs sd|lqj d vpdoohu vkduh ri wkh ryhuuxq dv orqj dv vW A
+8

+8n+�
/ zklfk lv olnho|

iru �upv zlwk orz uhsxwdwlrqv vlqfh wkh| idfh �{hg0sulfh frqwudfwv1 Qrwh/ krzhyhu/ wkdw iru yhu|

uhsxwhg �upv/ dv lw lv olnho| wkdw vW ?
+8

+8n+�
/ wkh qhw h�hfw ri dq lqfuhdvh lq uhsxwdwlrq fdq eh

wr lqfuhdvh wkhlu vkduh ri wkh ryhuuxq1

Wkh phdq ryhuuxq jhqhudwhg e| d �up ri uhsxwdwlrq �8 dqg d folhqw ri uhsxwdwlrq �� lv

�8|8 . +4� �8 ,|8 . ��|� . +4� ��,|� = Wklv lv fohduo| ghfuhdvlqj lq �8 = Ilqdoo|/ wkh vkduh ri

wrwdo ryhuuxq fdxvhg e| wkh �up lv �8 ��
+8

+8n+�
. �8 +4 � ��,

+8

+8n+�
. ��+4 � �8 ,

+8
+8n+�

. +4 �
�8 ,+4� ��,

+8
+8n+�

= Vlpsoh fdofxodwlrqv vkrz wkdw wklv h{suhvvlrq lv ghfuhdvlqj lq �8 =

Vr idu rxu uhvxowv ghvfuleh wkh h�hfw ri lqfuhdvlqj �8 > nhhslqj �� �{hg1 Krzhyhu/ rxu gdwd

grhv qrw frqwdlq phdvxuhv ri wkh folhqw*v uhsxwdwlrq1 Wkh vdph uhvxowv/ krzhyhu/ krog zlwkrxw

frqglwlrqlqj iru wkh folhqw*v uhsxwdwlrq xqghu wzr vfhqdulrv1 Wkh �uvw lv rqh zkhuh prvw folhqwv

kdyh vlplodu uhsxwdwlrqv1 Wklv lv qrw lpsodxvleoh ehfdxvh prvw folhqwv duh zhoo0hvwdeolvkhg frp0

sdqlhv1 Dowhuqdwho| zh frxog dvvxph wkdw wkhuh lv udqgrp pdwfklqj1 Wklv pd| eh sodxvleoh lq

dw ohdvw vrph fdvhv ehfdxvh folhqwv kdyh txlwh vshfl�f ghpdqgv1 Ilqglqj dq Lqgldq �up zlwk

wkh uljkw vshfldol}dwlrq wkdw fdq zrun rq wkh uhtxluhg vfkhgxoh pd| qrw dozd|v eh hdv|/ iruflqj

wkh folhqw wr fkrrvh wkh rqh �up wkdw/ e| fkdqfh/ kdsshqv wr eh dydlodeoh dw wkdw wlph1�f Xqghu

hlwkhu ri wkhvh vfhqdulrv zh kdyh
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Fodlp 5=

Ilupv zlwk d ehwwhu uhsxwdwlrq duh pruh olnho| wr kdyh wlph dqg pdwhuldov frqwudfwv1 Lq prvw

fdvhv wkh| dovr sd| iru d vpdoohu vkduh ri wkh ryhuuxq1 Wkhuh lv ohvv �up0jhqhudwhg ryhuuxq dqg

ohvv wrwdo ryhuuxq lq frqwudfwv lqyroylqj pruh uhsxwdeoh �upv1

LL181 Glvfxvvlrq

Rxu prgho |lhogv d qxpehu ri fohdu0fxw uhvxowv/ exw rqo| xqghu udwkhu vwulqjhqw frqglwlrqv1 Rqh

nh| dvvxpswlrq zdv wkdw doo �upv gr vlplodu surmhfwv1 Li �upv lq rxu prgho frxog fkrrvh wkhlu

surmhfwv/ orz uhsxwdwlrq �upv zrxog whqg wr judylwdwh wrzdugv surmhfwv zlwk orz |� hyhq dw wkh

frvw ri orzhu uhwxuqv1 Wklv lv ehfdxvh wkh| kdyh wkh prvw wr orvh li wkh folhqw plvehkdyhv1��

Wklv vxjjhvwv wkdw orz uhsxwdwlrq �upv zloo whqg wr fkrrvh surmhfwv zklfk duh vlpsoh dqg zhoo

xqghuvwrrg zkhuh wkh folhqw grhv qrw kdyh wr gr yhu| pxfk zrun wr pdnh fohdu zkdw kh zdqwv1

Ilupv wkdw vzlwfk wr d orz |� surmhfw vkrxog eh pruh zloolqj wr dffhsw d �{hg0frvw frqwudfw1

Pruhryhu/ wkh vzlwfk wr orz |� zloo whqg wr udlvh wkh iudfwlrq ri wkh ryhuuxq jhqhudwhg e| wkh

�up dqg wkhuhiruh wkh �up zloo w|slfdoo| sd| d odujhu sduw ri wkh ryhuuxq1 Doo ri wkhvh h�hfwv

jr lq wkh gluhfwlrq ri rxu suhylrxv uhvxowv1 Wrwdo ryhuuxq pd|/ krzhyhu/ qr orqjhu idoo zlwk

uhsxwdwlrq vlqfh orz uhsxwdwlrq �upv fkrrvh orz ryhuuxq surmhfwv1

Rxu prgho lv dovr olplwhg e| wkh idfw wkdw/ e| dvvxpswlrq/ frqwudfwv kdyh qr gluhfw lqfhqwlyh

h�hfwv1 Li wkh vhw ri rswlrqv idfhg e| wkh �upv dqg folhqwv zhuh ohvv glvfuhwh/ rqh zrxog lpdjlqh

wkdw frqwudfwv zrxog dovr kdyh lqfhqwlyh h�hfwv1 D kljk ydoxh ri v zrxog wkhq kdyh wkh dgglwlrqdo

h�hfw ri glvfrxudjlqj �upv iurp jhqhudwlqj yhu| kljk ohyhov ri ryhuuxq1 Dq lqfhqwlyh h�hfw ri wklv

nlqg uhlqirufhv wkh fruuhodwlrq ehwzhhq orz uhsxwdwlrq �upv dqg �{hg0sulfh frqwudfwv1 Krzhyhu/

lw dovr phdqv wkdw orz uhsxwdwlrq �upv gr qrw qhfhvvdulo| jhqhudwh pruh ryhuuxq wkdq wkhlu

pruh uhsxwdeoh frxqwhusduwv1 Wklv/ lq wxuq/ zhdnhqv wkh fruuhodwlrq ehwzhhq uhsxwdwlrq dqg

wrwdo ryhuuxq1 Lw vkrxog dovr zhdnhq wkh uhodwlrq ehwzhhq uhsxwdwlrq dqg wkh vkduh ri ryhuuxq

wkdw lv sdlg e| wkh �up1 Krzhyhu/ rqh zrxog vwloo h{shfw wklv odvw fruuhodwlrq wr eh qhjdwlyh/

dv orz uhsxwdwlrq �upv kdyh �{hg0sulfh frqwudfwv dqg wkrvh zkr kdyh �{hg0sulfh frqwudfwv sd|

iru pruh ri wkh ryhuuxq1

D jhqhudol}hg yhuvlrq ri rxu edvlf prgho wkdw doorzv iru erwk surmhfw fkrlfh dqg wkh lqfhqwlyh

h�hfw ri frqwudfwv zrxog kdyh wkh iroorzlqj suhglfwlrqv= 4, orz uhsxwdwlrq �upv zloo fkrrvh
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surmhfwv wkdw duh vlpsoh dqg hdv| wr gh�qh> 5, orz uhsxwdwlrq �upv duh pruh olnho| wr idfh

�{hg0sulfh frqwudfwv/ dqg rq dyhudjh sd| iru d kljkhu vkduh ri wkh ryhuuxq> dqg/ 6, qhlwkhu wrwdo

ryhuuxq qru wkh ryhuuxq jhqhudwhg e| wkh �up lv qhfhvvdulo| fruuhodwhg zlwk lwv uhsxwdwlrq1

Wkh frpelqdwlrq ri wkh odvw wzr suhglfwlrqv lv zkdw glvwlqjxlvkhv d prgho/ olnh rxuv/ wkdw

hpskdvl}hv lqfhqwlyh sureohpv dqg uhsxwdwlrq h�hfwv= Orz uhsxwdwlrq �upv lq rxu prgho zloo

idfh kduvkhu whupv hyhq li wkhlu dfwxdo shuirupdqfh +phdvxuhg e| ryhuuxq, lv lqglvwlqjxlvkdeoh

iurp wkdw ri kljk uhsxwdwlrq �upv1�2 Wklv lv ehfdxvh zkdw pdwwhuv lq wklv w|sh ri prgho lv qrw

zkdw �upv dfwxdoo| gr/ exw udwkhu/ zkdw wkh| frxog gr1

E| frqwudvw/ wkhrulhv zkhuh �upv duh sdlg edvhg rq shuirupdqfh/ exw qrw ehfdxvh ri frqwudfw0

lqj sureohpv ~ vwdqgdug pdujlqdo surgxfw wkhrulhv/ iru h{dpsoh ~ zrxog suhglfw d fruuhodwlrq

ehwzhhq uhsxwdwlrq dqg wkh vkduh ri ryhuuxq sdlg e| wkh �up/ rqo| li wkhuh zdv dovr d fruuhod0

wlrq ehwzhhq uhsxwdwlrq dqg ryhuuxq fdxvhg e| wkh �up +zklfk/ lq wxuq/ vxjjhvwv d fruuhodwlrq

ehwzhhq uhsxwdwlrq dqg wrwdo ryhuuxq,1�� Wkhrulhv zklfk jlyh d fhqwudo uroh wr edujdlqlqj eh0

wzhhq wkh �up dqg wkh folhqw/ iru h{dpsoh/ fdq jhqhudwh d fruuhodwlrq ehwzhhq uhsxwdwlrq dqg

wkh vkduh sdlg e| wkh �up li edujdlqlqj srzhu lv fruuhodwhg zlwk uhsxwdwlrq/ exw zrxog whqg

wr suhglfw wkh zurqj fruuhodwlrq ehwzhhq frqwudfw w|sh dqg uhsxwdwlrq1 Lqwxlwlyho|/ d �up wkdw

kdv d orw ri edujdlqlqj srzhu zloo ydoxh kdylqj d �{hg0frvw frqwudfw ohvv wkdq d �up zklfk lv lq

zhdn edujdlqlqj srvlwlrq1 Ilqdoo|/ ulvn0vkdulqj edvhg wkhrulhv zrxog whqg wr suhglfw wkh zurqj

fruuhodwlrq ehwzhhq uhsxwdwlrq dqg wkh vkduh ri wkh ryhuuxq sdlg e| wkh �up1 Ohvv uhsxwhg �upv

duh w|slfdoo| vpdoohu dqg kdyh ohvv dvvhwv/ dqg vkrxog ehdu ohvv ri wkh ulvn +ryhuuxq,1

LLL1 Ghvfulswlyh Hylghqfh

Lq wklv vhfwlrq dqg wkh iroorzlqj/ zh grfxphqw wkdw erwk wkh fhqwudo dvvxpswlrqv dqg pdlq

lpsolfdwlrqv ri rxu prgho duh frqvlvwhqw zlwk zkdw zh revhuyh lq wkh lqgxvwu|1 Wkh gdwd vhw xvhg

khuh zdv froohfwhg e| lqwhuylhzv zlwk wkh FHRv ri 458 vriwzduh �upv lq wkh wkuhh pdmru fhqwhuv
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ri vriwzduh surgxfwlrq lq Lqgld +Edqjdoruh/ Sxqh/ dqg K|ghudedg, lq wkh zlqwhu ri 4<<:04<<;1

Zh froohfwhg jhqhudo lqirupdwlrq derxw hdfk �up/ dqg vshfl�f gdwd derxw wkh odvw wzr surmhfwv

frpsohwhg e| wkh �up1 Pruh lqirupdwlrq derxw wkh gdwd froohfwlrq surfhvv lv suhvhqwhg lq wkh

dsshqgl{1

LLL141 Surmhfwv/ Hvwlpdwhv dqg Ryhuuxqv

Zh irfxv lq wklv sdshu rq frqwudfwv iru fxvwrpl}hg vriwzduh surmhfwv1 D surmhfw lv d zhoo gh�qhg

qrwlrq lq wkh lqgxvwu|1 Lw fruuhvsrqgv wr d vhw ri ixqfwlrqv wkdw wkh vriwzduh pxvw h{hfxwh1

Wkhvh ixqfwlrqv duh +riwhq orrvho|, ghvfulehg lq wkh Uhtxhvw iru Sursrvdo +UIS, vhqw e| wkh

folhqw zkhq wkh| �uvw orrn iru d �up1 Prvw surmhfwv lq wkh vdpsoh +:8 shufhqw, zhuh iru ryhuvhdv

folhqwv1 Frpprq surmhfwv lqfoxgh wkh ghyhorsphqw ri d fxvwrpl}hg dssolfdwlrq vshfl�f wr wkh

folhqw/ fxvwrpl}dwlrq ri d sdfndjh/ sruwlqj ru uhhqjlqhhulqj ri dq h{lvwlqj vroxwlrq/ dqg whvwlqj

ri h{lvwlqj vriwzduh1 Vhyhq shufhqw ri wkh surmhfwv lq wkh vdpsoh zhuh \5N surmhfwv/ dqg dqrwkhu

vl{ shufhqw zhuh rwkhu vlpsoh surmhfwv= gdwd pdqlsxodwlrq/ zhe sdjhv/ dqg FDG surmhfwv1

Lq uhvsrqvh wr wkh folhqw*v UIS/ vhyhudo �upv vxeplw sursrvdov1 Wkhq wkh folhqw fkrrvhv rqh

ri wkhvh �upv1 Hdfk sursrvdo frqwdlqv frqwudfwxdo whupv dqg dq hvwlpdwh1 Rxu xqghuvwdqglqj/

edvhg rq ghvfulswlrqv lq vwdqgdug vriwzduh pdqdjhphqw wh{werrnv +h1j1/ Suhvvpdq ^4<<:`, dqg

frqyhuvdwlrqv zlwk shrsoh lq wkh lqgxvwu|/ lv wkdw wkh hvwlpdwh lv vxssrvhg wr eh wkh �up*v ehvw

jxhvv dv wr krz pdq| krxuv zloo eh qhhghg wr frpsohwh wkh surmhfw/ dvvxplqj wkdw wkh �up*v

fxuuhqw xqghuvwdqglqj ri wkh surmhfw lv fruuhfw dqg wkdw wkh �up dgkhuhv wr lwv rzq surgxfwlylw|

qrupv1�e Wkh �up dqg wkh folhqw xqghuvwdqg wkdw erwk wkhvh dvvxpswlrqv pd| eh idovh1 Wkh

surmhfw pd| wdnh pruh h�ruw wkdq hvwlpdwhg hlwkhu ehfdxvh wkh �up wrrn wkh zurqj gluhfwlrq

rq wkh surmhfw/ ru wkh folhqw fkdqjhg klv ghpdqgv/ ru ehfdxvh surgxfwlylw| lq wkh �up zdv orzhu

wkdq lw zrxog qrupdoo| eh1 Wklv xqfhuwdlqw| lv wdnhq lqwr dffrxqw lq wkh whupv ri wkh frqwudfw

exw wkh hvwlpdwh lv vwloo d xvhixo ehqfkpdun1

Zh dvnhg wkh �up zkdw wkh lqlwldo hvwlpdwh zdv iru hdfk surmhfw1 Xvlqj d wlph0olqh uhsuh0

vhqwlqj wkh surmhfw +zklfk zh guhz rq d slhfh ri sdshu dv zh frqgxfwhg wkh lqwhuylhz,/ zh wkhq

dvnhg wkhp wr lghqwli| doo wkh vwdjhv lq wkh surmhfw zkhq wkh hvwlpdwh zdv uhylvhg dqg e| krz

pxfk +pruh ghwdlov derxw wkh surfhvv duh jlyhq lq wkh gdwd dsshqgl{,1 Ryhuuxq lv gh�qhg wr
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eh wkh gl�huhqfh ehwzhhq wkh dfwxdo h�ruw lqyroyhg lq frpsohwlqj wkh surmhfw dqg wkh hvwlpdwh1

Vhyhudo gl�huhqw txhvwlrqv zhuh dvnhg derxw wkh ohyho ri wkh ryhuuxq/ dqg zh pdgh vxuh wkdw

wkh uhvsrqghqw jdyh frqvlvwhqw dqvzhuv wr doo wkh txhvwlrqv/ surelqj klp li wkhuh zdv dq lqfrq0

vlvwhqf|1 Zh duh frq�ghqw wkdw wkh �jxuh zh rewdlqhg iru wkh ryhuuxq lv d uholdeoh phdvxuh ri

wkh gl�huhqfh ehwzhhq dfwxdo frvw dqg wkh hvwlpdwh1 Lw lv/ ri frxuvh/ srvvleoh wkdw wkh hvwlpdwh

lwvhoi zdv pdqlsxodwhg1 D kljk hvwlpdwh zrxog idyru dq xquholdeoh �up dqg d orz hvwlpdwh dq

xquholdeoh folhqw/ dqg pruhryhu wkh hvwlpdwh frxog eh xvhg iru vljqdolqj dw wkh suh0frqwudfwlqj

vwdjh1 Krzhyhu/ wkh idfw wkdw wkh folhqw jhwv vhyhudo frpshwlqj hvwlpdwhv dqg wkh idfw wkdw wkhuh

duh vwdqgdug phwkrgv dqg frpsxwhu sdfndjhv +xvhg lq 9< shufhqw ri fdvhv, iru frpsxwlqj wkh

hvwlpdwh/ pdnhv lw pxfk ohvv olnho| wkdw d �up zrxog jhw dzd| zlwk vxevwdqwldoo| pdqlsxodwlqj

wklv qxpehu +wkh hylghqfh lq Vhfwlrq LY rq wkh ohyho ri ryhuuxq dovr jlyhv xv vrph frq�ghqfh lq

wkh zd| zh xvh wkhvh qxpehuv,1

Ghvfulswlyh vwdwlvwlfv duh suhvhqwhg lq Wdeoh L1 Ryhuuxqv duh iuhtxhqw +:8 shufhqw ri wkh

fdvhv,/ odujh +56 shufhqw ri wkh hvwlpdwh rq dyhudjh,/ dqg yduldeoh +wkh vwdqgdug ghyldwlrq lv 63

shufhqw,1 Zh dvnhg wkh �upv wr uhsruw wkh uhdvrq iru wkh ryhuuxq e| dvnlqj wkhp zkdw h{dfwo|

kdsshqhg lq dv qhxwudo d zd| dv srvvleoh1 Ilupv dwwulexwh/ rq dyhudjh/ 78 shufhqw ri wkh ryhuuxq

wr fkdqjhv h{solflwo| uhtxluhg e| wkh folhqw/ d ixuwkhu 451; shufhqw wr ghod| lq wkh folhqw*v uhvsrqvh

dw fulwlfdo srlqwv/ 4<18 shufhqw wr wkhlu rzq plvxqghuvwdqglqj ri wkh vshfl�fdwlrqv ri wkh surmhfw/

dqg <14 shufhqw wr lqwhuqdo sureohpv lq wkh �up +iru h{dpsoh/ wkh orvv ri wkh surmhfw*v pdqdjhu,1

Dffruglqj wr wklv/ wkh folhqw lv uhvsrqvleoh iru 8; shufhqw ri wkh ryhuuxq rq dyhudjh +fkdqjhv dqg

ghod|v lq surylglqj fulwlfdo lqsxwv,/ dqg wkh �up iru 5< shufhqw +plvxqghuvwdqglqjv dqg lqwhuqdo

sureohpv,1

LLL151 Folhqwv dqg Frqwudfwv

Folhqwv idoo lqwr wzr fdwhjrulhv/ h{whuqdo dqg lqwhuqdo folhqwv1 Dq lqwhuqdo folhqw fdq eh wkh

�up*v prwkhu frpsdq| +dq Dphulfdq �up ru dq Lqgldq jurxs,/ ru d frpsdq| zlwk zkrp wkh

�up kdv d yhu| orqj0whup dqg rshq0hqghg uhodwlrqvkls1 Iru h{dpsoh/ vrph vriwzduh �upv kdyh

hvwdeolvkhg _R�0vkruh Vriwzduh Ghyhorsphqw Fhqwhuv% +RVGF,/ iru wkhlu iruhljq folhqwv zkhuhe|

wkh �up ghglfdwhv d sduw ri lwv r�fh dqg pdqsrzhu wr wkdw folhqw1 Hyhq lq wkh fdvh ri lqwhuqdo

folhqwv/ wkh zrun lv gh�qhg lq whupv ri surmhfwv dqg lv jryhuqhg e| d frqwudfw1 Krzhyhu/ wkh

vfrsh iru xquholdeoh ehkdylru lq wklv w|sh ri uhodwlrqvkls lv suhvxpdeo| pxfk pruh olplwhg/
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vlqfh erwk sduwlhv vkduh wkh frqwuro uljkwv1 Zh zloo wkhuhiruh ylhz wklv nlqg ri uhodwlrqvkls dv

d vxevwlwxwh iru uhsxwdwlrq1 H{fhsw iru d ihz yhu| odujh lqwhuqdo surmhfwv/ lqwhuqdo dqg h{whuqdo

surmhfwv duh vlplodu lq qdwxuh1�D Ilupv zlwk lqwhuqdo surmhfwv duh rq dyhudjh vpdoohu dqg pruh

uhfhqwo| hvwdeolvkhg wkdq rwkhu �upv1 Prvw �upv zkr zrun iru lqwhuqdo folhqwv dovr gr vrph zrun

iru h{whuqdo folhqwv1 Zh zloo xvh wklv ihdwxuh wr frqwudvw wkh ihdwxuhv ri lqwhuqdo dqg h{whuqdo

frqwudfwv1

Frqvlvwhqw zlwk wkh suhglfwlrqv ri rxu prgho/ zh revhuyh rqo| wkuhh w|shv ri frqwudfwv1 Wlph

dqg pdwhuldo frqwudfwv duh wkh ohdvw iuhtxhqw +48 shufhqw,1 Il{hg0frvw frqwudfwv duh wkh prvw

iuhtxhqw +8; shufhqw,1 Pl{hg frqwudfwv glylgh wkh surmhfw lqwr d vshfl�fdwlrq skdvh +zklfk lv

wkh �uvw dqg prvw rshq0hqghg sduw ri wkh surmhfw/ zkhuh wkh folhqw*v qhhgv duh dqdo|}hg wr

ghvljq wkh eurdg dufklwhfwxuh ri wkh slhfh ri vriwzduh,/ dqg dq h{hfxwlrq skdvh +ghvljq/ frglqj/

dqg whvwlqj,1 D vhsdudwh frqwudfw +wlph dqg pdwhuldov ru �{hg0sulfh, lv vljqhg iru hdfk sduw1

Wkh prvw iuhtxhqw frq�jxudwlrq lv d wlph dqg pdwhuldov frqwudfw iru wkh vshfl�fdwlrqv/ dqg d

�{hg0sulfh frqwudfw iru wkh h{hfxwlrq1

Dv dvvxphg lq rxu prgho/ frqwudfwv duh iuhtxhqwo| uhqhjrwldwhg/ exw gr lqghhg pdwwhu iru

wkh �qdo rxwfrph1 Wklv lv vkrzq lq Sdqho I ri Wdeoh L1 Ilupv ehdu rq dyhudjh 8: shufhqw ri

wkh ryhuuxq1 Zkhq wkh| kdyh d �{hg0sulfh frqwudfw/ wkh| ehdu rq dyhudjh 99 shufhqw ri wkh

ryhuuxq +wkh phgldq lv 433 shufhqw,1 Zkhq wkh| kdyh d wlph dqg pdwhuldov frqwudfw wkh| ehdu

rq dyhudjh 59 shufhqw ri lw +wkh phgldq lv 3 shufhqw,1 Wkh gdwd lv frqvlvwhqw zlwk rxu suhplvh

wkdw vrph �upv whqg wr sd| iru wkhlu plvwdnhv qr pdwwhu zkdw wkh frqwudfw zdv1 Hyhq zlwk

�{hg0sulfh frqwudfwv/ �upv sd| pruh +;9 shufhqw, ri wkh ryhuuxq zkhq wkh| duh ixoo| uhvsrqvleoh

iru lw wkdq zkhq wkh folhqw lv ixoo| uhvsrqvleoh iru lw +94 shufhqw,1 Wkh rughulqj lv wkh vdph iru

wlph dqg pdwhuldov frqwudfwv1

LLL161 Uhsxwdwlrq

Dv glvfxvvhg lq wkh wkhru| vhfwlrq/ zh frqvlghu wkuhh phdvxuhv ri uhsxwdwlrq= Wkh djh ri wkh �up/

wkh idfw wkdw wkh �up kdv suhylrxvo| zrunhg zlwk wkh folhqw +74 shufhqw ri wkh frqwudfwv,/ dqg

LVR fhuwl�fdwlrq +4< shufhqw ri wkh frqwudfwv,1 Lq dgglwlrq/ zh frqwudvw lqwhuqdo dqg h{whuqdo
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frqwudfwv dprqj �upv wkdw gr vrph lqwhuqdo frqwudfwv1

Suholplqdu| hylghqfh vxjjhvwv wkdw wkh sulqflsoh hpslulfdo lpsolfdwlrqv ri rxu prgho duh qrw

uhmhfwhg e| wkh gdwd1 Lq Iljxuh L/ zh sorw wkh sursruwlrq ri �{hg frvw frqwudfwv dv d ixqfwlrq ri wkh

djh ri wkh �up1 Lq Iljxuh LL/ zh sorw wkh dyhudjh vkduh ri ryhuuxq wkdw lv sdlg e| wkh �up1 Erwk

wkh sursruwlrq ri �{hg frvw frqwudfwv dqg wkh �up*v vkduh ri wkh ryhuuxq vwurqjo| ghfuhdvh zlwk

wkh djh ri wkh �up/ lq sduwlfxodu lq wkh �uvw �yh |hduv +zklfk lv frqvlvwhqw zlwk wkh suhglfwlrq wkdw

wkh pdujlqdo h�hfw ri uhsxwdwlrq ghfolqhv dv uhsxwdwlrq lqfuhdvhv,1 Wdeoh LL vkrzv wkh sursruwlrq

ri �{hg frvw frqwudfwv/ wkh �up*v vkduh ri wkh ryhuuxq/ dqg rwkhu surmhfw fkdudfwhulvwlfv iru hdfk

w|sh ri �up/ dqg wkh gl�huhqfh ehwzhhq orz dqg kljk uhsxwdwlrq �upv1 Vwdqgdug huuruv ri

wkh phdqv dqg wkh gl�huhqfh lq phdqv duh suhvhqwhg lq sduhqwkhvhv1 Lq froxpqv +4, wr +6,/

zh vkrz wkh frqwudvw ehwzhhq |rxqj �upv +fuhdwhg lq 4<<7 ru diwhu, dqg rog �upv +fuhdwhg

lq 4<<6 ru ehiruh,1 \rxqj �upv duh vljql�fdqwo| pruh olnho| wr kdyh �{hg0sulfh frqwudfwv +wkh

suredelolw| lv 59 shufhqw kljkhu,1 Wkh| dovr/ rq dyhudjh/ ehdu vxevwdqwldoo| pruh ri wkh ryhuuxq

+4< shufhqw pruh,1 Wkhvh gl�huhqfhv duh vljql�fdqw dw wkh <8 shufhqw ohyho ri frq�ghqfh1 LVR

fhuwl�hg �upv +froxpqv +7, wr +9,,/ e| frqwudvw/ duh qr ohvv olnho| wr jhw �{hg0sulfh frqwudfwv

qru wr sd| ohvv ryhuuxq wkdq rwkhu �upv1 Ilupv hqjdjhg lq d uhshdwhg uhodwlrqvkls zlwk wkhlu

folhqw duh qlqh shufhqw ohvv olnho| wkdq rwkhu �upv wr kdyh �{hg0sulfh frqwudfwv +froxpqv +:,

wr +<,,/ dowkrxjk wkh gl�huhqfh lv qrw vljql�fdqw/ dqg wkh| sd| vljql�fdqwo| ohvv ri wkh ryhuuxq

+53 shufhqw ohvv,1 Ilqdoo|/ �upv zkr kdyh lqwhuqdo frqwudfwv sd| iru pruh ri wkh ryhuuxq zkhq

wkh| ghdo zlwk h{whuqdo folhqwv wkdq zkhq wkh| ghdo zlwk lqwhuqdo folhqwv1 Doprvw kdoi ri wkhlu

h{whuqdo frqwudfwv duh �{hg0sulfh frqwudfwv/ zkhuhdv rqo| 56 shufhqw ri wkh lqwhuqdo frqwudfwv

duh �{hg0sulfh frqwudfwv1 Ilupv sd| d pxfk vpdoohu vkduh ri wkh ryhuuxq +53 shufhqw lqvwhdg ri

7: shufhqw, lq lqwhuqdo frqwudfwv wkdq lq h{whuqdo frqwudfwv1

Wklv vhw ri frqwudvwv dprqj wkh frqwudfwv dqg frqwudfwxdo rxwfrphv ri wkh gl�huhqw w|shv

ri �upv lv qrw h{sodlqhg e| reylrxv gl�huhqfhv lq �upv* ehkdylru ru delolwlhv/ dw ohdvw wr wkh

h{whqw wkdw wkhvh zrxog eh uh�hfwhg lq gl�huhqw ryhuuxqv ru gl�huhqw suredelolwlhv ri ghod|1�S Lq

Wdeoh LL/ zh suhvhqw wkh wrwdo ryhuuxq ri wkh surmhfw/ wkh wrwdo ryhuuxq gxh wr wkh �up/ dqg wkh
�S #i*@) �t U*i@h*) @? �4TLh|@?| �?_i Lu |�i �h4<t TihuLh4@?Ui� 6Lh t�4T*i ThL�iU|t ��ihi ^�@*�|) U@? Mi
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sursruwlrq ri surmhfwv zklfk zhuh gholyhuhg zlwk d ghod|1 Qrqh ri wkh gl�huhqfhv ehwzhhq kljk

dqg orz uhsxwdwlrq �upv duh vljql�fdqw1 Li dq|wklqj/ wrwdo ryhuuxqv dqg wkh suredelolw| ri ghod|

duh vrphzkdw vpdoohu iru |rxqj �upv wkdq iru rog �upv/ iru qrq0LVR �upv wkdq iru LVR �upv/

dqg iru h{whuqdo frqwudfwv wkdq iru lqwhuqdo frqwudfwv1

Zh lqwhusuhw wkhvh uhvxowv dv vkrzlqj wkdw uhsxwdwlrq +h{fhsw iru LVR fhuwl�fdwlrq, grhv

lq�xhqfh wkh zd| wkh ryhuuxqv duh vkduhg ehwzhhq wkh folhqw dqg wkh �up1 Wr frq�up wklv

lqwhusuhwdwlrq/ zh qrz wxuq wr uhjuhvvlrqv hvwlpdwhv/ zklfk doorz xv wr frqwuro iru surmhfw/ �up/

dqg folhqw fkdudfwhulvwlfv zklfk pd| kdyh lqghshqghqw h�hfwv rq erwk wkh frqwudfw dqg wkh

rxwfrph dqg pd| eh fruuhodwhg zlwk rxu phdvxuhv ri uhsxwdwlrq1

LY1 Hylghqfh iurp Uhjuhvvlrqv

LY141 Fkrlfh ri Frqwudfw

Wkh wkhru| vxjjhvwv wkdw wkhuh lv d wkuhvkrog/ vxfk wkdw zkhq wkh uhsxwdwlrq ri d �up furvvhv lw/

wkh rswlpdo frqwudfw vzlwfkhv iurp wlph dqg pdwhuldov wr �{hg0sulfh frqwudfwv1 Lq sudfwlfh/ wklv

wkuhvkrog vkrxog ydu| e| �up/ folhqw/ dqg surmhfw fkdudfwhulvwlfv/ dqg shukdsv dovr lq uhvsrqvh

wr rwkhu hqylurqphqwdo ihdwxuhv1 Wkhuhiruh/ wkh qdwxudo prgho wr hvwlpdwh lv d glvfuhwh fkrlfh

prgho1 Lq rxu vhwwlqj wkhuh duh wkuhh nlqgv ri frqwudfwv zklfk fdq eh rughuhg1 Il{hg frvw

frqwudfwv jlyh wkh prvw lqfhqwlyhv wr wkh �upv/ wlph dqg pdwhuldov frqwudfwv jlyh wkh prvw

lqfhqwlyhv wr wkh folhqwv/ dqg pl{hg frqwudfwv duh lq ehwzhhq1 Zh wkhuhiruh dvvljq d _4% wr d

�{hg0sulfh frqwudfw/ d _5% wr d pl{hg frqwudfw/ dqg d _6% wr d wlph dqg pdwhuldov frqwudfw/ dqg

hvwlpdwh dq rughuhg surelw prgho iru wkh fkrlfh ri frqwudfw1

Hpslulfdoo|/ srwhqwldo ghwhuplqdqwv ri frqwudfw fkrlfh lqfoxgh qrw rqo| uhsxwdwlrq fkdudfwhu0

lvwlfv +d gxpp| iru zkhwkhu wkh �up zdv fuhdwhg diwhu 4<<6/ d gxpp| iru zkhwkhu wkh �up kdv

zrunhg zlwk wkh folhqw lq wkh sdvw/ dqg d gxpp| iru zkhwkhu wkh �up lv LVR fhuwl�hg, exw dovr

rwkhu yduldeohv srwhqwldoo| fruuhodwhg zlwk uhsxwdwlrq/ zklfk pd| d�hfw wkh fkrlfh ri frqwudfw1

Iluvw/ li �upv dqg folhqwv zhuh ulvn0dyhuvh +lq frqwudvw wr zkdw zh dvvxph lq wkh wkhru|

vhfwlrq,/ frqwudfwv zrxog uh�hfw ulvn vkdulqj prwlyhv1 Wkh frqwudfw pd| wkhq ghshqg rq wkh

folhqw*v dqg �up*v vl}h +dv d sur{| iru wkhlu ulvn dyhuvlrq,1 Wkh lqkhuhqw xqfhuwdlqw| ri wkh

surmhfw +zklfk vkrxog eh fruuhodwhg zlwk hvwlpdwhg surmhfw vl}h/ wkh frpsoh{lw| ri wkh surmhfw/

wkh ghjuhh wr zklfk wkh �up dqg wkh folhqw duh idploldu zlwk wkh surmhfw/ hwf1, vkrxog dovr
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lq�xhqfh wkh fkrlfh ri frqwudfw1 Vlqfh wkh folhqw lv jhqhudoo| pxfk eljjhu wkdq wkh �up/ zh

pljkw h{shfw wkdw fkdudfwhulvwlfv zklfk pdnh wkh surmhfw pruh ulvn| zloo dovr pdnh lw pruh

olnho| wkdw wkh fkrvhq frqwudfw lv d wlph dqg pdwhuldov ru d pl{hg frqwudfw1

Vhfrqg/ Furnhu dqg Uh|qrogv ^4<<6` dujxh wkdw �{hg0sulfh frqwudfwv duh pruh olnho| zkhq

lw lv hdvlhu wr gudiw dq h{kdxvwlyh olvw ri uhtxluhphqwv +d frpsohwh frqwudfw,1 Wkhlu hpslulfdo

dqdo|vlv frq�upv wkhvh suhglfwlrqv1 Frqwudfwv whqg wr eh �{hg0sulfh li wkh hqjlqh lv zhoo nqrzq

ru wkh surgxfwlrq f|foh lv vkruw1 Lq rxu frqwh{w/ wklv zrxog dovr vxjjhvw wkdw wkh frqwudfw lv pruh

olnho| wr eh d wlph dqg pdwhuldov frqwudfw li wkh surmhfw lv odujh dqg li wkh duhd ri dssolfdwlrq

ru wkh sodwirup lv qrw idploldu wr wkh �up1 Zh zrxog dovr h{shfw wkdw h{wuhpho| zhoo gh�qhg

surmhfwv +vxfk dv FDG ru \5N surmhfwv, duh pruh olnho| wr kdyh �{hg0sulfh frqwudfwv1

Wr vxppdul}h/ ghqrwh e| F�S wkh w|sh ri frqwudfw rewdlqhg e| �up l lq frqwudfw f/ e| U�S wkh

yhfwru ri uhsxwdwlrq yduldeohv/ e|[�S wkh surmhfw fkdudfwhulvwlfv/ e| ]�S wkh �up*v fkdudfwhulvwlfv/

dqg e| P�S wkh folhqw*v fkdudfwhulvwlfv1 Zh hvwlpdwh wkh iroorzlqj prgho e| rughuhg surelw=�.

F�S @ �U�S . �[�S . �]�S . �P�S .  � . $�S+4,

Uhvxowv duh suhvhqwhg lq Wdeoh LLL/ froxpqv +4, dqg +5,1 D qhjdwlyh frh�flhqw rq d yduldeoh

lqglfdwhv wkdw wkh frqwudfw lv prylqj dzd| iurp wlph dqg pdwhuldov wrzdug �{hg0sulfh1 Frq0

wuroolqj iru folhqw dqg �up vl}h/ wkh folhqw*v frxqwu|/ dqg surmhfw fkdudfwhulvwlfv/ |rxqj �upv duh

vljql�fdqwo| pruh olnho| wr kdyh �{hg0sulfh frqwudfwv1 Ilupv wkdw zrun zlwk d uhshdwhg folhqw

duh pruh olnho| wr kdyh d wlph dqg pdwhuldov frqwudfw/ exw wkh gl�huhqfh lv qrw vljql�fdqw1 LVR

fhuwl�hg �upv duh pruh olnho| wr kdyh d �{hg0sulfh frqwudfw/ dowkrxjk wklv frh�flhqw lv qrw

vljql�fdqw1 Wkhvh uhvxowv frq�up wkh ghvfulswlyh vwdwlvwlfv suhvhqwhg lq Wdeoh LL1�H Lq froxpq

+5,/ zh irfxv rq �upv wkdw kdyh lqwhuqdo folhqwv1 Zkhq wkhvh �upv zrun zlwk dq lqwhuqdo folhqw/

wkh| duh vljql�fdqwo| pruh olnho| wr kdyh d wlph dqg pdwhuldov frqwudfw wkdq zkhq wkh| zrun

zlwk dq h{whuqdo folhqw1

Lqwhuhvwlqjo|/ surmhfw fkdudfwhulvwlfv gr qrw vhhp wr lq�xhqfh wkh fkrlfh ri frqwudfw1 Ilup
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dqg folhqw vl}h kdyh qr lpsdfw hlwkhu1 Wkhuh lv qr vwurqj hylghqfh wkdw ulvn vkdulqj ru wkh

gl�fxow| lq gudiwlqj wkh frqwudfw +dv lq Furfnhu dqg Uh|qrogv ^4<<6`, sod| dq lpsruwdqw uroh lq

ghwhuplqlqj wkh frqwudfw1�b

LY151 Vkduh ri wkh Ryhuuxq Sdlg E| wkh Ilup

D txdqwlwdwlyh phdvxuh ri wkh lpsruwdqfh ri uhsxwdwlrq lv rewdlqhg e| hvwlpdwlqj wkh h�hfw ri

uhsxwdwlrq rq wkh vkduh ri wkh ryhuuxq zklfk lv dfwxdoo| sdlg e| wkh �up1 Rxu prgho suhglfwv

wkdw uhsxwdwlrq lq�xhqfhv wkh vkduh ri wkh ryhuuxq sdlg e| wkh �up erwk zlwkrxw frqglwlrqlqj

rq wkh frqwudfw/ dqg srwhqwldoo| dovr diwhu frqglwlrqlqj rq wkh frqwudfw1 Zh wkhuhiruh uxq

erwk uhjuhvvlrqv1 Fohduo|/ zkhq zh gr qrw frqglwlrq iru wkh frqwudfw zh vkrxog frqwuro iru doo

wkh fkdudfwhulvwlfv wkdw d�hfw frqwudfwxdo fkrlfh1 Rqfh zh frqglwlrq rq wkh frqwudfw/ uhdol}hg

ryhuuxq dqg vkduh sdlg e| wkh �up duh mrlqwo| ghwhuplqhg1 Zh irfxv rq wkh hvwlpdwlrq ri d

uhgxfhg irup/ dv zh gr qrw kdyh lqvwuxphqwv iru xqsuhglfwhg ryhuuxq wkdw zrxog eh qhfhvvdu|

wr hvwlpdwh d vwuxfwxudo prgho1

Zh wkhuhiruh hvwlpdwh wkh prgho xvlqj d udqgrp0h�hfwv vshfl�fdwlrq prgho=

V�S @ �U�S . �[�S . �]�S . �P�S . �F�S .  � . $�S>+5,

dqg lwv htxlydohqw h{foxglqj F�S1

Wkh ghshqghqw yduldeoh ri lqwhuhvw lv phdvxuhg rqo| zkhq wkhuh lv dq ryhuuxq12f Zh kdyh

dovr hvwlpdwhg d Khfnpdq*v ^4<:<` vdpsoh vhohfwlrq prgho/ h{foxglqj wkh yhfwru ri surmhfw fkdu0

dfwhulvwlfv [�S lq Htxdwlrq 51 Wklv h{foxvlrq lv mxvwl�hg/ dv zh kdyh vhhq wkdw wkh| gr qrw suhglfw

wkh w|sh ri frqwudfw1 Zh gr qrw uhsruw wkh uhvxowv/ zklfk duh yhu| vlplodu wr wkh udqgrp0h�hfwv
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vshfl�fdwlrq12�

Uhvxowv duh suhvhqwhg lq froxpqv +6,/ +7,/ dqg +:, ri Wdeoh LLL1 \rxqj �upv sd| 48 shufhqw

pruh ri wkh ryhuuxq wkdq rog �upv1 Ilupv zklfk zrun zlwk d uhshdwhg folhqw sd| 4: shufhqw

ohvv ri wkh ryhuuxq wkdq rwkhu �upv1 Erwk ri wkhvh qxpehuv duh vljql�fdqw dw wkh <3 shufhqw

ohyho1 LVR �upv whqg wr sd| pruh ri wkh ryhuuxq wkdq qrq0LVR �upv1 Ilupv sd| 53 shufhqw

ohvv ri wkh ryhuuxq zkhq wkh| gr lqwhuqdo surmhfwv1 Eljjhu �upv/ �upv wkdw zrun zlwk d iruhljq

folhqw/ dqg �upv wkdw zrun iru d elj folhqw +d Iruwxqh 833 frpsdq|/ ru dq Lqgldq jurxs, sd|

ohvv ri wkh ryhuuxq1 Frqglwlrqdo rq wkh w|sh ri frqwudfw +froxpq +:,,/ |rxqj �upv sd| pruh ri

wkh ryhuuxq +qlqh shufhqw,/ exw wkh gl�huhqfh lv qrw vljql�fdqw1 Ilupv wkdw zrun zlwk wkh folhqw

iru wkh vhfrqg wlph sd| pruh ri wkh ryhuuxq1 Wkh gl�huhqfh lv dv odujh dv lq wkh xqfrqglwlrqdo

vshfl�fdwlrq dqg uhpdlqv vljql�fdqw1 Wkh idfw wkdw wkh djh h�hfw lv vpdoo rqfh zh frqglwlrq rq

wkh w|sh ri frqwudfw lv qrw vxusulvlqj1 Rqfh zh frqwuro iru frqwudfw w|sh/ wkh h�hfw ri djh lq rxu

edvlf prgho frphv iurp wkh idfw wkdw |rxqj �upv jhqhudwh pruh ryhuuxq +wklv lv zkdw zh fdoo wkh

phfkdqlfdo h�hfw,1 Lq wkh pruh jhqhudo prgho vxjjhvwhg lq Vhfwlrq LL18/ wkh fruuhodwlrq ehwzhhq

djh dqg �up0jhqhudwhg ryhuuxq glvdsshduv1 Dv zh zloo vhh/ wkh gdwd frq�upv wkh devhqfh ri

vxfk d fruuhodwlrq1 Wkh vwurqj h�hfw ri uhshdw frqwudfwv/ hyhq diwhu zh frqwuro iru wkh w|sh ri

frqwudfw/ lv suredeo| gxh wr dq h�hfw wkdw rxu prgho grhv qrw fdswxuh= Lq wkh uhdo zruog/ folhqwv

wkdw kdyh kdg d jrrg h{shulhqfh zlwk d �up duh pruh olnh wr ehkdyh uholdeo| vlqfh wkh| zdqw wr

uhwdlq wkh �up1 Lq rwkhu zrugv/ uholdelolw| pd| eh hqgrjhqrxv1

Zh xvh wkh idfw wkdw zh kdyh wzr revhuydwlrqv iru prvw �upv wr hvwlpdwh d �{hg0h�hfwv

prgho1 �{hg0h�hfwv zlsh rxw erwk wkh h�hfw ri wkh djh ri wkh �up dqg wkh h�hfw ri zkhwkhu lw lv

dq LVR �up/ wkxv doorzlqj xv wr orrn pruh forvho| dw wkh h�hfw ri ehlqj lq d uhshdwhg frqwudfw1

Vshfl�fdoo|/ lw doorzv xv wr fkhfn zkhwkhu wklv h�hfw lv vsxulrxvo| jhqhudwhg e| wkh idfw wkdw ehwwhu

�upv sd| ohvv ri wkh ryhuuxq dqg duh pruh olnho| wr zrun djdlq zlwk wkh vdph folhqw1 Lw dovr

jlyhv xv ehwwhu hvwlpdwhv ri wkh h�hfw ri lqwhuqdo frqwudfwv dqg rwkhu fkdudfwhulvwlfv1 Froxpqv +8,

dqg +;, suhvhqwv uhvxowv iru uhshdwhg frqwudfwv1 Qrw vxusulvlqjo|/ wkh �{hg0h�hfwv vshfl�fdwlrq lv

pxfk pruh qrlv| wkdq wkh udqgrp0h�hfwv vshfl�fdwlrq1 Krzhyhu/ wkh srlqw hvwlpdwh ri wkh h�hfw

ri zrunlqj zlwk d uhshdwhg folhqw lv sudfwlfdoo| xqd�hfwhg +053 shufhqw lqvwhdg ri 04: shufhqw,122
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Wkh h�hfw ri zrunlqj zlwk dq lqwhuqdo folhqw rq wkh vkduh ri wkh ryhuuxq/ vkrzq lq froxpq +9,/

lv eljjhu lq wkh �{hg0h�hfwv vshfl�fdwlrq wkdq lq wkh udqgrp0h�hfwv vshfl�fdwlrq1

LY161 Ryhuuxqv dqg Surmhfw Fkdudfwhulvwlfv

Dq dowhuqdwlyh lqwhusuhwdwlrq ri rxu uhvxowv frxog eh wkdw vrph fkdudfwhulvwlf ri wkh �up/ xq0

revhuyhg e| xv/ exw nqrzq wr wkh folhqw +vd|/ wkh txdolw| ri wkh �up, lv fruuhodwhg erwk zlwk

wkh fkrlfh ri frqwudfw +h1j1/ jrrg �upv jhw wlph dqg pdwhuldov frqwudfwv, dqg zlwk rxu phdvxuhv

ri uhsxwdwlrq1 Krzhyhu/ dv zh kdyh glvfxvvhg lq wkh wkhru| vhfwlrq/ wklv fodvv ri h{sodqdwlrqv

zrxog lpso| d fruuhodwlrq ehwzhhq wkh shuirupdqfh ri wkh �up dqg lwv uhsxwdwlrq1 Lq frqwudvw

rxu prgho/ lq lwv pruh jhqhudo irup/ vxjjhvwv wkdw wkhuh fdq eh d fruuhodwlrq ehwzhhq wkh frq0

wudfwxdo rxwfrphv dqg wkh uhsxwdwlrq ri wkh �up/ hyhq lq wkh devhqfh ri dq| olqn ehwzhhq wkh

shuirupdqfh ri wkh �up dqg lwv uhsxwdwlrq1

Wkhuhiruh/ zh hvwlpdwh htxdwlrqv vlplodu wr Htxdwlrq 5 exw zlwk d phdvxuh ri �up shuiru0

pdqfh ~ vxfk dv wrwdo ryhuuxq +dv d shufhqwdjh ri wkh lqlwldo hvwlpdwh,/ ryhuuxq jhqhudwhg e|

wkh �up/ dqg ghod| dv wkh ghshqghqw yduldeohv1 Wr vdyh vsdfh/ zh uhsruw rqo| udqgrp0h�hfwv

hvwlpdwhv1 Il{hg0h�hfwv srlqw hvwlpdwhv duh vlplodu1

Uhvxowv duh suhvhqwhg lq froxpqv +4, wr +8, ri Wdeoh LY1 Qhlwkhu folhqw ryhuuxq qru ryhuuxq

gxh wr wkh �up duh fruuhodwhg zlwk wkh uhsxwdwlrq ri wkh �up1 Wkh| duh qrw fruuhodwhg zlwk

folhqw dqg �up fkdudfwhulvwlfv hlwkhu/ exw duh fruuhodwhg zlwk vrph ri wkh surmhfw fkdudfwhulvwlfv1

Vkruwhu surmhfwv kdyh vpdoohu ryhuuxqv lq shufhqwdjh whupv/ dv gr surmhfwv zkhuh wkh sodwirup

lv idploldu wr wkh �up dqg vlpsoh surmhfwv vxfk dv \5N ru FDG surmhfwv1 Wkh frh�flhqwv rq

uhsxwdwlrq dv zhoo dv wkrvh fruuhvsrqglqj wr �up/ folhqw/ dqg surmhfw fkdudfwhulvwlfv duh vlplodu

luuhvshfwlyh ri zkhwkhu ru qrw zh frqwuro iru wkh frqwudfw1 Lqwhuhvwlqjo|/ lq wkh furvv vhfwlrq/ wrwdo

ryhuuxq +exw qrw wkh ryhuuxq jhqhudwhg e| wkh �up, vhhpv wr eh eljjhu lq �{hg0frvw frqwudfwv1

Li/ shukdsv dv vxjjhvwhg e| Furfnhu dqg Uh|qrogv ^4<<6`/ wlph dqg pdwhuldov frqwudfwv zhuh

dvvrfldwhg zlwk ohvv h�ruw ehlqj sxw lqwr wkh suh0frqwudfwlqj vwdjh/ rqh zrxog kdyh h{shfwhg wkh

rssrvlwh wr krog1 Wkh dvvrfldwlrq krzhyhu glvdsshduv lq wkh �{hg0h�hfwv uhjuhvvlrq1 Zh dovr

�qg wkdw surmhfw ghod| lv qrw v|vwhpdwlfdoo| dvvrfldwhg zlwk uhsxwdwlrq1

Ilqdoo|/ zh h{dplqh zkhwkhu wkh fkrlfh ri surmhfwv lv lq�xhqfhg e| d �up*v uhsxwdwlrq1 Rqfh

zh frqwuro iru vl}h/ |rxqj �upv gr qrw whqg wr gr vkruwhu surmhfwv +froxpq +9,,1 Krzhyhu/

MiUL4i ?i}@|��i�
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frqvlvwhqw zlwk rxu prgho/ wkh| gr pruh \5N surmhfwv +froxpq +:,,/ dqg wkhlu surmhfwv duh/

dffruglqj wr wkhlu rzq dvvhvvphqw/ vlpsohu +froxpq +;,,12�

Y1 Frqfoxvlrq

Zh vhw rxw lq wklv sdshu wr orrn iru hylghqfh wkdw uhsxwdwlrq sod|v dq lpsruwdqw uroh lq

ghwhuplqlqj frqwudfwxdo rxwfrphv1 Zh dujxh wkdw wkh hylghqfh vwurqjo| vxssruwv wklv ylhz/

dowkrxjk jlyhq wkdw zh gr qrw gluhfwo| revhuyh shrsoh pdnlqj xvh ri uhsxwdwlrq/ dqg wkdw wkhuh

duh lpsruwdqw xqrevhuydeohv wkdw pljkw d�hfw rxu hvwlpdwhv/ vrph grxewv fohduo| uhpdlq1

Wkh frqfoxvlrq wkdw uhsxwdwlrq pdwwhuv lv ri frxuvh lpsruwdqw/ iru lw jlyhv vxssruw wr d udqjh

ri wkhrulhv wkdw duh edvhg rq olplwdwlrqv ri frqwudfwlqj1 Pruhryhu/ lw pljkw vxjjhvw sduw ri wkh

h{sodqdwlrq dv wr zk| wkh Lqgldq vriwzduh lqgxvwu| lv qrw pxfk odujhu +Lqgldq vriwzduh h{sruwv

zhuh rqo| zruwk 617 shufhqw ri wkh 4<<8 zruogzlgh rxwvrxuflqj exvlqhvv, ghvslwh lwv reylrxv

oderu0frvw dgydqwdjh2e dqg wkh idfw wkdw lw lv d yhu| oderu0lqwhqvlyh lqgxvwu|1 Uhsxwdwlrq dw wkh

�up ohyho lv rqh srvvleoh uhdvrq1 Prvw Lqgldq �upv duh vlpso| qrw wuxvwhg hqrxjk wr eh jlyhq

lpsruwdqw frqwudfwv1 Zkloh rxu hylghqfh fdqqrw gluhfwo| vxevwdqwldwh wklv ylhz/ wkh idfw wkdw

uhsxwdwlrq lv lpsruwdqw zlwklq wkh Lqgldq lqgxvwu| vxjjhvwv wkdw lw pd| dovr eh lpsruwdqw zkhq

dq Dphulfdq folhqw lv ghflglqj zkhwkhu wr jr wr d �up lq Lqgld ru wr rqh lq wkh X1V1 Wkh lqgxvwu|

fohduo| uhfrjql}hv wklv1 Zkhq zh vxuyh|hg wkh �upv/ wkh dvvrfldwlrq ri vriwzduh h{sruwhuv dqg

wkh jryhuqphqw zhuh dfwlyho| vxssruwlqj wkh �upv wr dftxluh LVR fhuwl�fdwlrq dv d zd| ri

lpsurylqj wkhlu uhsxwdwlrq1 Dv zh vkrz/ dqg dv wkh| kdyh frph wr uhdol}h/ LVR fhuwl�fdwlrq lv

qrw dq h�hfwlyh vrxufh ri uhsxwdwlrq1 Wkh dvvrfldwlrq ri vriwzduh surgxfhuv kdv qrz vzlwfkhg wr

uhfrpphqglqj d frpshwlqj vwdqgdug +fdoohg VHL,/ vshfl�f wr wkh vriwzduh lqgxvwu|1 Rxu uhvxowv

dovr vxjjhvw wkdw wkh lqgxvwu| pljkw ehqh�w iurp wkh hvwdeolvkphqw ri d fuhgleoh v|vwhp iru

udwlqj �upv prghohg rq fuhglw udwlqj v|vwhpv/ e| pdnlqj lw srvvleoh iru wkh pdunhw wr h�flhqwo|

djjuhjdwh doo wkdw lv nqrzq derxw hdfk �up1

2� ì @t!i_ |�i �h4t |L ThL��_i @** |�i 4i|h�Ut |�@| �ihi hi*i�@?| |L |�i ThL�iU|G *�?i Lu UL_itc ?�4Mih

Lu 4L_�*itc Lu tUhii?tc i|U� �u|ih |��t �i @t!i_ |�i4G A@!�?} i�ih)|��?} �?|L @UUL�?|c �L� �L�*_ )L� h@|i |�i

UL4T*i �|) Lu |�i ThL�iU| EL? @ tU@*i Lu � |L D�q A�i _iTi?_i?| �@h�@M*i �? UL*�4? EH� �t |��t t�M�iU|��i 4i@t�hi�
2e A�i N�5� �4TLh|t @ �ih) *@h}i ?�4Mih Lu W?_�@? tLu|�@hi ThLuitt�L?@*t uLh t�Lh|�|ih4 @tt�}?4i?|t @| @

ULt| Lu 4Lhi |�@? |��Ui ��@| |�i) �L�*_ i@h? �? W?_�@�
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Wkh gdwd vhw xvhg lq wklv sdshu zdv froohfwhg e| rqh ri wkh dxwkruv gxulqj wkh shulrg ri Qryhpehu

48/ 4<<:/ wr Iheuxdu| 48/ 4<<;1 Wkh vxuyh| lqvwuxphqw zdv ghyhorshg diwhu h{whqvlyh frqyhu0

vdwlrqv zlwk phpehuv ri wkh vriwzduh lqgxvwu| lq Edqjdoruh gxulqj wkh suhfhglqj vxpphu/ dqg

suh0whvwhg rq whq �upv ehiruh wkh dfwxdo vxuyh| ehjdq1 Wkh vdpsoh iudph zdv wkh olvw ri �upv

ehorqjlqj wr wkh jryhuqphqw h{sruwlqj rujdql}dwlrq +wkh Vriwzduh Whfkqrorj| Sdun,1 Doprvw

doo h{sruwlqj �upv ehorqj wr wklv rujdql}dwlrq1 Zh h{foxghg 433 shufhqw zkroo|0rzqhg vxevl0

glhv ri odujh X1V1 �upv +Plfurvriw/ DW)W/ Khzohww0Sdfndug/ hwf1,/ dv zhoo dv wkh odujhvw Lqgldq

�upv +WFV/ Zlsur/ Lqirv|v,1 Zh lqwhuylhzhg kdoi ri wkh uhpdlqlqj �upv1 Zh slfnhg wkh �upv

udqgrpo| +lq doskdehwlfdo rughu/ vnlsslqj ryhu rqh �up dw d wlph,1 Zh frqwdfwhg wkh �upv e|

whohskrqh dqg duudqjhg dq dssrlqwphqw zlwk wkh FHR/ xvxdoo| lq wkh iroorzlqj zhhn1

Wkh uhvsrqvh udwh zdv h{fhoohqw1 Qr FHR zkrp zh frqwdfwhg uhixvhg wr phhw zlwk xv1 Lq

Edqjdoruh/ zkhuh zh vshqw wkh orqjhvw shulrg ri wlph/ doo wkh lqwhuylhzv zhuh duudqjhg1 Lq wkh

rwkhu fhqwhuv/ zh kdg wr uhsodfh d ihz �upv gxh wr xqdydlodelolw| ri wkh FHR ru dqrwkhu vhqlru

shuvrq gxulqj wkh wlph zh vshqw wkhuh1 Dowkrxjk qrq0dydlodelolw| lv lq sulqflsoh qrw udqgrp/

zh eholhyh wkdw wklv zdv qrw d elj hqrxjk sureohp wr vljql�fdqwo| d�hfw wkh udqgrpqhvv ri wkh

vdpsoh1 Wkh wrwdo vdpsoh frqvlvwhg ri 458 �upv dqg 563 frqwudfwv1

Wkh lqwhuylhz zdv frqgxfwhg zlwk wkh FHR lq prvw fdvhv/ ru zlwk dqrwkhu vhqlru shuvrq lq

wkh �up1 Zh froohfwhg jhqhudo lqirupdwlrq derxw wkh �up/ dqg vshfl�f lqirupdwlrq derxw wkh

odvw wzr surmhfwv frpsohwhg e| wkh �up xvlqj d vwuxfwxuhg txhvwlrqqdluh/ dydlodeoh rq rxu zhe

sdjhv1 Wkh lpsruwdqw olplwdwlrq lv wkdw zh frxog qrw froohfw suhflvh lqirupdwlrq rq wkh folhqw/

gdwd sur�wv/ ru sulfh fkdujhg shu pdq0prqwkv e| wkh �up1 Wkh surmhfw pdqdjhuv lqyroyhg lq wkh

wzr surmhfwv glvfxvvhg zhuh riwhq suhvhqw dv zhoo/ ru frqwdfwhg e| whohskrqh iru fodvvl�fdwlrqv1

Wkh lqwhuylhzv odvwhg iurp dq krxu wr dq krxu dqg d kdoi1

Wkh �uvw sduw ri wkh txhvwlrqqdluh zdv vwudljkwiruzdug dqg zdv dqvzhuhg e| wkh uhvsrqghqw

zlwkrxw dq| qhhg iru yhul�fdwlrq1 Wkh surmhfw vshfl�f lqirupdwlrq zdv hlwkhu uhfdoohg e| wkh

uhvsrqghqw ru fkhfnhg iurp uhfrugv1 Wkh surmhfwv kdg ehhq frpsohwhg yhu| uhfhqwo|/ dqg wkh

lqirupdwlrq zh froohfwhg lv sduw ri wkh gdwd urxwlqho| froohfwhg e| wkh �upv lq wkh frxuvh ri wkh

surmhfw1 Wkh| wkhuhiruh kdg qr gl�fxow| dqvzhulqj wkhvh txhvwlrqv1

Wr idflolwdwh wkh lqwhuylhz dqg rewdlq frpsdudeoh dqvzhuv iurp �up wr �up dw hdfk lqwhuylhz/
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dv zh zhuh frqgxfwlqj wkh lqwhuylhz zh guhz d wlph0olqh uhsuhvhqwlqj wkh gl�huhqw skdvhv ri wkh

surmhfw +sursrvdo/ vshfl�fdwlrqv/ ghyhorsphqw,1 Zh xvhg wkh wlph0olqh wr dvn wkhp zkdw wkh

lqlwldo hvwlpdwh zdv/ zkhq lw zdv uhylvhg +diwhu wkh vshfl�fdwlrqv/ dw zkdw srlqw lq wkh surmhfw,/

dqg zkdw wkh dfwxdo h�ruw zdv1 Vhyhudo txhvwlrqv fdq eh xvhg wr ghwhuplqh wkh dfwxdo dprxqw ri

wkh ryhuuxqv1 Iluvw/ zh dvnhg wkhp krz wkh dfwxdo �jxuh frpsduhg zlwk wkh hvwlpdwh +pdnlqj

vxuh zkhwkhu wkh| uhihuuhg wr wkh odvw hvwlpdwh ru wkh lqlwldo hvwlpdwh,/ dqg wkh uhdvrqv iru wkhvh

fkdqjhv1 Vhfrqg/ zh dvnhg wkhp vhsdudwho| zkhwkhu wkhuh zdv dq| ghod| gxh wr wkh folhqw/ dq|

ghod| gxh wr lqwhuqdo gl�fxow|/ dqg dq| uhtxhvw iru fkdqjhv +dqg zkhq,1 Lq wkh frxuvh ri dvnlqj

wkhvh txhvwlrqv/ zh dovr dvnhg wkhp zkhwkhu wkhuh zdv dq| ryhuuxq gxh wr hdfk ri wkhvh uhdvrqv/

dqg zh pdgh vxuh wkdw wkh qxpehuv fruuhvsrqghg wr zkdw wkh| kdg wrog xv ehiruh1 Li wkh| glg

qrw/ zh surehg xqwlo zh uhdfkhg frqvlvwhqf| +zklfk zdv xvxdoo| hdvlo| grqh,1

Pdvvdfkxvhwwv Lqvwlwxwh ri Whfkqrorj|1

Pdvvdfkxvhwwv Lqvwlwxwh ri Whfkqrorj|1
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^4` Edmdul/ Sdwulfn/ dqg Vwhyhq Wdgholv/ _Surfxuhphqw Frqwudfwv= Il{hg Sulfh yv1 Frvw Soxv/%

Plphr/ Vwdqirug Xqlyhuvlw|/ 4<<<1

^5` Furfnhu/ Nhlwk/ dqg Nhqqhwk Uh|qrogv/ _Wkh H�flhqf| ri Lqfrpsohwh Frqwudfwv= Dq Hp0

slulfdo Dqdo|vlv ri Dlu Irufh Hqjlqh Surfxuhphqw/% UDQG Mrxuqdo ri Hfrqrplfv/ [[LY

+4<<6,/ 45:04791

^6` Gldprqg/ Grxjodv Z1/ _Uhsxwdwlrq Dftxlvlwlrq lq Ghew Pdunhwv/%

Mrxuqdo ri Srolwlfdo Hfrqrp|/ [FYLL +4<;<,/ ;5;0;951

^7` Idpd/ Hxjhqh I1/ _Djhqf| Sureohpv dqg wkh Wkhru| ri wkh Ilup/%

Mrxuqdo ri Srolwlfdo Hfrqrp|/ O[[[YLLL +4<;3,/ 5;;063:1

^8` Khfnpdq/ Mdphv/ _Vdpsoh Vhohfwlrq Eldv dv d Vshfl�fdwlrq Huuru/% Hfrqrphwulfd [OYLL

+4<:<,/ 48604941

^9` Kropvwurp/ Ehqjw/ _Prudo Kd}dug lq Whdpv/% Ehoo Mrxuqdo ri Hfrqrplfv/ [LLL +4<;5,/ 6570

731

^:` Ndqgrul/ Plfklklur/ _Vrfldo Qrupv dqg Frppxqlw| Hqirufhphqw%

Uhylhz ri Hfrqrplfv Vwxglhv OL[ +4<<5,/ 960;31

^;` PfPloodq/ Mrkq/ dqg Fkulvwrskhu Zrrgux�/ _Lqwhu�up Uhodwlrqvklsv dqg Lqirupdo Fuhglw

lq Ylhwqdp/% Txduwhuo| Mrxuqdo ri Hfrqrplfv/ F[LY +4<<<,/ 45;8046531

^<` Suhvvpdq/ Urjhu V1/ Vriwzduh Hqjlqhhulqj/ D Sudfwlwlrqhu*v Dssurdfk/ 7wk hglwlrq/ +Qhz

\run/ Q\= PfJudz0Kloo Frpsdqlhv/ 4<<9,1

^43` Wluroh/ Mhdq/ _D Wkhru| ri Froohfwlyh Uhsxwdwlrqv +zlwk Dssolfdwlrqv wr wkh Shuvlvwhqfh ri

Fruuxswlrq dqg wr Ilup Txdolw|,/% Uhylhz ri Hfrqrplf Vwxglhv/ O[LL +4<<9,/ 40551
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Wkh gdwd vhw xvhg lq wklv sdshu zdv froohfwhg e| rqh ri wkh dxwkruv gxulqj wkh shulrg ri Qryhpehu

48/ 4<<: wr Iheuxdu| 48/ 4<<;1 Wkh vxuyh| lqvwuxphqw zdv ghyhorshg diwhu h{whqvlyh frqyhuvd0

wlrqv zlwk phpehuv ri wkh vriwzduh lqgxvwu| lq Edqjdoruh gxulqj wkh suhfhglqj vxpphu/ dqg

suh0whvwhg rq whq �upv ehiruh wkh dfwxdo vxuyh| ehjdq1 Wkh vdpsoh iudph zdv wkh olvw ri �upv

ehorqjlqj wr wkh jryhuqphqw h{sruwlqj rujdql}dwlrq +wkh Vriwzduh Whfkqrorj| Sdun,1 Doprvw doo

h{sruwlqj �upv ehorqj wr wkh rujdql}dwlrq1 Zh h{foxghg 433( zkroo| rzqhg vxevlglhv ri odujh

X1V1 �upv +Plfurvriw/ DW)W/ Khzohww Sdfndug/ hwf1,/ dv zhoo dv wkh odujhvw Lqgldq �upv +WFV/

Zlsur/ Lqirv|v,1 Zh lqwhuylhzhg kdoi ri wkh uhpdlqlqj �upv1 Zh slfnhg wkh �upv udqgrpo| +lq

doskdehwlfdo rughu/ vnlsslqj ryhu rqh �up dw d wlph,1 Zh frqwdfwhg wkh �upv e| whohskrqh/ dqg

duudqjhg dq dssrlqwphqw zlwk wkh FHR/ xvxdoo| lq wkh iroorzlqj zhhn1

Wkh uhvsrqvh udwh zdv h{fhoohqw1 Qr FHR zkrp zh frqwdfwhg uhixvhg wr phhw zlwk xv1 Lq

Edqjdoruh/ zkhuh zh vshqw wkh orqjhvw shulrg ri wlph/ doo wkh lqwhuylhzv zhuh duudqjhg1 Lq wkh

rwkhu fhqwhuv/ zh kdg wr uhsodfh d ihz �upv gxh wr xqdydlodelolw| ri wkh FHR ru dqrwkhu vhqlru

shuvrq gxulqj wkh wlph zh vshqw wkhuh1 Dowkrxjk qrq0dydlodelolw| lv lq sulqflsoh qrw udqgrp/

zh eholhyh wkdw wklv zdv qrw d elj hqrxjk sureohp wr vljql�fdqwo| d�hfw wkh udqgrpqhvv ri wkh

vdpsoh1 Wkh wrwdo vdpsoh frqvlvwhg ri 458 �upv dqg 563 frqwudfwv1

Wkh lqwhuylhz zdv frqgxfwhg zlwk wkh FHR lq prvw fdvhv/ ru zlwk dqrwkhu vhqlru shuvrq lq

wkh �up1 Zh froohfwhg jhqhudo lqirupdwlrq derxw wkh �up/ dqg vshfl�f lqirupdwlrq derxw wkh

odvw wzr surmhfwv frpsohwhg e| wkh �up xvlqj d vwuxfwxuhg txhvwlrqqdluh/ dydlodeoh rq rxu zhe

sdjhv1 Wkh lpsruwdqw olplwdwlrq lv wkdw zh frxog qrw froohfw suhflvh lqirupdwlrq rq wkh folhqw/

gdwd sur�wv/ ru sulfh fkdujhg shu pdq0prqwkv e| wkh �up1 Wkh surmhfw pdqdjhuv lqyroyhg lq wkh

wzr surmhfwv glvfxvvhg zhuh riwhq suhvhqw dv zhoo/ ru frqwdfwhg e| whohskrqh iru fodvvl�fdwlrqv1

Wkh lqwhuylhzv odvwhg dq krxu wr dq krxu dqg d kdoi1

Wkh �uvw sduw ri wkh txhvwlrqqdluh zdv vwudljkwiruzdug dqg zdv dqvzhuhg e| wkh uhvsrqghqw

zlwkrxw dq| qhhg iru yhul�fdwlrq1 Wkh surmhfw vshfl�f lqirupdwlrq zdv hlwkhu uhfdoohg e| wkh

uhvsrqghqw ru fkhfnhg iurp uhfrugv1 Wkh surmhfwv kdg ehhq frpsohwhg yhu| uhfhqwo|/ dqg wkh

lqirupdwlrq zh froohfwhg lv sduw ri wkh gdwd urxwlqho| froohfwhg e| wkh �upv lq wkh frxuvh ri wkh

surmhfw1 Wkh|/ wkhuhiruh/ kdg qr gl�fxow| dqvzhulqj wkhvh txhvwlrqv1

Wr idflolwdwh wkh lqwhuylhz dqg rewdlq frpsdudeoh dqvzhuv iurp �up wr �up dw hdfk lqwhuylhz/
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dv zh zhuh frqgxfwlqj wkh lqwhuylhz zh guhz d wlph olqh uhsuhvhqwlqj wkh gl�huhqw skdvhv ri wkh

surmhfw +sursrvdo/ vshfl�fdwlrqv/ ghyhorsphqw,1 Zh xvhg wkh wlph olqh wr dvn wkhp zkdw wkh

lqlwldo hvwlpdwh zdv/ zkhq lw zdv uhylvhg +diwhu wkh vshfl�fdwlrqv/ dw zkdw srlqw lq wkh surmhfw,/

dqg zkdw wkh dfwxdo h�ruw zdv1 Vhyhudo txhvwlrqv fdq eh xvhg wr ghwhuplqh wkh dfwxdo dprxqw ri

wkh ryhuuxqv1 Iluvw/ zh dvnhg wkhp krz wkh dfwxdo �jxuh frpsduhg zlwk wkh hvwlpdwh +pdnlqj

vxuh zkhwkhu wkh| uhihuuhg wr wkh odvw hvwlpdwh ru wkh lqlwldo hvwlpdwh,/ dqg wkh uhdvrqv iru wkhvh

fkdqjhv1 Vhfrqg/ zh dvnhg wkhp vhsdudwho| zkhwkhu wkhuh zdv dq| ghod| gxh wr wkh folhqw/ dq|

ghod| gxh wr lqwhuqdo gl�fxow|/ dqg dq| uhtxhvw iru fkdqjhv +dqg zkhq,1 Lq wkh frxuvh ri dvnlqj

wkhvh txhvwlrqv/ zh dovr dvnhg wkhp zkhwkhu wkhuh zdv dq| ryhuuxq gxh wr hdfk ri wkhvh uhdvrqv/

dqg zh pdgh vxuh wkdw wkh qxpehuv fruuhvsrqghg wr zkdw wkh| kdg wrog xv ehiruh1 Li wkh| glg

qrw/ zh surehg xqwlo zh uhdfkhg frqvlvwhqf| +zklfk zdv xvxdoo| hdvlo| grqh,1
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TABLE I
Descriptive statistics

Internal
projects

Mean Median Standard Mean
deviation

(1) (2) (3) (4)

Number of observations 167 57

PANEL A: PROJECT CHARACTERISTICS
Project size (man months) 75 27 141 207
Application area is familiar to the firm 0.68 1 0.47 0.69
Platform is familiar to the firm 0.90 1 0.30 0.93
Programming tools are familiar to the firm 0.87 1 0.34 0.84
Y2K,CAD, Web pages 0.14 0 0.35 0.07

PANEL B: REPUTATION
Founded 1993 or later 0.43 0 0.50 0.57
ISO certification 0.19 0 0.39 0.14
Worked with the client in the past 0.41 0 0.49 0.83

PANEL C: SOFTWARE FIRMS AND CLIENTS
Number of employees in the software firm 147 60 279 153
Client is a fortune 500 company or an Indian group 0.55 1 0.50 0.28
Client is an Indian firm 0.22 0 0.42 0.01

PANEL D: OVERRUNS
Project cost >estimate 0.75 1 0.43 0.70
(overrun)
Project cost <estimate 0.02 0 0.15 0.10
(underrun)

Total overrun (percent of project cost) 23 15 30 27
Percent of overrun due to the client: 58 50 43 58

-Changes 45 50 43 47
-Client’s delay 13 0 26 11

Percent of overrun due to the firm: 29 0 43 11
-Ambiguity in specifications 20 0 34 20

-Internal difficulties 9 0 25 -9

PANEL E: CONTRACTS (proportion)
Fixed cost contracts 0.58 1 0.49 0.23
Mixed contracts 0.26 0 0.44 0.07
Time and material contracts 0.15 0 0.36 0.67

PANEL F: SHARE OF OVERRUN PAID BY THE FIRM (percent)
All contracts 57 77 45 20
Fixed cost contracts 66 100 44 45
Time and material contracts 28 0 39 8
Fixed cost contract, firm responsible 86 100 33 no obs.
Fixed cost contracts, client responsible 61 100 46 45

External Projects



TABLE II
 Descriptive statistics, by reputation 

Firm foundation date ISO 9001 certification Relationship with the client
> 1993 <=1993 Difference No Yes Difference New client Repeated Difference External Internal Difference

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Proportion of fixed cost 0.73 0.47 0.26* 0.59 0.53 0.061 0.62 0.53 0.087 0.45 0.23 0.22*
contracts (0.053) (0.052) (0.089) (0.042) (0.090) (0.12) (0.049) (0.061) (0.092) (0.061) (0.051) (0.080)

Share of overrun 68.6 49.3 19.4* 56.9 57.8 -0.98 64.2 44.2 20* 46.7 20.2 26.6*
paid for by the firm (5.16) (6.25) (8.10) (4.59) (8.84) (10.4) (4.94) (6.73) (8.27) (6.36) (5.82) (8.67)

Mean of overrun 19.9 24.8 4.9 20.1 33.75 13.65 23.3 22.02 1.28 15.9 4.4 -11.5
(precent of initial estimate) (2.84) (2.65) (5.16) (1.89) (6.10) (8.64) (2.59) (2.86) (4.84) (2.55) -4.21 (5.92)

Overrun caused by 7.52 7.03 0.49 6.97 10.9 -3.90 8.19 7.04 1.15 4.61 7.46 -2.85
the firm (2.34) (1.28) (3.18) (1.32) (3.24) (4.24) (1.81) (1.49) (3.39) (1.64) (2.86) (4.61)

Project late 0.15 0.23 -0.074 0.18 0.28 -0.10 0.22 0.17 0.06 0.18 0.20 -0.02
(0.043) (0.043) (0.062) (0.03) (0.081) (0.078) (0.042) (0.045) (0.063) (0.047) (0.049) (0.068)

Standard errors are in parentheses. The standard errors of the differences in means are corrected for clustering at the firm level. A star indicates that the difference is 
statistically different from 0 at 95 percent level of confidence.

Firms which have internal
projects

Type of project

External contracts 



TABLE III
Regression results: Choice of contracts and share of overrun paid by the firm

Random Fixed 
effect effect

(1) (2) (3) (4) (5) (6) (7) (8)
Reputation
Young firm -0.69* 15* 9.0

(0.25) (8.5) (8.6)
Repeated contract 0.22 -17* -20 -15* -19

(0.24) (8.8) (16) (8.7) (17)
ISO certified firm -0.27 17 16

(0.32) (13) (13)
Internal project 0.87* -25* -64*

(0.31) (11) (26)
Contract 13 12
Fixed cost contract (9.4) (25)

-12 15
Time and material contract (13) (34)

Firm and client characteristics
number of employees (/100) 0.44 -0.44 -4.1 -2.4 -4.8

(0.98) (1.1) (7.7) (5.0) (4.5)
Client is big 0.15 -0.18 -17 -13 -16 -40 16 -16

(0.22) (0.30) (8.5) (10) (16) (32) (8.3) (16)
Client is Indian -0.43* -0.76 13 23 -46* 14 9.3 -45*

(0.27) (0.63) (9.5) (18) (20) (41) (9.5) (21)
Project characteristics
Estimated project size 0.01 0.00 -0.12 0.35 -2.4 2.1 -0.13 -2.1
(man months/10) (0.017) (0.011) (7.7) (.38) (1.9) (2.6) (0.76) (2.0)
Area is familiar 0.08 0.09 -9.0 -4.0 18.9 -1.5 -6.3 16

(0.25) (.027) (9.4) (12) (21) (28) (9.2) (22)
Platform is familiar 0.60 0.20 26 1.9 48 61 29 49

(0.48) (0.59) (20) (12) (35) (74) (19) (36)
Y2K, data manipulation,etc. -0.13 0.15 19 -4.8 -47 15 -41

(0.32) (0.35) (17) (25) (36) (16) (39)

Standard errors (corrected for clustering at the firm level in columns 1 and 2) are in parentheses.
A star indicates that the coefficient is significant at the 90 percent level of confidence. 
All regressions include the following additional variables: number of employees squared, project size squared, 
and indicator for whether tools are familiar to the firm. Sample in columns 1, 3 ,5, 7, 8 include all external projects
(167 projects in 92 firms).  Sample in colums 2, 4 and 6 include all projects of firms that do some 
internal work  (88 projects in 58 firms).

Choice of contract
Ordered probit

Share of overrun paid by the firm
Unconditional Conditional

Random 
effect

Fixed 
effect



TABLE IV
Regression results: Overruns and project characteristics

Delay Project size Y2K Subjective
Unconditional Conditional Unconditional Conditional complexity

Random Random Random Random Probit Median Probit OLS
effect effect effect effect regression

(1) (2) (3) (4) (5) (6) (7) (8)

Reputation
Young firm -0.48 -3.8 2.5 1.5 -0.28 -6.4 0.48* -0.42*

(5.0) (5.0) (3.4) (3.5) (0.22) (5.4) (0.29) (0.21)
Repeated contract 1.8 1.5 -0.92 -1.2 -0.2 -16.3* 0.34 -0.07

(4.9) (4.8) (3.5) (3.5) (0.24) (5.4) (0.30) (0.20)
ISO certified firm 15 16 5.4 6.1 0.28 18* -0.52 0.08

(7.9) (7.7) (5.4) (5.5) (0.37) (8.5) (0.40) (0.21)
Contract
Fixed cost contract 14* 5.5

(5.4) (3.9)
Time and material 5.5 5.6
contract (7.5) (5.4)

 
Firm and client characteristics
Number of employees -0.77* -0.38 0.32 0.38 0.08 7.2* 0.23* 0.11*
(/100) (0.24) (0.24) (1.7) (1.7) (0.13) (2.4) (0.11) (0.066)

Client is big 0.88 0.43 1.8 1.3 -0.34 7.4 -0.05 0.11
(4.8) (4.8) (3.4) (3.4) (0.23) (5.3) (0.24) (0.17)

Client is Indian 4.1 2.8 -0.55 -0.78 0.07 -12* -0.34 0.03
(5.6) (5.6) (4.0) (4.0) (0.25) (6.4) (0.33) (0.18)

Project characteristics
Estimated project size 0.11* 0.11* 0.04 0.04 0.01
(man months) (0.040) (0.040) (0.03) (0.03) (0.22)
Area is familiar -5.6 -5.9 -1.5 -1.6 0.08

(5.1) (5.1) (3.7) (3.7) (0.25)
Platform is familiar -20* -18* -12* -12* 0.21

(10) (10) (7.4) (7.5) (0.58)
Y2K, data manipulation,etc. -13* -13* -9.41* -8.8* 0.20

(7.2) (7.1) (5.1) (5.1) (0.32)

 Standard errors (corrected for clustering at the firm level in columns 5, 7 and 8) are in parentheses. 
A star indicates that the coefficient is significant at the 90 percent level of confidence.
All regressions include the following additional variables: number of employees squared, 
project size squared, and indicator for whether tools are familiar to the firm.
Sample  includes all external projects (167 projects in 92 firms).

Total overrun Overrun due to the firm



Figure I
Proportion of fixed cost contracts
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Figure II
Share of overrun paid for  by the firm
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