
��hi@�Uh@|�U �Lhh�T|�L? @?_ ,?��hL?4i?|@* �L*�U)G

A�iLh) @?_ ,��_i?Ui uhL4 |�i N?�|i_ 5|@|it

�ih B� 6hi_h�!ttL?�

5L�|�ih? �i|�L_�t| N?��iht�|)

#@?�i* w� ��**�4i|

5L�|�ih? �i|�L_�t| N?��iht�|)

�@) ec 2fff

4Wkh dxwkruv zlvk wr wkdqn Duln Ohylqvrq dqg Plfkdho Qhovrq iru pdnlqj vrph ri wkh gdwd dydlodeoh wr xv1

Wkh xvxdo glvfodlphuv dsso|1 Fruuhvsrqglqj dgguhvv= Shu Iuhgulnvvrq ru Gdqlho Ploolphw/ Ghsduwphqw ri Hfr0
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Devwudfw

Zkdw ghwhuplqhv hqylurqphqwdo srolf| lq wkh XVB Wklv sdshu lv d �uvw dwwhpsw wr h{soruh wkhruhwlfdoo| dqg

hpslulfdoo| wkh h�hfwv ri exuhdxfudwlf fruuxswlrq rq hqylurqphqwdo srolf|1 Zh ghyhors d vlpsoh prgho ri

dq lqgxvwu| oree| zklfk lq�xhqfhv fruuxsw exuhdxfudwv e| r�hulqj survshfwlyh eulehv1 Wkh prgho suhglfwv

wkdw wkh h�hfw ri fruuxswlrq rq hqylurqphqwdo srolf| ghshqgv rq wkh uhodwlyh vl}h ri wzr frpshwlqj/ sduwldo

h�hfwv1 Iluvw/ d juhdwhu lqflghqfh ri fruuxswlrq lqfuhdvhv wkh wrwdo qxpehu ri eulehv jlyhq dqg wkhuhiruh

uhgxfhv wkh euleh r�huhg wr hdfk lqglylgxdo fruuxsw exuhdxfudw/ ohdglqj wr pruh vwulqjhqw hqylurqphqwdo

srolf|1 Vhfrqg/ d juhdwhu lqflghqfh ri fruuxswlrq doorzv wkh oree| wr ex| lq�xhqfh iurp d juhdwhu qxpehu

ri exuhdxfudwv/ uhvxowlqj lq orzhu vwulqjhqf|1 Zh dovr �qg wkdw hqylurqphqwdo srolf| lv pruh od{ wkh pruh

vhqvlwlyh lv rxwsxw wr uhjxodwru| fkdqjhv +jlyhq duh d vx�flhqw qxpehu ri fruuxsw exuhdxfudwv,/ dqg pruh

vwulqjhqw wkh odujhu wkh exuhdxfudf|1 Ilqdoo|/ wkh wkhru| kljkoljkwv vhyhudo lpsruwdqw lqwhudfwlrqv lq wkh

ghwhuplqdwlrq ri hqylurqphqwdo srolf|1 Xvlqj sdqho gdwd iurp 4<:: ~ 4<;: rq fruuxswlrq dqg hqylurqphqwdo

vwulqjhqf| dfurvv XV vwdwhv/ zh ghwhfw d X0vkdshg uhodwlrqvkls ehwzhhq hqylurqphqwdo srolf| vwulqjhqf|

dqg fruuxswlrq1 Pruhryhu/ wkh h�hfw ri fruuxswlrq ghshqgv rq exuhdxfudf| vl}h dv zhoo dv wkh vl}h ri wkh

pdqxidfwxulqj vhfwru1

MHO Fodvvl�fdwlrqv= G:5/ G:;/ K53/ T5;

Nh| Zrugv= Hqylurqphqwdo Uhjxodwlrqv/ Exuhdxfudf|/ Fruuxswlrq/ Srolwlfdo Hfrqrp|



%^D`gplqlvwudwlyh odz/ zklfk lv uljkwo| ihduhg iru dq dqflhqw uhdvrq ~ Txlv fxvwrglhw lsvrv

fxvwrghvB ~ Zkr vkdoo zdwfk wkh zdwfkhuv wkhpvhoyhvB Mrkq Dgdpv vdlg wkdw zh pxvw kdyh d

cjryhuqphqw ri odzv dqg qrw phq1* Exuhdx dgplqlvwudwruv/ wu|lqj wr hydoxdwh wkh prudolw| ri

dfwv lq wkh wrwdo v|vwhp/ duh vlqjxoduo| oldeoh wr fruuxswlrq/ surgxflqj d jryhuqphqw e| phq/

qrw odzv1%

Jduuhww Kduglq/ _Wkh Wudjhg| ri wkh Frpprqv/% +4<9;/ s1 4579,1

� W?|hL_�U|�L?

Hqylurqphqwdo srolf| lq wkh Xqlwhg Vwdwhv lv qrw vroho| prwlydwhg e| hqylurqphqwdo frqfhuqv1 Srolwlfv

dqg wkh exuhdxfudf| sod| fuxfldo urohv lq wkh ghwhuplqdwlrq ri prvw hqylurqphqwdo srolf| rxwfrphv +vhh/

h1j1/ Sdvkljldq +4<;8,/ Fursshu hw do1 +4<<5,/ dqg Frdwhv +4<<9,,1� Krzhyhu/ qr hpslulfdo dqdo|vlv h{lvwv

+wr rxu nqrzohgjh, ri wkh h�hfw ri fruuxswlrq rq hqylurqphqwdo srolf| irupdwlrq lq wkh XV1 Lq wkh wkh0

ruhwlfdo olwhudwxuh/ rqo| Orsh} dqg Plwud +5333, h{soruh wkh lpsolfdwlrqv ri jryhuqphqw fruuxswlrq dqg

uhqw0vhhnlqj rq hqylurqphqwdo rxwfrphv> vshfl�fdoo|/ wkh uhodwlrqvkls ehwzhhq srooxwlrq dqg jurzwk +l1h1/

wkh hqylurqphqwdo Nx}qhwv fxuyh,12 Wkh uhodwlrqvkls ehwzhhq fruuxswlrq dqg hqylurqphqwdo srolf| ds0

shduv sduwlfxoduo| uhohydqw vlqfh d qxpehu ri uhfhqw vwxglhv hvwdeolvk wkh lpsruwdqfh ri fruuxswlrq lq wkh

irupdwlrq ri hfrqrplf srolflhv dqg iru hfrqrplf jurzwk1� Wkh suhvhqw sdshu vhhnv wr �oo d qxpehu ri jdsv
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lq erwk wkh wkhruhwlfdo dqg hpslulfdo olwhudwxuh rq hqylurqphqwdo srolf| irupdwlrq1

Wkh txhvwlrqv zh vhhn wr dqvzhu frqfhuq wkh h�hfwv ri exuhdxfudwlf fruuxswlrq dqg exuhdxfudf| vl}h

rq hqylurqphqwdo srolf| irupdwlrq1 Wr h{soruh wkhvh lvvxhv/ zh ghyhors d vlpsoh prgho zlwk dq lqgxvwu|

oree| jurxs dqg d exuhdxfudf| frqwdlqlqj erwk krqhvw dqg glvkrqhvw +fruuxsw, exuhdxfudwv1 Zh gh�qh wkh

lqflghqfh ri exuhdxfudwlf fruuxswlrq dv wkh iudfwlrq ri exuhdxfudwv zkr wdnh eulehv lq uhwxuq iru idyrulqj

lqh�flhqwo| zhdn hqylurqphqwdo srolf|1 Wkh exuhdxfudwv kdyh ixoo glvfuhwlrq ryhu wkh �qdo hqylurqphqwdo

uhjxodwlrq idflqj d srooxwlqj lqgxvwu| +h1j1/ wkurxjk wkh dgmxvwphqw ri lqvshfwlrq/ prqlwrulqj dqg hqirufh0

phqw lqwhqvlw|/ dqg ghflvlrqv wr edq fhuwdlq surgxfwlrq phwkrgv dqg lqsxwv +vhh Fursshu hw do1 +4<<5,/

ydq Krxwyhq +4<<9,/ dqg Khoodqg +4<<;d/ 4<<;e,,,1 Wkh lqgxvwu| oree| lq�xhqfhv wkh fruuxsw exuhdxfudwv*

hqylurqphqwdo prqlwrulqj/ uhsruwlqj dqg hqirufhphqw fkrlfhv e| r�hulqj survshfwlyh eulehv lq uhwxuq iru

idyrudeoh lqwhuyhqwlrq1e

Zh dvn wkh iroorzlqj txhvwlrqv1 Iluvw/ grhv fruuxswlrq qhfhvvdulo| kdyh d qhjdwlyh lpsdfw rq wkh

vwulqjhqf| ri hqylurqphqwdo uhjxodwlrqvB Vhfrqg/ krz grhv wkh vl}h ri wkh exuhdxfudf| dqg wkh vl}h ri wkh

srooxwlqj lqgxvwu| +pdqxidfwxulqj, vhfwru d�hfw orfdo hqylurqphqwdo srolf|/ uhvshfwlyho|B Wklug/ grhv wkh

h�hfw ri fruuxswlrq gl�hu ghshqglqj rq rwkhu vwdwh dwwulexwhvB Lq sduwlfxodu/ zh duh frqfhuqhg derxw wkh

lqwhudfwlrqv ehwzhhq wkh lqflghqfh ri fruuxswlrq dqg +l, wkh vl}h ri wkh exuhdxfudf| dqg +ll, wkh vl}h ri

wkh srooxwlqj lqgxvwu|1 Ilqdoo|/ wkh sdshu pdunv d ghsduwxuh iurp wkh suhylrxv olwhudwxuh rq fruuxswlrq e|

whvwlqj wkh prgho xvlqj d sdqho gdwd vhw iurp XV vwdwhv udwkhu wkdq d furvv0vhfwlrq ri frxqwulhv> wkxv/ lq

rxu rslqlrq/ uhgxflqj vrph sureohpv ri qrlvh dqg flufxpyhqwlqj lvvxhv vxfk dv gl�huhqfhv dfurvv fxowxuhv

lq wkh gh�qlwlrq ri fruuxswlrq1 Zh eholhyh wklv wr eh wkh �uvw hpslulfdo vwxg| ri wkh h�hfwv ri fruuxswlrq

rq XV srolf| irupdwlrq1

Wkh prgho suhglfwv wkdw wkh wrwdo h�hfw ri dq lqfuhdvh lq wkh lqflghqfh ri fruuxswlrq rq wkh vwulqjhqf|

ri hqylurqphqwdo srolf| lv dpeljxrxv dqg ghshqgv rq wkh uhodwlyh vl}h ri wzr sduwldo h�hfwv1 Iluvw/ dq

lqfuhdvh lq wkh lqflghqfh ri fruuxsw exuhdxfudwv +frqglwlrqdo rq wkh wrwdo vl}h ri wkh exuhdxfudf|, lqfuhdvhv

wkh wrwdo qxpehu ri r�huhg eulehv1 Wklv fdxvhv wkh oree| wr uhgxfh wkh euleh r�huhg wr hdfk lqglylgxdo

exuhdxfudw/ ohdglqj wr dq lqfuhdvh lq wkh vwulqjhqf| ri hqylurqphqwdo srolf|1 Vhfrqg/ dv exuhdxfudwlf

fruuxswlrq ehfrphv pruh shuydvlyh/ uhodwlyho| pruh exuhdxfudwv fdq eh eulehg1 Dv lw ehfrphv hdvlhu iru

wkh oree| wr ex| lq�xhqfh/ wkh vwulqjhqf| ri hqylurqphqwdo srolf| idoov1 Wkh prgho dovr suhglfwv wkdw wkhvh
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wzr sduwldo h�hfwv ri fruuxswlrq duh frqglwlrqdo rq +l, exuhdxfudf| vl}h/ +ll, wkh lqlwldo ohyho ri fruuxswlrq

lwvhoi/ dqg +lll, wkh sulfh hodvwlflw| ri vxsso| +uh�hfwlqj wkh lqgxvwu| oree|lqj lqfhqwlyh,1 Vlqfh hdfk ri

wkhvh wkuhh yduldeohv lq�xhqfh erwk ri wkh wzr sduwldo h�hfwv/ wkhlu suhglfwhg lqwhudfwlrqv zlwk fruuxswlrq

rq hqylurqphqwdo srolf| duh dpeljxrxv dv zhoo1 Frqvhtxhqwo|/ wkh hpslulfdo zrun lv fuxfldo lq rughu wr

ghwhuplqh wkh qdwxuh ri wkhvh uhodwlrqvklsv1

Lq dgglwlrq/ wkh wkhru| suhglfwv d gluhfw h�hfw ri erwk wkh sulfh hodvwlflw| ri vxsso| dqg exuhdxfudf|

vl}h rq hqylurqphqwdo srolf|1 D juhdwhu sulfh hodvwlflw| lpsolhv wkdw rxwsxw dqg sur�wv duh pruh vhqvlwlyh wr

srooxwlrq uhjxodwlrq1 Zkhq pruh lv dw vwdnh/ wkh lqgxvwu| oree| r�huv juhdwhu eulehv dqg srolf| vwulqjhqf|

idoov/ surylghg wkh qxpehu ri fruuxsw exuhdxfudwv lv vx�flhqwo| juhdw1 Dq lqfuhdvh lq exuhdxfudf| vl}h

ohdgv wr pruh vwulqjhqw hqylurqphqwdo srolf| +vhh dovr Dfhprjox dqg Yhuglhu +5333,,1 Wkh lqwxlwlrq lv wkdw

frqglwlrqdo rq wkh vkduh ri fruuxsw exuhdxfudwv/ wkh wrwdo frvw wr wkh oree| ri ex|lqj d jlyhq hqylurqphqwdo

srolf| iurp hdfk fruuxsw exuhdxfudw lv juhdwhu wkh odujhu wkh exuhdxfudf|1 Rq wkh pdujlq/ wkhuhiruh/ hdfk

fruuxsw exuhdxfudw lv r�huhg d vpdoohu euleh dqg hqylurqphqwdo srolf| ehfrphv pruh vwulqjhqw1

Wkh prgho lv whvwhg xvlqj sdqho gdwd iurp 4<:: ~ 4<;:1 Rxu pdlq phdvxuh ri hqylurqphqwdo vwulqjhqf|

lv dq lqgh{ ri uhodwlyh hqylurqphqwdo frpsoldqfh frvwv dfurvv XV vwdwhv frpslohg e| Ohylqvrq +4<<<,1 Wkh

lqgh{ lv gh�qhg dv wkh udwlr ri dfwxdo srooxwlrq dedwhphqw dqg frqwuro h{shqglwxuhv +SDFH, iru d sduwlfxodu

vwdwh lq d jlyhq |hdu wr wkh suhglfwhg ohyho ri SDFH li hdfk lqgxvwu| zlwklq wkh vwdwh frqiruphg wr wkh

qdwlrqdo lqgxvwu| dyhudjh1 Wkh lqgh{ wkxv h{solflwo| lqfrusrudwhv gl�huhqfhv lq lqgxvwu| frpsrvlwlrq dfurvv

vwdwhv +dw wkh wzr0gljlw vwdqgdug lqgxvwuldo fodvvl�fdwlrq +VLF, ohyho,1 Fruuxswlrq lv phdvxuhg xvlqj gdwd

iurp wkh XV Ghsduwphqw ri Mxvwlfh rq wkh qxpehu ri sxeolf r�fldov frqylfwhg dqqxdoo| +e| vwdwh, rq

fruuxswlrq0uhodwhg r�hqvhv1

Zh �qg wkdw dw orz ohyhov ri fruuxswlrq/ juhdwhu fruuxswlrq uhgxfhv hqylurqphqwdo srolf| vwulqjhqf|1

Krzhyhu/ wkh qhjdwlyh h�hfw lv uhgxfhg ~ dqg hyhq ehfrphv srvlwlyh ~ dv fruuxswlrq ehfrphv pruh shuydvlyh1

Wkxv/ wkh uhodwlrqvkls ehwzhhq hqylurqphqwdo vwulqjhqf| dqg wkh lqflghqfh ri fruuxswlrq lv X0vkdshg1 Wr

rxu nqrzohgjh/ wklv lv d qhz �qglqj1 Wklv hpslulfdo �qglqj fdq eh xqghuvwrrg lq oljkw ri wkh wkhruhwlfdo

prgho1 Dw d orz +kljk, lqflghqfh ri fruuxswlrq/ wkh gluhfw h�hfw ri dq lqfuhdvh lq fruuxswlrq ~ l1h1/ dq

lqfuhdvhg iudfwlrq ri fruuxsw exuhdxfudwv doorzv wkh lqgxvwu| oree| wr ex| d pruh od{ hqylurqphqwdo

srolf| ~ grplqdwhv +lv grplqdwhg e|, wkh lqgluhfw h�hfw ~ l1h1/ juhdwhu fruuxswlrq uhgxfhv wkh vl}h ri wkh

euleh r�huhg wr hdfk fruuxsw exuhdxfudw1 Lq dgglwlrq/ frqvlvwhqw zlwk wkh wkhru|/ wkh h�hfw ri fruuxswlrq lv

frqglwlrqdo rq exuhdxfudf| vl}h +phdvxuhg lq whupv ri jryhuqphqw rxwsxw, dqg wkh vl}h ri wkh pdqxidfwxulqj

vhfwru +rxu sur{| iru wkh vxsso| hodvwlflw|,1 Iru d odujh udqjh ri wkh gdwd/ hqylurqphqwdo vwulqjhqf| dqg

exuhdxfudf| vl}h duh srvlwlyho| uhodwhg1 Wklv dffrugv zlwk wkh lqwxlwlrq iurp wkh wkhru| zklfk vxjjhvwv

wkdw wkh vl}h ri hdfk euleh idoov zkhq d juhdwhu qxpehu ri eulehv pxvw eh jlyhq1 Ixuwkhupruh/ wkh juhdwhu
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wkh pdqxidfwxulqj vhfwru/ wkh ohvv vwulqjhqw lv wkh srolf|/ dqg wkh h�hfw lv pruh surqrxqfhg wkh juhdwhu wkh

ohyho ri fruuxswlrq1 Wkxv/ zkhq pruh lv dw vwdnh iru wkh pdqxidfwxulqj oree|/ lwv eulelqj h�ruw lqfuhdvhv

dqg lwv lq�xhqfh lv sduwlfxoduo| vwurqj zkhuh lw lv uhodwlyho| hdv| wr jdlq lq�xhqfh1 Ilqdoo|/ wkh uhvxowv duh

idluo| urexvw wr dowhuqdwlyh phdvxuhv ri hqylurqphqwdo srolf| vwulqjhqf|1 Lq rxu ylhz/ wkh uhvxowv lqglfdwh

wkdw fruuxswlrq lv dq lpsruwdqw ghwhuplqdqw ri srolf| rxwfrphv lq wkh XV1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 vhwv xs d vlpsoh wkhruhwlfdo prgho1

Vhfwlrq 6 dqdo|}hv wkh lpsdfwv ri fruuxswlrq/ wkh rxwsxw hodvwlflw|/ dqg exuhdxfudf| vl}h rq hqylurqphqwdo

srolf|1 Vhfwlrq 7 glvfxvvhv wkh hpslulfdo zrun dqg gdwd1 Vhfwlrq 8 r�huv d ihz �qdo uhpdunv1

2 A�i �L_i*

D vpdoo rshq mxulvglfwlrq ~ iru h{dpsoh/ d XV vwdwh ~ kdv wzr vhfwruv= wkh _fohdq% vhfwru surgxfhv d

qxphudluh jrrg } dqg wkh srooxwlqj pdqxidfwxulqj vhfwru surgxfhv d jrrg {1 Wkh vwdwh lv srsxodwhg e|

�yh w|shv ri lqglylgxdov ghqrwhg e| n/ hqylurqphqwdolvwv +ghqrwhg e| H,/ pdqxidfwxulqj vhfwru surgxfhuv

+P,/ zrunhuv +Z ,/ krqhvw exuhdxfudwv +KE,/ dqg glvkrqhvw +ru fruuxsw, exuhdxfudwv +GE,1 Dprqj wkh

e +erwk krqhvw dqg glvkrqhvw, exuhdxfudwv lq hdfk mxulvglfwlrq/ d vkduh � duh fruuxsw dqg wkh uhpdlqlqj

vkduh +4� �, duh krqhvw +l1h1/ vrfldo zhoiduh pd{lpl}huv/ vhh ehorz,1 Lw iroorzv wkdw wkh qxpehu ri fruuxsw

exuhdxfudwv lv jlyhq e| e�/ dqg wkh qxpehu ri krqhvw exuhdxfudwv htxdov e+4� �,1 Wkh srsxodwlrq jurxsv

duh ri vl}h h/ p/ z/ dqg e uhvshfwlyho|/ dqg wkh srsxodwlrq lv qrupdol}hg wr rqh vxfk wkdw h.p.z.e @ 41

Doo qrq0exuhdxfudwv kdyh rqh xqlw ri oderu lqfrph/ o/ dqg surgxfhuv uhfhlyh idfwru lqfrph iurp rzqhuvkls

ri d vshfl�f idfwru xvhg lq wkh pdqxidfwxulqj vhfwru dv zhoo1 Hdfk exuhdxfudw kdv dq h{rjhqrxv zdjh

\ �1 Rqo| wkh hqylurqphqwdolvwv ghulyh glvxwlolw| iurp wkh srooxwlrq dvvrfldwhg zlwk orfdo pdqxidfwxulqj

surgxfwlrq +zh ljqruh vslooryhuv,1

Dq lqglylgxdo n/ n @ H>P>Z>KE>GE/ kdv suhihuhqfhv jlyhq e|D

X& @ f5& . x+f%,� �.�[/ +4,

zkhuh f5& dqg f% duh frqvxpswlrq ri wkh qxphudluh jrrg } +e| d w|sh n, dqg jrrg {/ zlwk zruog dqg

grphvwlf sulfhv htxdo wr 4 dqg sW/ uhvshfwlyho|1S x+f%, lv d vwulfwo| frqfdyh dqg gl�huhqwldeoh vxe0xwlolw|

ixqfwlrq/ zklfk |lhogv djjuhjdwh frqvxphu vxusoxv iurp frqvxpswlrq ri jrrg { htxdo wr F+sW,1 �. lv dq

lqglfdwru yduldeoh zklfk wdnhv d ydoxh ri rqh li wkh lqglylgxdo lv dq hqylurqphqwdolvw dqg }hur rwkhuzlvh1

Wkh djjuhjdwh vxsso| ri jrrg { htxdov [/ dqg � lv wkh shu0xqlw gdpdjh frh�flhqw zklfk lv dvvxphg

D�Lh?ih tL*�|�L?t 4@) hit�*| ��|� ^�@t��*�?i@h Thiuihi?Uit� ì @tt�4i �?|ih�Lh tL*�|�L?tc �L�i�ih�

SA�i t|@|ic _L4it|�U @?_ �Lh*_ 4@h!i| Th�Ui RW �t i L}i?L�t*) }��i? @t i@U� t|@|i �t @ Th�Ui |@!ih�
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frqvwdqw iru vlpsolflw|1.cH

Jrrg } lv surgxfhg e| oderu dorqh zlwk d frqvwdqw uhwxuqv wr vfdoh whfkqrorj| dqg dq lqsxw0rxwsxw

frh�flhqw htxdo wr rqh1 Oderu vxsso| lv vx�flhqwo| odujh vxfk wkdw wkh vxsso| ri hdfk jrrg lv srvlwlyh/

lpso|lqj d zdjh udwh htxdo wr rqh1 Wkh lqsxwv lqwr wkh surgxfwlrq ri jrrg { duh oderu dqg d vhfwru0vshfl�f

idfwru1 Wkh whfkqrorj| lv frqvwdqw uhwxuqv wr vfdoh1 Ljqrulqj oderu frvwv/ surgxfhuv ri jrrg { idfh d qhw

sulfh jlyhq e|

s @ sW � w�/ +5,

zkhuh w 5 W / W 5 U/ lv wkh srooxwlrq wd{ ohylhg e| wkh orfdo jryhuqphqw shu xqlw ri srooxwlrq1b Wkh

djjuhjdwh idfwru uhzdug/ �+s,/ ghshqgv vroho| rq wkh surgxfhu*v sulfh s1 Wkh vxsso| fxuyh iru jrrg { lv

jlyhq e| Krwhoolqj*v Ohppd/ l1h1 [+s, @ �R+s,/ zkhuh [R A 3/ [RR A 3= Qhw uhyhqxhv duh jlyhq e|

�+w, @ w�[+s,/ +6,

zklfk lv glvwulexwhg xqlirupo| wr doo lqglylgxdov h{fhsw idfwru rzqhuv1�f

Wkh surgxfhuv* uhzdug iurp wkh vhfwru0vshfl�f idfwru wkxv ghshqgv rq wkh hqylurqphqwdo srolf|/ dqg

wkh rzqhuv ri wkh vshfl�f fdslwdo duh dvvxphg wr kdyh vx�flhqw vwdnh lq wkh srolf| rxwfrph wr eh deoh wr

rujdql}h eulehu|1 Wkh surgxfhu oree| jurxs frruglqdwhv d euleh r�hu wr hdfk ri wkh e� lghqwlfdo fruuxsw

exuhdxfudwv lqyroyhg lq wkh ghwhuplqdwlrq ri hqylurqphqwdo srolf|1�� Wkxv/ hdfk fruuxsw exuhdxfudw lv

r�huhg wkh vdph euleh1 Zh dvvxph wkdw qr frruglqdwlrq ru vwudwhjlf ehkdylru wdnhv sodfh dprqj wkh

fruuxsw exuhdxfudwv> wkh| rshudwh lq lvrodwlrq iurp hdfk rwkhu1 Wkh hqylurqphqwdolvwv duh dvvxphg wr idfh

vx�flhqwo| vhyhuh iuhh0ulglqj sureohpv wr eh xqdeoh wr rujdql}h eulehu| dfwlylw| +vhh Rovrq +4<98,,1

Wkh prgho gh�qhv d wzr0vwdjh jdph ehwzhhq hdfk glvkrqhvw exuhdxfudw dqg wkh surgxfhu oree|1 Lw lv

d frpsohwh lqirupdwlrq prgho> wkxv wkh oree| nqrzv zklfk exuhdxfudwv wr dssurdfk1 Doo sod|huv duh ulvn

.�__�?} @M@|i4i?| |iU�?L*L}) �L�*_ ?L| t�}?��U@?|*) U�@?}i |�i hit�*|t�
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qhxwudo1 Lq vwdjh rqh wkh surgxfhu oree| jurxs r�huv hdfk fruuxsw exuhdxfudw d euleh vfkhgxoh �� +hw,1
Wkdw lv/ wkh oree| r�huv wkh exuhdxfudw d frqwlqxrxv euleh ixqfwlrq �� = W $ Un/ ghqrwlqj d vshfl�f

euleh iru zrunlqj wrzdugv d +glvwruwhg, srolf| hw1 Wkh exuhdxfudw uhvsrqgv e| dgmxvwlqj khu h�ruw ri

lpsohphqwlqj/ hqiruflqj/ ru prqlwrulqj wkh srooxwlrq wd{ dffruglqjo|1 Li doo exuhdxfudwv zhuh fruuxsw/

wkhlu fruuxsw ehkdylru zrxog jlyh d �qdo srooxwlrq wd{ htxdo wr hw1 Lq wkh vhfrqg vwdjh/ hdfk fruuxsw

exuhdxfudw ghwhuplqhv khu rswlpdo hqylurqphqwdo srolf|/ jlyhq wkh oree| jurxs*v vwudwhj|/ dqg froohfwv

wkh dvvrfldwhg euleh iurp wkh oree|1�2 Wkh oree| uhfhlyhv d prqhwdu| sd|r� ghvfulehg e| wkh frqwlqxrxv

ixqfwlrq 
� = W $ Un1 Lq wkh hqg ri vwdjh wzr/ wkh fruuxsw exuhdxfudw lv ghwhfwhg zlwk dq h{rjhqrxv

suredelolw| dqg sxqlvkhg1 Krzhyhu/ wkh sxqlvkhg exuhdxfudw lv deoh wr nhhs khu lqfrph/ wkh uhfhlyhg euleh/

dqg khu vkduh ri wd{ uhyhqxhv1��

Wkh jurvv lqgluhfw xwlolw| ixqfwlrq ri wkh surgxfhu oree| jurxs lv jlyhq e|


� +w, � �+s, .p+o .F+sW,,1 +7,

Erwk eulehv dqg wd{ uhyhqxhv duh xvhg iru wkh glvkrqhvw exuhdxfudw*v shuvrqdo frqvxpswlrq1�e Wkxv/ hdfk

glvkrqhvw exuhdxfudw kdv dq lqgluhfw xwlolw| ixqfwlrq htxdo wr


(�+w, � \ � . �+w, .F+sW, . �� +hw,� �*> +8,

zkhuh � � 3 lv wkh h{rjhqrxv suredelolw| ri ghwhfwlrq li fruuxsw/ dqg * A 3 lv wkh h{rjhqrxv sxqlvkphqw

dvvrfldwhg zlwk ghwhfwlrq1�D

Wkh krqhvw exuhdxfudw fkrrvhv wr iroorz khu mre ghvfulswlrq shuihfwo|/ dqg lv wkxv dvvxphg wr fduh rqo|

derxw pd{lpl}lqj djjuhjdwh vrfldo zhoiduh/


M�+w, � 
�+w,> +9,

zkhuh vrfldo zhoiduh lv gh�qhg dv


�+w, � �+s,� h�[+s, . �+w, . o .F+sW, . e\ �= +:,

�2�L|� |�i *LMM) }hL�T @?_ |�i }L�ih?4i?| @hi @tt�4i_ ?L| |L hi?i}i L? |�i�h ThL4�tit �? |�i tiUL?_ t|@}i�
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Vhwwlqj wkh �uvw0rughu frqglwlrq +IRF, ri +:, htxdo wr }hur dqg vroylqj uhyhdov wkdw wkh zhoiduh pd{lpl}lqj

+Sljrxyldq, wd{ htxdov

aw @ h= +;,

Wkh Sljrxyldq wd{ htxdov wkh qxpehu ri hqylurqphqwdolvwv dv wklv lv wkh pdujlqdo glvxwlolw| ri srooxwlrq1�S

Wkh Srolwlfdo Htxloleulxp Zh hpsor| wkh htxloleulxp lq wkh zhoo nqrzq phqx0dxfwlrq djhqf| prgho

e| Ehuqkhlp dqg Zklqvwrq +4<;9, zklfk kdv ehhq dssolhg e|/ iru h{dpsoh/ Jurvvpdq dqg Khospdq

+4<<7, dqg Gl{lw hw do1 +4<<:,1 Jrogehuj dqg Pdjjl +4<<<, vkrz wkdw wkh srolf| rxwfrph htxdov wkh Qdvk

edujdlqlqj vroxwlrq1 Wkh htxloleulxp wd{ idyruhg e| hdfk glvkrqhvw exuhdxfudw fdq eh irxqg xvlqj wkh

iroorzlqj wzr qhfhvvdu| frqglwlrqv=

hw @ dujpd{
|


(�+hw, rq W > +<,

hw @ dujpd{
|


� +hw,� e���� +hw, . 
(�+hw, rq W / +43,

zkhuh ��� ghqrwhv wkh htxloleulxp vwudwhj| ri wkh oree| jurxs1 Frqglwlrq +<, uhtxluhv wkdw wkh exuhdxfudw

pd{lpl}hv khu rzq djjuhjdwh zhoiduh jlyhq wkh r�huhg euleh vfkhgxoh1 Frqglwlrq +43, vwdwhv wkdw wkh

htxloleulxp srooxwlrq wd{ pd{lpl}hv wkh mrlqw zhoiduh ri wkh oree| dqg wkh glvkrqhvw exuhdxfudw1 Iru d

frpsohwh vhw ri qhfhvvdu| dqg vx�flhqw frqglwlrqv/ vhh Ehuqkhlp dqg Zklqvwrq +4<;9,1

Dvvxph wkdw wkh euleh vfkhgxoh lv gl�huhqwldeoh durxqg wkh htxloleulxp srlqw hw1 Frqglwlrqv +<, dqg

+43, lpso| wkdw wkh iroorzlqj frqglwlrq krogv durxqg wkh srolwlfdo htxloleulxp �w=


�
| +hw, @ e����| +hw,1 +44,

E| vxevwlwxwlqj +44, lqwr wkh �uvw0rughu frqglwlrq ri +<,/ zh rewdlq wkh htxloleulxp fkdudfwhul}dwlrq ri wkh

srooxwlrq wd{ idyruhg e| wkh glvkrqhvw exuhdxfudw/

4

e�

�
| +hw, . �|+hw, @ 31 +45,
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Iurp htxdwlrq +45, zh fdq �qg wkh +h{solflw, srooxwlrq wd{ idyruhg e| wkh fruuxsw exuhdxfudw1 Wdnlqj

wkh IRF ri htxdwlrqv +6, dqg +7,/ dqg vxevwlwxwlqj lqwr htxdwlrq +45, |lhogv dq htxloleulxp h{suhvvlrq

htxdo wr

hw @ [

�[R
+4� 4

e�
, ? 3= +46,

Zh dvvxph iru vlpsolflw| wkdw wkh srooxwlrq wd{ wkdw hphujhv iurp wkh exuhdxfudf| lv wkh zhljkwhg

dyhudjh ri wkh suhihuuhg wd{ udwhv ri fruuxsw dqg krqhvw exuhdxfudwv/ hw dqg aw/ uhvshfwlyho|/ zkhuh wkh zhljkw

lv wkh vkduh ri fruuxsw exuhdxfudwv1�. Wklv fdq eh ylhzhg dv d vlwxdwlrq zkhuh hdfk ri wkh exuhdxfudwv kdv

lq�xhqfh ryhu rqh dvshfw ri hqylurqphqwdo srolf|/ vxfk dv lpsohphqwdwlrq/ prqlwrulqj/ ru hqirufhphqw1

Dowhuqdwlyho|/ exuhdxfudwlf lqwhuyhqwlrq lq hqylurqphqwdo srolf| rxwfrphv frxog eh ylhzhg dv vhtxhqwldo/

zlwk hdfk exuhdxfudw kdylqj dq rssruwxqlw| wr lq�xhqfh wkh rxwfrph lq khu suhihuuhg gluhfwlrq dw d

sduwlfxodu vwdjh ri wkh surfhvv1 Krzhyhu/ zh gr qrw prgho h{solflwo| wkh vshfwuxp ri dfwlrqv d�hfwlqj wkh

uhvxowlqj srolf| rxwfrph1 Wkh revhuyhg htxloleulxp srooxwlrq wd{ udwh wJ lv wkxv jlyhq e|

wJ @ ��w. +4� �,aw @ �
[

�[R
+4� 4

e�
, . +4� �,h= +47,

� �Lhh�T|�L? @?_ |�i ��hi@�Uh@U)G �L4T@h@|��i 5|@|�Ut +it�*|t

Zh qrz dqdo|}h wkh h�hfwv ri fruuxswlrq dqg wkh vl}h ri wkh exuhdxfudf|1 Wkh dlp lv wr ghulyh whvwdeoh

lpsolfdwlrqv iru wkh hpslulfdo zrun1 Gl�huhqwldwlrq ri htxdwlrq +47, zlwk uhvshfw wr � |lhogv

gwJ

g�
@ �

g�w

g�
. �w� aw @ �

�

�

�
w[R � f

w

�
[R+

�

K�
� 5, . w[RR

.
[

�[R
+4� 4

e�
,� h> +48,

zkhuh wkh ghqrplqdwru ri wkh �uvw whup rq wkh uljkw0kdqg vlgh/ [R+
�

K�
� 5, . w�[RR/ lv wkh vhfrqg0rughu

frqglwlrq ri hdfk exuhdxfudw*v pd{lpl}dwlrq zlwk uhvshfw wr w dqg pxvw eh qhjdwlyh iru d pd{lpxp1

Zh dvvxph wklv wr eh wkh fdvh1 Wkh qxphudwru ri wkh �uvw whup pxvw dovr eh qhjdwlyh vlqfh iurp +45,/
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lv wkh sulfh hodvwlflw| ri vxsso|/ wkh sulfh hodvwlflw| ri srooxwlrq/ ru dowhuqdwlyho| wkh

qhjdwlyh ri wkh wd{ hodvwlflw| ri srooxwlrq/ dqg � @ [RR
R
fR

1 H{suhvvlrq +49, lv lqghwhuplqdwh vlqfh whup D
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lv srvlwlyh zkhuhdv whup E lv qhjdwlyh1 Wkh lqwxlwlrq iru whup D lq +49, lv wkdw dq lqfuhdvh lq wkh lqflghqfh

ri fruuxswlrq fdxvhv d ulvh lq wkh qxpehu ri qhfhvvdu| eulehv/ lqfuhdvlqj wkh oree|*v frvw ri eulehv/ fhwhulv

sdulexv1 Wkhuhiruh/ hdfk fruuxsw exuhdxfudw lv r�huhg d vpdoohu euleh fdxvlqj khu wr idyru d kljkhu srooxwlrq

wd{1 Whup E uhsuhvhqwv wkh gluhfw h�hfw ri dq lqfuhdvh lq wkh iudfwlrq ri glvkrqhvw exuhdxfudwv/ ohdglqj wr

d orzhu srooxwlrq wd{1 Frqvhtxhqwo|/ wkh qhw h�hfw ri fruuxswlrq rq wkh hqylurqphqwdo srolf| lv dpeljxrxv

exw lqwhusuhwdeoh1

Lq dgglwlrq/ wkh h�hfw ri fruuxswlrq rq wkh wd{ udwh lv frqglwlrqdo rq d qxpehu ri yduldeohv1 Lq wkh

lqwhuhvw ri euhylw|/ zh uhvwulfw wkh glvfxvvlrq wr wkh wkuhh +lq rxu ylhz, prvw lpsruwdqw lqwhudfwlrqv1 Wkh

lpsdfw ri fruuxswlrq rq wkh srooxwlrq wd{ lv frqglwlrqdo rq +l, exuhdxfudf| vl}h/ e/ +ll, wkh lqlwldo ohyho

ri fruuxswlrq/ �/ dqg +lll, wkh vxsso| hodvwlflw|/ %1 Lqfuhdvhv lq e dqg � uhgxfh wkh ydoxh ri whup D/ dqg

lqfuhdvh +l1h1/ uhgxfh wkh devroxwh ydoxh ri wkh qhjdwlyh, whup E1 Zkhq fruuxswlrq lv shuydvlyh lq odujh

exuhdxfudflhv/ vxfk wkdw � $ 4 dqg e $ 4/ whup E dssurdfkhv }hur1

Fkdqjhv lq wkh vxsso| hodvwlflw| pd| lqfuhdvh ru uhgxfh wkh h�hfw ri fruuxswlrq rq wkh wd{ udwh vlqfh

wkh hodvwlflw| d�hfwv erwk whupv D dqg E1 Wkh vxsso| hodvwlflw| uh�hfwv wkh frvw ri wkh srooxwlrq wd{ srolf|

lq whupv ri rxwsxw +dqg wkhuhiruh sur�wv,1 Wkh juhdwhu wkh vxsso| hodvwlflw| wkh odujhu lv wkhuhiruh wkh

lqgxvwu| oree|*v vwdnh lq wkh srolf| rxwfrph1 Lq vxp/ wkh ohyhov ri e/ �/ dqg % lqwhudfw zlwk fruuxswlrq lq

lqghwhuplqdwh exw lghqwl�deoh zd|v1

Qh{w/ zh wxuq wr wkh gluhfw h�hfw ri exuhdxfudf| vl}h1 Gl�huhqwldwlrq ri +47, zlwk uhvshfw wr e |lhogv
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zkhuh djdlq wkh qxphudwru lv qhjdwlyh vlqfh f
w
A w[R1 Wkh h�hfw ri dq lqfuhdvh lq wkh qxpehu ri exuhdxfudwv

rq wkh srooxwlrq wd{ lv xqdpeljxrxvo| srvlwlyh1 Dq lqfuhdvh lq exuhdxfudf| vl}h lqfuhdvhv wkh qxpehu ri

eulehv uhtxluhg ri wkh oree| wr rewdlq d jlyhq wd{ udwh/ dqg wkh vl}h ri hdfk euleh lv wkhuhiruh uhgxfhg1�H

Qrwh wkdw wkh h�hfw ri e rq wJ lv frqglwlrqdo rq yduldeohv vxfk dv wkh lqlwldo vl}h ri wkh exuhdxfudf|/ e/ dqg

wkh lqflghqfh ri fruuxswlrq �1 Wkhvh lqwhudfwlrqv duh vlplodu wr wkh rqhv ghvfulehg iru +49, dqg duh qrw

uhlwhudwhg1

Ilqdoo|/ zh zlvk wr lqyhvwljdwh wkh gluhfw h�hfw rq wkh wd{ ri wkh vxsso| hodvwlflw|/ %1 E| uhduudqjlqj

+46,/ zh vhh wkdw
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zklfk fdq eh vxevwlwxwhg lqwr +47,1 Wuhdwlqj % dv h{rjhqrxv dqg frqvwdqw/ gl�huhqwldwlrq ri +4;, zlwk

uhvshfw wr % |lhogv

gwJ

g%
@ �

ghw
g%

@ � �w

%. 4� �

K�

= +4<,

Wkh lq�xhqfh ri wkh pdqxidfwxulqj oree| lv lqfuhdvlqj lq % li wkh fruuxsw exuhdxfudwv duh vx�flhqwo|

qxphurxv vxfk wkdw wkh ghqrplqdwru lq +4<, lv srvlwlyh1 Lq wkh hpslulfdo vhfwlrq ehorz/ zh k|srwkhvl}h

wkdw wkh vl}h ri wkh pdqxidfwxulqj vhfwru lv srvlwlyho| uhodwhg wr %= Pdqxidfwxulqj vhfwru vl}h +lq dgglwlrq wr

wkh srooxwlrq lqwhqvlw| ri rxwsxw, lv lpsruwdqw dv lw uhsuhvhqwv wkh dprxqw dw vwdnh iru wkh pdqxidfwxulqj

oree| lq wkh ghwhuplqdwlrq ri wkh srolf| rxwfrph +vhh dovr Jxwwpdq +4<:;, dqg Jdugqhu +4<;:,,1 Djdlq/

zh lghqwli| vhyhudo lqwhudfwlrqv1 Lq sduwlfxodu/ vlqfh wkh lq�xhqfh ri % ghshqgv lq d srvlwlyh idvklrq rq �/ lq

wkh hpslulfdo zrun zh k|srwkhvl}h wkdw wkh oree|*v lq�xhqfh lv frqglwlrqdo rq wkh lqflghqfh ri fruuxswlrq1

Wkh pdqxidfwxulqj oree| pd| �qg lw uhodwlyho| hdvlhu wr ex| lq�xhqfh zkhq wkh ohyho ri fruuxswlrq lv

uhodwlyho| juhdwhu1

Lq vxp/ wkh wkhru| |lhogv vhyhudo whvwdeoh lpsolfdwlrqv ri wkh uhodwlrqvkls ehwzhhq srolf| irupdwlrq/

fruuxswlrq/ exuhdxfudf| vl}h/ dqg wkh vl}h ri wkh pdqxidfwxulqj vhfwru1 Lq dgglwlrq/ wkh prgho ohdgv wr vhy0

hudo lqvwdqfhv ri wkhruhwlfdo dpeljxlw|/ jhqhudwlqj rssruwxqlwlhv iru wkh gdwd wr surylgh vrph uhvroxwlrq1 Lq

dgglwlrq/ wkhuh duh vljql�fdqw lqwhudfwlrqv zlwk exuhdxfudf| vl}h/ lqlwldo ohyhov ri fruuxswlrq/ dqg pdqxidf0

wxulqj vhfwru vl}h +wkh rxwsxw hodvwlflw|,1 Dw wkh prvw edvlf ohyho/ wkh wkhruhwlfdo prgho suhglfwv lpsruwdqw

h�hfwv ri fruuxswlrq rq hqylurqphqwdo srolf|1 Lq wkh lqwhuhvw ri fodulw|/ Wdeoh 4 suhvhqwv d vxppdu| ri wkh

prvw lpsruwdqw frqfoxvlrqv xsrq zklfk wkh hpslulfdo zrun lq wkh iroorzlqj vhfwlrq irfxvhv1
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Wkh vlpsohvw hfrqrphwulf prgho h{suhvvhv d phdvxuh ri hqylurqphqwdo uhjxodwlrq dv d ixqfwlrq ri fruuxs0

wlrq/ vwdwh fkdudfwhulvwlfv/ dqg vwdwh dqg wlph �{hg h�hfwv wr fdswxuh xqrevhuydeoh wlph lqyduldqw vwdwh

fkdudfwhulvwlfv dv zhoo dv dqqxdo xqrevhuyhg fkdqjhv dw wkh ihghudo ohyho1 Vshfl�fdoo|/

|�| @ �� . �| . {�|� . �f�| . ��|/ +53,

zkhuh |�| lv d phdvxuh ri hqylurqphqwdo frpsoldqfh frvwv lq vwdwh l dw wlph w/ �� lv wkh vwdwh �{hg h�hfw/

�| lv wkh wlph �{hg h�hfw/ {�| lv d yhfwru ri vwdwh fkdudfwhulvwlfv/ f�| lv d vfdodu phdvxuh ri exuhdxfudwlf
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fruuxswlrq/ dqg � lv wkh dvvrfldwhg sdudphwhu1

Wkh lqfoxvlrq ri vwdwh dqg wlph �{hg h�hfwv doorzv rqh wr uhfryhu frqvlvwhqw hvwlpdwhv ri wkh sdudp0

hwhuv lq +53, hyhq li wkhuh h{lvw wlph lqyduldqw xqrevhuydeoh vwdwh dwwulexwhv zklfk d�hfw hqylurqphqwdo

frpsoldqfh frvwv dqg duh fruuhodwhg zlwk wkh lqfoxghg fkdudfwhulvwlfv/ sduwlfxoduo| fruuxswlrq1 Vxfk vwdwh0

vshfl�f xqrevhuydeohv pd| lqfoxgh uholjlrxv dwwlwxghv/ wkh ghjuhh ri srolwlfdo dfwlylvp/ wkh lqwhqvlw| ri

phgld vfuxwlq|/ ru wkh sk|vlfdo vl}h ri wkh vwdwh/ iru h{dpsoh1 Wkh wlph h�hfwv zloo frqwuro iru qdwlrqdo

hyhqwv zklfk rffxu lq d jlyhq shulrg dqg pd| lpsdfw doo vwdwhv gluhfwo| ru wkurxjk d uhvkdslqj ri dw0

wlwxghv1 Fkdqjhv lq ihghudo hqylurqphqwdo uhjxodwlrq ru zhoo nqrzq hqylurqphqwdo glvdvwhuv vxfk dv wkh

H{{rq Ydogh} ru wkh qxfohdu glvdvwhu dw Fkhuqre|o duh sulph h{dpsohv1

Wr lqfrusrudwh dvshfwv ri wkh wkhruhwlfdo prgho lqwr wkh hfrqrphwulf prgho/ wkh dfwxdo prgho hvwlpdwhg

doorzv iru d pruh frpsolfdwhg h�hfw ri fruuxswlrq1 Iluvw/ wkh h�hfw lv doorzhg wr eh qrq0olqhdu wkurxjk

wkh lqfoxvlrq ri vhfrqg0 dqg wklug0rughu whupv1 Vhfrqg/ dprqj wkh frqwuro yduldeohv lqfoxghg lq { duh

phdvxuhv ri exuhdxfudf| vl}h +dorqj zlwk exuhdxfudf| vl}h vtxduhg, dv zhoo dv pdqxidfwxulqj vhfwru vl}h1�b

Wklug/ lqwhudfwlrq whupv duh lqfoxghg wr doorz iru gl�huhqwldo lpsdfwv ri fruuxswlrq edvhg rq exuhdxfudf|

vl}h dqg wkh vl}h ri wkh pdqxidfwxulqj vhfwru/ zkhuh wkh odwwhu uh�hfwv wkh lqfhqwlyh ri wkh pdqxidfwxulqj

vhfwru wr oree|1 Ilqdoo|/ dyhudjh odjjhg fruuxswlrq +dv zhoo dv odjjhg vhfrqg0 dqg wklug0rughu whupv,/ zkhuh

wkh dyhudjh lv rewdlqhg ryhu wkh wkuhh sulru |hduv/ lv lqfoxghg wr uh�hfw wkh lghd wkdw sdvw fruuxswlrq pd|

d�hfw wkh delolw| ri fxuuhqwo| fruuxsw exuhdxfudwv wr lq�xhqfh srolf| gxh wr/ iru h{dpsoh/ khljkwhqhg phgld

dwwhqwlrq ru dq lqfuhdvhg ihdu ri ehlqj ghwhfwhg1

Dv d fkhfn iru urexvwqhvv/ zh hvwlpdwh vhyhudo dgglwlrqdo yduldqwv1 Iluvw/ zh hvwlpdwh wkh prgho

xvlqj wkuhh phdvxuhv ri vwdwh0vshfl�f hqylurqphqwdo frpsoldqfh frvwv1 Wkh Ohylqvrq lqgh{ lv dq lqgxvwu|0

dgmxvwhg lqgh{ ri vwdwh hqylurqphqwdo frpsoldqfh frvwv dqg lv glvfxvvhg lq juhdwhu ghwdlo lq wkh iroorzlqj

vhfwlrq1 Lq dgglwlrq/ zh dovr xvh djjuhjdwh vwdwh srooxwlrq dedwhphqw dqg frqwuro h{shqglwxuh +SDFH,

dv zhoo dv SDFH shu groodu ri pdqxidfwxulqj rxwsxw1 Vhfrqg/ zkloh wkh wkhruhwlfdo prgho irfxvhv rq wkh

devroxwh vl}h ri wkh exuhdxfudf| dqg oree|/ rqh pd| k|srwkhvl}h wkdw wkh uhodwlyh vl}h lv wkh fuxfldo yduldeoh1

Wkxv/ zh uh0hvwlpdwh hdfk prgho uhsodflqj wkh devroxwh pdqxidfwxulqj dqg exuhdxfudf| vl}h yduldeohv +dv

zhoo dv wkh lqwhudfwlrqv, zlwk wkh udwlr ri pdqxidfwxulqj wr exuhdxfudf| vl}h1 Ilqdoo|/ zh hvwlpdwh wkh

prghov zlwk dqg zlwkrxw frqwurov iru odjjhg fruuxswlrq12f
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Wkh gdwd vsdqv wkh 7; frqwljxrxv XV vwdwhv ryhu wkh shulrg 4<:: ~ 4<;:1 Wkh gdwd rq hqylurqphqwdo

frpsoldqfh frvwv +wkh vwulqjhqf| ri hqylurqphqwdo uhjxodwlrqv, lv wkh lqgxvwu|0dgmxvwhg lqgh{ ri vwdwh

hqylurqphqwdo frpsoldqfh frvwv ghyhorshg lq Ohylqvrq +4<<<, dqg lv dydlodeoh iurp 4<:: ~ 4<;91 Wkh

lqgh{ lv gh�qhg dv wkh udwlr ri dfwxdo SDFH lq d sduwlfxodu vwdwh lq d jlyhq |hdu wr wkh suhglfwhg ohyho

ri SDFH li hdfk lqgxvwu| zlwklq wkh vwdwh frqiruphg wr wkh qdwlrqdo dyhudjh iru lwv lqgxvwu|1 Wkxv/ d

udwlr juhdwhu wkdq rqh lqglfdwhv frpsoldqfh frvwv uhodwlyho| juhdwhu wkdq wkh qdwlrqdo dyhudjh> d udwlr ohvv

wkdq rqh wkh uhyhuvh +vhh Ohylqvrq +4<<<, iru d pruh ghwdlohg h{srvlwlrq,1 Wkh ehqh�w ri wkh lqgh{ lv

wkdw lw frqwurov iru wkh qrq0xqlirup glvwulexwlrq ri lqgxvwulhv dfurvv vwdwhv zkhq frpsdulqj dedwhphqw

h{shqglwxuhv1 Wkxv/ lw h{solflwo| lqfrusrudwhv lqgxvwu| frpsrvlwlrq lqwr wkh frpsdulvrq1 Wkh phdvxuh lv

qrw shuihfw/ krzhyhu/ dv lw lv rqo| frpsxwhg dw wkh wzr0gljlw vwdqgdug lqgxvwuldo fodvvl�fdwlrq +VLF, ohyho1

Iru wklv uhdvrq zh dovr xvh vwdwh0ohyho SDFH gdwd zklfk lv froohfwhg e| wkh XV Fhqvxv Exuhdx*v Dqqxdo

Vxuyh| ri Pdqxidfwxuhuv1

Wkh gdwd rq srolwlfdo fruuxswlrq frph iurp d 4<;: XV Ghsduwphqw ri Mxvwlfh uhsruw wr Frqjuhvv/

zklfk kdv dovr ehhq xvhg e| Jrho dqg Qhovrq +4<<;, dqg Ilvpdq dqg Jdwwl +4<<<, +lq vwxglhv dwwhpswlqj

wr h{sodlq wkh lqflghqfh ri fruuxswlrq,1 Wkh uhsruw ghwdlov wkh qxpehu ri sxeolf r�fldov frqylfwhg ri

fruuxswlrq0uhodwhg dfwlylwlhv lq hdfk vwdwh iurp 4<:: ~ 4<;:/ dowkrxjk d ihz plvvlqj revhuydwlrqv h{lvw1

Fohduo|/ wklv lv qrw dq lghdo phdvxuh ri srolwlfdo fruuxswlrq1 Iluvw/ frqylfwlrqv duh rqo| uhfrughg li wkh

fruuxsw exuhdxfudwv duh fdxjkw dqg hylghqfh ri wkhlu jxlow lv rewdlqhg> wkxv/ lw xqghuhvwlpdwhv wkh qxpehu

ri glvkrqhvw exuhdxfudwv1 Vhfrqg/ wkh gdwd wuhdwv doo frqylfwlrqv dv krprjhqhrxv1 Wklug/ zh duh rqo|

frqfhuqhg zlwk wkh vl}h ri dqg fruuxswlrq ohyhov lq wkh vwdwh hqylurqphqwdo exuhdxfudf| +l1h1/ exuhdxfudwv

lqyroyhg lq hqylurqphqwdo rxwfrphv,> khqfh/ zh dvvxph wkdw wkh iudfwlrq ri wkhvh ohyhov ghyrwhg vshfl�fdoo|

wr hqylurqphqwdo surwhfwlrq lv urxjko| xqlirup dfurvv vwdwhv1 Ilqdoo|/ wkh gdwh ri wkh frqylfwlrq surylghv

qr lqglfdwlrq ri zkhq wkh fruuxsw dfwlylw| dfwxdoo| rffxuuhg1 Krzhyhu/ zh dwwhpsw wr flufxpyhqw wklv

�qdo sureohp wr vrph h{whqw e| xvlqj wkh qxpehu ri frqylfwlrqv rqh0|hdu dkhdg dv rxu sur{| iru fxuuhqw

fruuxswlrq1 Lq dgglwlrq/ zh zloo uhwxuq wr wkh �uvw wzr vkruwfrplqjv ri wkh gdwd odwhu lq wkh sdshu1

Qrqhwkhohvv/ ghvslwh wkhvh fdyhdwv/ lw lv wkh ehvw phdvxuh ri srolwlfdo fruuxswlrq dfurvv wkh XV vwdwhv

fxuuhqwo| dydlodeoh +Jrho dqg Qhovrq +4<<;,,1

Wkh uhpdlqlqj gdwd rq vwdwh fkdudfwhulvwlfv +vxfk dv jurvv vwdwh surgxfw +JVS, e| vhfwru/ hpsor|phqw

e| vhfwru/ dqg srsxodwlrq, zhuh rewdlqhg iurp wkh XV Fhqvxv Exuhdx1 Zh xvh pdqxidfwxulqj dqg qrq0

plolwdu| jryhuqphqw JVS wr phdvxuh pdqxidfwxulqj dqg exuhdxfudf| vl}h12� Wdeoh 5 surylghv wkh vxppdu|

vwdwlvwlfv1 Wdeoh 6 surylghv wkh �yh prvw dqg ohdvw hqylurqphqwdoo| vwulqjhqw vwdwhv +phdvxuhg e| wkh
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Ohylqvrq lqgh{, dv zhoo dv wkh �yh prvw dqg ohdvw fruuxsw vwdwhv ryhu wkh hqwluh shulrg1 Wkh prvw vwulnlqj

uhvxow iurp Wdeoh 6 lv wkh devhqfh ri dq| ryhuw qhjdwlyh uhodwlrqvkls ehwzhhq fruuxswlrq dqg hqylurqphqwdo

frpsoldqfh frvwv1 Lq idfw/ Z|rplqj kdv rqh ri wkh orzhvw udwhv ri fruuxswlrq dqg hqylurqphqwdo frpsoldqfh

frvwv1 Ryhudoo/ wkh Vshdupdq udqn fruuhodwlrq ehwzhhq wkh Ohylqvrq lqgh{ dqg wkh shufhqwdjh ri frqylfwhg

sxeolf r�fldov lv 3137 +s@3178,122

e�� +it�*|t

Wkh uhvxowv duh suhvhqwhg lq Wdeohv 7 wkurxjk <1 Wdeohv 7 dqg 8 frqwdlq wkh hvwlpdwhv zkhq wkh +orj,

Ohylqvrq lqgh{ lv wkh ghshqghqw yduldeoh1 Wdeohv 9 dqg : suhvhqw wkh uhvxowv iru wkh vshfl�fdwlrqv xvlqj

+orj, djjuhjdwh vwdwh SDFH dv wkh ghshqghqw yduldeoh1 Ilqdoo|/ Wdeohv ; dqg < frqwdlq wkh hvwlpdwhv zkhq

+orj, SDFH shu groodu ri pdqxidfwxulqj rxwsxw lv wkh ghshqghqw yduldeoh1 Prghov L dqg LL +suhvhqwhg lq

Wdeohv 7/ 9/ dqg ;, xvh wkh devroxwh vl}h ri wkh pdqxidfwxulqj dqg exuhdxfudf| vhfwruv lq wkh vshfl�fdwlrqv

dqg Prgho LL dovr lqfoxghv frqwurov iru odjjhg fruuxswlrq1 Prghov LLL dqg LY +suhvhqwhg lq Wdeohv 8/ :/

dqg <, xvh wkh udwlr ri pdqxidfwxulqj wr exuhdxfudf| vl}h lq wkh vshfl�fdwlrqv dqg Prgho LY dovr lqfoxghv

frqwurov iru odjjhg fruuxswlrq1 Lq dgglwlrq/ hdfk prgho lv hvwlpdwhg wzlfh/ rqfh zlwk wlph �{hg h�hfwv

dqg rqfh zlwk d olqhdu wlph wuhqg +dowkrxjk doo vshfl�fdwlrqv lqfoxgh vwdwh �{hg h�hfwv,1 Wkh uhvxowv ri

wkh I0whvwv iru wkh mrlqw htxdolw| ri wkh wlph h�hfwv duh wkhq jlyhq1 Ilqdoo|/ dowkrxjk qrw suhvhqwhg/ hdfk

vshfl�fdwlrq dovr lqfoxghv frqwurov iru srsxodwlrq vl}h/ vkduh ri ohjdo vhuylfhv lq JVS/ shu fdslwd lqfrph/

dqg uhodwlyh jryhuqphqw zdjhv +gh�qhg dv wkh udwlr ri shu fdslwd qrq0plolwdu| jryhuqphqw JVS wr shu

fdslwd lqfrph,1

Lqgxvwu|0Dgmxvwhg Uhodwlyh Frpsoldqfh Frvwv +Ohylqvrq Lqgh{, Wkh �uvw vhw ri uhvxowv iru wkh

Ohylqvrq lqgh{ duh jlyhq lq Wdeoh 71 Ehiruh glvfxvvlqj vshfl�f srlqw hvwlpdwhv/ qrwlfh wkdw lq erwk Prgho

L dqg Prgho LL zh fdqqrw uhmhfw htxdolw| ri wkh wlph �{hg h�hfwv +Prgho L= I@31<6/ s@3183> Prgho LL=

I@31;;/ s@3184,1 Wkxv/ zh irfxv rq wkh pruh h�flhqw hvwlpdwhv zklfk frqwdlq rqo| d olqhdu wlph wuhqg1

Lq dgglwlrq/ zkhq frpsdulqj wkh hvwlpdwhv iurp Prgho L wr Prgho LL +zlwk wkh olqhdu wlph wuhqg,/ zkloh

wkh vljq ri wkh ydulrxv frh�flhqwv gr qrw fkdqjh/ wkh frh�flhqwv duh pruh suhflvho| hvwlpdwhg lq Prgho LL1

Lq dgglwlrq/ xvlqj Prgho LL/ dq I0whvw uhmhfwv wkh k|srwkhvlv wkdw wkh wkuhh fxuuhqw fruuxswlrq dqg wkuhh

odjjhg fruuxswlrq yduldeohv duh mrlqwo| }hur +I@5188/ s@3135,1 Wkxv/ zh irfxv rq wkh uhvxowv iurp Prgho

LL +zklfk lqfoxghv dyhudjh odjjhg fruuxswlrq dv zhoo dv kljkhu rughu whupv, zlwk d olqhdu wlph wuhqg1

Vshfl�fdoo|/ wkh srlqw hvwlpdwhv rq doo ri wkh fruuxswlrq yduldeohv dv zhoo dv wkh lqwhudfwlrqv duh vljql�0

fdqw dw ohdvw dw wkh 43( ohyho1 Lq dgglwlrq/ dq I0whvw uhmhfwv wkh k|srwkhvlv wkdw wkh wkuhh fxuuhqw fruuxswlrq
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yduldeohv +I@61:8/ s@3134, dqg wkh wkuhh lqwhudfwlrq whupv +I@614:/ s@3136, duh mrlqwo| }hur1 Zh dovr

hdvlo| uhmhfw wkh k|srwkhvlv wkdw wkh wkuhh fruuxswlrq yduldeohv dqg wkuhh lqwhudfwlrqv duh doo mrlqwo| }hur

+I@51;3/ s@3134,1 Ilqdoo|/ exuhdxfudf| vl}h kdv d vljql�fdqw gluhfw h�hfw rq hqylurqphqwdo frpsoldqfh

frvwv dv zhoo1

Wr lqwhusuhw wkh frh�flhqwv jlyhq wkh qrq0olqhdulw| dqg lqwhudfwlrqv/ Iljxuh 4 sorwv ydulrxv uhodwlrqvklsv

xvlqj wkh uhvxowv iurp Prgho LL zlwk rqo| d wlph wuhqg1 Sdqhov D wkurxjk G sorw wkh suhglfwhg +orj,

Ohylqvrq lqgh{ djdlqvw fruuxswlrq iru ydulrxv frpelqdwlrqv ri pdqxidfwxulqj dqg exuhdxfudf| vl}h1 Sdqho

D �{hv pdqxidfwxulqj rxwsxw dw +dssur{lpdwho|, wkh 58|� shufhqwloh +'614 eloolrq lq 4<;: XV', dqg wkhq

judskv wkh suhglfwhg lpsdfw ri fruuxswlrq dw ydulrxv ohyhov ri jryhuqphqw rxwsxw12� Wkh ydoxhv fkrvhq

fruuhvsrqg wr wkh 58|�/ 83|�/ dqg :8|� shufhqwloh +'51; eloolrq/ '9 eloolrq/ '4318 eloolrq/ uhvshfwlyho|,1 Sdqho

E +Sdqho F, �{hv pdqxidfwxulqj rxwsxw dw lwv 83|� +:8|�, shufhqwloh ohyho +';1; eloolrq +'4;16 eloolrq,,

dqg wkhq judskv wkh suhglfwhg h�hfw ri fruuxswlrq jlyhq wkh vdph wkuhh ohyhov ri exuhdxfudf| vl}h1 Ilqdoo|/

ehfdxvh pdqxidfwxulqj dqg jryhuqphqw vl}h duh vr kljko| fruuhodwhg +wkh Vshdupdq udqn fruuhodwlrq lv 31;;

+s@3133,,/ Sdqho G sorwv wkh uhodwlrqvkls ehwzhhq frpsoldqfh frvwv dqg fruuxswlrq �{lqj pdqxidfwxulqj

dqg jryhuqphqw vl}h dw wkh vdph shufhqwloh vl}h +l1h1/ erwk dw wkh 58|�/ 83|�/ dqg :8|� shufhqwloh,1

Wkh pdlq slfwxuh zklfk hphujhv iurp Sdqhov D wkurxjk F lv wkdw zkhq jryhuqphqw vl}h lv odujh uhodwlyh

wr wkh pdqxidfwxulqj vhfwru/ d kljkhu lqflghqfh ri fruuxswlrq udlvhv hqylurqphqwdo frpsoldqfh frvwv1 Wklv

lv frqvlvwhqw zlwk whup D lq +49, grplqdwlqj lq vxfk fdvhv1 Lq rwkhu zrugv/ zkhq wkh exuhdxfudf| lv

uhodwlyho| odujh/ dq lqfuhdvh lq wkh lqflghqfh ri fruuxswlrq +frqglwlrqdo rq exuhdxfudf| vl}h, udlvhv wkh

qxpehu ri eulehv sdlg1 Krzhyhu/ jlyhq wkh uhodwlyho| vpdoo pdqxidfwxulqj vhfwru/ wkh euleh shu fruuxsw

exuhdxfudw idoov uhvxowlqj lq d kljkhu ohyho ri hqylurqphqwdo frpsoldqfh frvwv1 Lq wkh uhyhuvh fdvh/ zkhq

wkh pdqxidfwxulqj vhfwru lv uhodwlyho| odujh/ lqfuhdvhv lq wkh lqflghqfh ri fruuxswlrq orzhu hqylurqphqwdo

frpsoldqfh frvwv1 Wklv lv frqvlvwhqw zlwk whup E lq +49, grplqdwlqj/ lpso|lqj wkdw wkh gluhfw h�hfw ri dq

lqfuhdvh lq fruuxswlrq rxwzhljkv wkh idfw wkdw juhdwhu fruuxswlrq hqwdlov d juhdwhu qxpehu ri dfwxdo eulehv

ehlqj sdlg1

Wkh h{wuhph fdvhv irxqg lq Sdqhov D wkurxjk F/ zkloh lqirupdwlyh/ duh ohvv uhsuhvhqwdwlyh ri wkh XV

vwdwhv dv pdqxidfwxulqj dqg exuhdxfudf| vhfwruv duh w|slfdoo| ri vlplodu +uhodwlyh, vl}h1 Wkxv/ Sdqho G

ghslfwv wkh h�hfw ri fruuxswlrq rq hqylurqphqwdo frpsoldqfh frvwv zkhq erwk vhfwruv duh vpdoo/ erwk

vhfwruv duh phglxp0vl}hg/ dqg zkhq erwk vhfwruv duh odujh1 Wzr lqwhuhvwlqj revhuydwlrqv hphujh1 Iluvw/ lq

doo wkuhh fdvhv +ljqrulqj d ihz h{wuhph rxwolhuv,/ zh �qg d X0vkdshg uhodwlrqvkls ehwzhhq fruuxswlrq dqg

hqylurqphqwdo frpsoldqfh frvwv12e Wkh wkhruhwlfdo prgho lv khosixo lq wkh lqwhusuhwdwlrq ri wklv �qglqj1
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Dw orz ohyhov ri fruuxswlrq/ frpsoldqfh frvwv dqg fruuxswlrq duh qhjdwlyho| uhodwhg +frqvlvwhqw zlwk whup

E lq +49, grplqdwlqj,/ exw diwhu ixuwkhu lqfuhdvhv lq fruuxswlrq/ fruuxswlrq dqg frpsoldqfh frvwv ehfrph

srvlwlyho| uhodwhg +frqvlvwhqw zlwk whup D lq +49, grplqdwlqj,1

Vlqfh wkh X0vkdshg uhodwlrqvkls ehwzhhq hqylurqphqwdo uhjxodwlrqv dqg fruuxswlrq lv revhuyhg luuhvshf0

wlyh ri wkh vl}h ri wkh exuhdxfudf| dqg pdqxidfwxulqj vhfwru/ lw dsshduv wkdw wkh lqlwldo fruuxswlrq ohyho

lv wkh grplqdqw idfwru d�hfwlqj wkh lpsdfw ri fruuxswlrq1 Wr rxu nqrzohgjh/ wklv X0vkdshg uhodwlrqvkls

ehwzhhq fruuxswlrq dqg srolf| kdv qrw suhylrxvo| ehhq grfxphqwhg1 Lq dgglwlrq/ wklv �qglqj lv qrw d

wulyldo rqh dv urxjko| 58( ri wkh revhuydwlrqv duh orfdwhg rq wkh xszdug vorslqj sruwlrq ri wkh X0vkdshg

fxuyh1 Iru wkhvh vwdwhv/ d uhgxfhg lqflghqfh ri fruuxswlrq lv dvvrfldwhg zlwk d uhgxfwlrq lq wkh vwulqjhqf|

ri hqylurqphqwdo srolf|12D

Wkh vhfrqg lqwhuhvwlqj srlqw wr hphujh iurp Sdqho G lv wkdw wkh X0vkdshg uhodwlrqvkls ehwzhhq fruuxs0

wlrq lv qrw xqlirup dfurvv vwdwhv zlwk gl�huhqw vl}h pdqxidfwxulqj dqg exuhdxfudf| vhfwruv1 Lq sduwlfxodu/

zkhq wkh lqflghqfh ri fruuxswlrq lv vx�flhqwo| orz/ vwdwhv zlwk vpdoo pdqxidfwxulqj dqg exuhdxfudf| vhf0

wruv kdyh wkh kljkhvw ohyho ri hqylurqphqwdo frpsoldqfh frvwv1 Krzhyhu/ eh|rqg d fhuwdlq wkuhvkrog ohyho ri

fruuxswlrq/ vwdwhv zlwk odujh pdqxidfwxulqj dqg exuhdxfudf| vhfwruv kdyh wkh kljkhvw ohyho ri frpsoldqfh

frvwv12S

Wkh �qdo vhw ri judskv lq Iljxuh 4/ Sdqhov H dqg Sdqho I/ sorw wkh Ohylqvrq lqgh{ djdlqvw exuhdxfudf|
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+pdqxidfwxulqj, vhfwru vl}h �{lqj pdqxidfwxulqj +exuhdxfudf|, vl}h dw lwv phdq iru wkuhh gl�huhqw ohyhov ri

fruuxswlrq fruuhvsrqglqj wr wkh 58|�/ 83|�/ dqg :8|� shufhqwloh +fruuxswlrq ohyhov ri 31338/ 31355/ dqg 31376/

uhvshfwlyho|,1 Sdqho H vkrzv wkdw frpsoldqfh frvwv duh uhodwlyho| lqyduldqw wr fkdqjhv lq exuhdxfudf| vl}h

lq vwdwhv zlwk vpdoo jryhuqphqw vhfwruv wr ehjlq zlwk1 Krzhyhu/ diwhu d fhuwdlq wkuhvkrog/ wkh Ohylqvrq

lqgh{ lqfuhdvhv zlwk wkh vl}h ri wkh exuhdxfudf|1 Wklv lv frqvlvwhqw +doehlw prghvwo|, zlwk wkh wkhruhwlfdo

suhglfwlrqv +vhh Wdeoh 4,12. Sdqho I lqglfdwhv wkdw frpsoldqfh frvwv ghfuhdvh dv wkh pdqxidfwxulqj vhfwru

ehfrphv odujhu +frqglwlrqdo rq exuhdxfudf| vl}h,1 Lq dgglwlrq/ wkh ghfuhdvh lv pruh gudpdwlf wkh juhdwhu

wkh lqflghqfh ri fruuxswlrq12H

Zkloh wkh wkhru| lqglfdwhv wkdw hqylurqphqwdo uhjxodwlrqv ghshqg rq devroxwh pdqxidfwxulqj dqg

exuhdxfudf| vl}h/ Prghov LLL dqg LY lq Wdeoh 8 dvvhvv wklv fodlp e| h{dplqlqj wkh h�hfwv ri wkh udwlr ri

pdqxidfwxulqj dqg exuhdxfudf| vl}h rq fruuxswlrq dqg frpsoldqfh frvwv1 Djdlq/ zh hvwlpdwh wkh prgho

zlwk dqg zlwkrxw wlph �{hg h�hfwv dqg zlwk dqg zlwkrxw frqwurov iru odjjhg fruuxswlrq1 Dv lq Wdeoh

7/ zh fdqqrw uhmhfw htxdolw| ri wkh wlph �{hg h�hfwv +Prgho LLL= I+</6<9,@4138 +s@3173,> Prgho LY=

I+9/54<,@31<5 +s@317;,,1 Lq dgglwlrq/ zkloh wkh pdmrulw| ri wkh frh�flhqwv duh lqvljql�fdqw lq doo irxu

vshfl�fdwlrqv/ zh fdq dw ohdvw uhmhfw wkdw wkh wkuhh fxuuhqw fruuxswlrq yduldeohv/ wkh wzr lqwhudfwlrqv/ dqg

wkuhh odjjhg fruuxswlrq yduldeohv duh qrw mrlqwo| }hur dw wkh 43( ohyho xvlqj Prgho LY zlwk d olqhdu wlph

wuhqg +I+;/557,@41<3 +s@3139,,1 Wkh uhvxowv iurp Prgho LY zlwkrxw wlph �{hg h�hfwv duh xvhg wr jhqhudwh

Iljxuh 5/ dowkrxjk wkh uhvxowv vkrxog eh lqwhusuhwhg zlwk fdxwlrq1

Sdqho D ri Iljxuh 5 sorwv wkh Ohylqvrq lqgh{ djdlqvw fruuxswlrq �{lqj wkh udwlr ri pdqxidfwxulqj wr

exuhdxfudf| vl}h dw wkh dw wkh 58|�/ 83|�/ dqg :8|� shufhqwloh +31;/ 417/ dqg 5/ uhvshfwlyho|,1 Zh �qg olwwoh

h�hfw ri fruuxswlrq lwvhoi rq frpsoldqfh frvwv> krzhyhu/ wkh Ohylqvrq lqgh{ lv prqrwrqlfdoo| ghfuhdvlqj

lq wkh udwlr ri pdqxidfwxulqj wr jryhuqphqw vl}h1 Wklv lv frq�uphg e| Sdqho E dv zhoo zklfk sorwv wkh

Ohylqvrq lqgh{ djdlqvw wkh udwlr �{lqj fruuxswlrq dw wkh 58|�/ 83|�/ dqg :8|� shufhqwloh1 Wkh idfw wkdw

xvlqj wkh udwlr ri pdqxidfwxulqj wr exuhdxfudf| vl}h +dv rssrvhg wr devroxwh ohyhov, |lhogv ohvv lqirupdwlyh

uhvxowv lv qrw vxusulvlqj jlyhq wkh uhvxowv lq Iljxuh 41 Vshfl�fdoo|/ Sdqho G lq Iljxuh 4 lqglfdwhv wkdw wkhuh

duh vxevwdqwldo gl�huhqfhv dfurvv vwdwhv zlwk uhodwlyho| vpdoo yhuvxv uhodwlyho| odujh pdqxidfwxulqj dqg
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jryhuqphqw vhfwruv1 Wkxv/ hyhq wkrxjk wkh udwlr zloo gl�hu olwwoh dfurvv wkhvh vwdwhv/ wkhuh duh lpsruwdqw

glvwlqfwlrqv wkdw duh rqo| fdswxuhg e| h{dplqlqj wkh devroxwh vl}hv ri hdfk vhfwru1

Dedwhphqw H{shqglwxuhv Dv d ixuwkhu phdqv ri dvvhvvlqj wkh urexvwqhvv ri rxu �qglqjv/ zh dovr

uh0hvwlpdwh hdfk prgho xvlqj erwk djjuhjdwh vwdwh SDFH dqg SDFH shu groodu ri pdqxidfwxulqj rxwsxw

dv wkh ghshqghqw yduldeoh +lqvwhdg ri wkh Ohylqvrq lqgh{,1 Wkh uhvxowv xvlqj djjuhjdwh vwdwh SDFH duh

suhvhqwhg lq Wdeohv 9 dqg :> wkh uhvxowv xvlqj SDFH shu groodu ri pdqxidfwxulqj rxwsxw duh jlyhq lq Wdeohv

; dqg <1 SDFH shu groodu ri pdqxidfwxulqj rxwsxw lv frpprqo| xvhg dv d phdvxuh ri uhjxodwru| lqwhqvlw|/

dowkrxjk lw vx�huv iurp wkh fulwltxh jlyhq e| Ohylqvrq +4<<<, dqg rwkhuv> qdpho|/ lw pd| eh dq ryhuo|

qrlv| phdvxuh jlyhq wkh qrq0xqlirup glvwulexwlrq ri lqgxvwulhv dfurvv vwdwhv1 Qrqhwkhohvv/ lw surylghv d

jrrg fkhfn rq wkh hduolhu uhvxowv1 Lq dgglwlrq/ zkloh djjuhjdwh SDFH lv qrw d sduwlfxoduo| jrrg phdvxuh

ri uhjxodwlrq vlqfh lw lv fohduo| uhodwhg wr wkh vl}h ri wkh pdqxidfwxulqj vhfwru/ lw lv lqwhuhvwlqj wr h{dplqh

wkh h�hfwv ri fruuxswlrq dqg exuhdxfudf| vl}h frqglwlrqdo rq pdqxidfwxulqj vl}h1 Vrphzkdw vxusulvlqjo|/

wkh uhvxowv gl�hu olwwoh dfurvv wkh phdvxuhv ri dedwhphqw h{shqglwxuhv1 Wkxv/ lq wkh lqwhuhvw ri euhylw|/ zh

glvfxvv wkh uhvxowv wrjhwkhu1

Lq erwk Wdeohv 9 dqg ;/ zh hdvlo| uhmhfw htxdolw| ri wkh wlph �{hg h�hfwv dv zhoo dv wkh k|srwkhvlv wkdw

wkh wkuhh fxuuhqw dqg wkuhh odjjhg fruuxswlrq yduldeohv duh mrlqwo| }hur1 Wkxv/ lq erwk fdvhv wkh uhvxowv

iurp Prgho LL zlwk wlph �{hg h�hfwv duh xvhg wr jhqhudwh wkh �jxuhv12b Iljxuh 6 xvhv wkh djjuhjdwh SDFH

uhvxowv dqg Iljxuh 8 xvhv wkh uhvxowv edvhg rq SDFH shu groodu ri pdqxidfwxulqj rxwsxw1 Erwk �jxuhv duh

dqdorjrxv wr Iljxuh 41 Sdqhov D wkurxjk F lq erwk �jxuhv lqglfdwh olwwoh gluhfw h�hfw ri fruuxswlrq rq wkh

phdvxuh ri dedwhphqw h{shqglwxuhv/ dowkrxjk wkh h�hfw lv voljkwo| pruh surqrxqfhg lq Iljxuh 8 +SDFH

shu groodu ri pdqxidfwxulqj rxwsxw,1 Lq dgglwlrq/ wkhuh lv vrph lqglfdwlrq +sduwlfxoduo| lq Sdqho F ri

Iljxuh 8, ri d X0vkdshg uhodwlrqvkls ehwzhhq fruuxswlrq dqg uhjxodwru| frpsoldqfh h{shqglwxuhv1 Ilqdoo|/

frqglwlrqdo rq pdqxidfwxulqj vl}h dqg wkh lqflghqfh ri fruuxswlrq/ dedwhphqw h{shqglwxuhv duh lqfuhdvlqj

lq exuhdxfudf| vl}h1

Sdqho G lq Iljxuhv 6 dqg 8 �{hv pdqxidfwxulqj dqg jryhuqphqw vl}h dw wkh vdph shufhqwloh ohyho dqg

orrnv dw wkh uhodwlrqvkls ehwzhhq dedwhphqw h{shqglwxuhv dqg fruuxswlrq1 Lq erwk fdvhv wkhuh lv prghudwh

hylghqfh ri d X0vkdshg uhodwlrqvkls1 Lq dgglwlrq/ lq erwk fdvhv wkh fxuyh vkliwv xs ~ lq hvvhqwldoo| d

sdudooho idvklrq ~ dv zh lqfuhdvh wkh vl}h ri erwk vhfwruv1 Lq Iljxuh 6/ wklv lv qrw vxusulvlqj vlqfh vwdwhv

zlwk odujhu pdqxidfwxulqj vhfwruv zloo doprvw fhuwdlqo| kdyh kljkhu djjuhjdwh SDFH1 Krzhyhu/ lq Iljxuh

8/ hyhq SDFH shu groodu ri rxwsxw lv lqfuhdvlqj zlwk wkh vl}h ri wkh jryhuqphqw dqg pdqxidfwxulqj vhfwruv
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+Sdqhov H dqg I frq�up wklv frqfoxvlrq lq erwk Iljxuhv 6 dqg 8 dv zhoo,1 Jlyhq wkdw wkh Ohylqvrq lqgh{

lv ghfuhdvlqj lq pdqxidfwxulqj vl}h +Iljxuh 4/ Sdqho I, exw SDFH shu groodu ri rxwsxw lv qrw +Iljxuh 8/

Sdqho I,/ rqh srvvleoh h{sodqdwlrq pd| eh wkdw wkh glvwulexwlrq ri lqgxvwulhv dfurvv vwdwhv lv uhodwhg wr wkh

vl}h ri wkh vwdwh1 Lq sduwlfxodu/ srooxwlrq lqwhqvlyh lqgxvwulhv +zlwk vxevhtxhqwo| kljkhu ohyhov ri SDFH,

orfdwlqj lq odujhu vwdwhv zrxog jhqhudwh wklv rxwfrph1 Krzhyhu/ wkh Ohylqvrq lqgh{ frqwurov iru wkhvh w|shv

ri glvwulexwlrqdo lvvxhv +dw ohdvw dw wkh wzr0gljlw VLF ohyho,1

Wkh �qdo vhw ri uhvxowv duh suhvhqwhg lq Wdeohv : dqg <1 Wkhvh vshfl�fdwlrqv xvh djjuhjdwh SDFH dqg

SDFH shu groodu ri pdqxidfwxulqj rxwsxw/ exw uhsodfh wkh devroxwh ohyho ri pdqxidfwxulqj dqg exuhdxfudf|

vl}h zlwk wkh udwlr1 Wkxv/ wkh uhvxowv duh dqdorjrxv wr Wdeoh 51 Dv ehiruh/ lq erwk fdvhv zh uhmhfw htxdolw|

ri wkh wlph �{hg h�hfwv dqg dovr uhmhfw wkh k|srwkhvlv wkdw wkh wkuhh fxuuhqw dqg wkuhh odjjhg fruuxswlrq

yduldeohv duh mrlqwo| }hur1�f Wkh uhvxowv duh looxvwudwhg lq Iljxuh 7 +djjuhjdwh SDFH, dqg Iljxuh 9 +SDFH

shu groodu ri pdqxidfwxulqj rxwsxw,1 Sdqhov D wkurxjk F lq erwk �jxuhv djdlq lqglfdwh d X0vkdshg

uhodwlrqvkls ehwzhhq fruuxswlrq dqg dedwhphqw h{shqglwxuhv/ zlwk wkh X0vkdsh ehlqj pruh surqrxqfhg lq

Iljxuh 91 Lq dgglwlrq/ zkloh lq Iljxuh 7 wkh X0vkdshg fxuyh vkliwv xs lq d sdudooho pdqqhu dv zh lqfuhdvh

wkh udwlr ri pdqxidfwxulqj wr jryhuqphqw vl}h +qrw vxusulvlqjo| vlqfh djjuhjdwh SDFH lv wkh phdvxuh ri

dedwhphqw h{shqglwxuhv dqg wkh Vshdupdq udqn fruuhodwlrq ehwzhhq wkh udwlr dqg devroxwh pdqxidfwxulqj

vl}h lv 3194 +s@3133,,/ lq Iljxuh 9 wkh fxuyhv furvv1 Wkhuhiruh/ dw orz ohyhov ri fruuxswlrq/ vwdwhv zlwk odujh

pdqxidfwxulqj vhfwruv +uhodwlyh wr jryhuqphqw vl}h, kdyh wkh orzhvw ohyho ri SDFH shu groodu ri rxwsxw1

Krzhyhu/ diwhu d fhuwdlq wkuhvkrog ohyho/ vwdwhv zlwk d uhodwlyho| odujh pdqxidfwxulqj vhfwru kdyh kljkhu

SDFH shu groodu ri rxwsxw1

Ilqdoo|/ Sdqho E lq Iljxuh 9 lqglfdwhv wkdw d kljkhu udwlr ri pdqxidfwxulqj wr jryhuqphqw vl}h orzhuv

dedwhphqw h{shqglwxuh shu groodu ri rxwsxw +ghvslwh wkh idfw wkdw d kljkhu udwlr lv lqglfdwlyh ri d odujhu

devroxwh pdqxidfwxulqj vhfwru,1 Lq dgglwlrq/ zkloh dw orz ohyhov ri wkh udwlr/ lqfuhdvlqj fruuxswlrq orzhuv

SDFH shu groodu ri rxwsxw/ diwhu d fhuwdlq ohyho +dssur{lpdwho| d udwlr ri 519, lqfuhdvhv lq fruuxswlrq udlvh

dedwhphqw h{shqglwxuhv shu groodu ri rxwsxw1 Wkxv/ wkh uhvxowv iurp wkh xvlqj dowhuqdwlyh phdvxuhv ri

hqylurqphqwdo frpsoldqfh frvwv ~ sduwlfxoduo| SDFH shu groodu ri pdqxidfwxulqj rxwsxw ~ dsshdu prvwo|

frqvlvwhqw zlwk wkh hpslulfdo uhvxowv edvhg rq wkh Ohylqvrq lqgh{ dqg wkh wkhruhwlfdo prgho1 Krzhyhu/

shukdsv jlyhq wkh lpsruwdqw uroh ri wkh glvwulexwlrq ri lqgxvwulhv dfurvv vwdwhv lq wkh ghwhuplqdwlrq ri

SDFH/ lw lv qrw vxusulvlqj wkdw wkh Ohylqvrq lqgh{ |lhogv pruh dffxudwh hvwlpdwhv dqg d slfwxuh zklfk lv

prvw frqvlvwhqw zlwk wkh wkhru|1
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Fruuxswlrq Yhuvxv Frqylfwlrqv Dv vwdwhg hduolhu/ d srwhqwldo vkruwfrplqj ri wkh hpslulfdo zrun

lv wkh phdvxuh ri fruuxswlrq1 Iurp wkh wkhruhwlfdo prgho/ lghdoo| zh zlvk wr kdyh d phdvxuh ri wkh

iudfwlrq ri glvkrqhvw exuhdxfudwv> lqvwhdg/ zh revhuyh rqo| wkh qxpehu ri glvkrqhvw exuhdxfudwv frqylfwhg

ri fruuxswlrq0uhodwhg dfwlylw|1�� Qrqhwkhohvv/ wkh gdwd duh vwloo xvhixo1 Frqvlghu wkh iroorzlqj prgho1�2 Ohw

wkh qxpehu ri frqylfwhg/ fruuxsw exuhdxfudwv/ f/ htxdo wkh qxpehu ri glvkrqhvw exuhdxfudwv/ g/ pxowlsolhg

e| wkh +h{rjhqrxv, suredelolw| ri ehlqj fdxjkw dqg frqylfwhg/ � +� 5 ^3> 4`,> l1h1/ f @ �g1 Iru vlpsolflw|/

dvvxph wkh hfrqrphwulf prgho hvwlpdwhg rqo| doorzv iru d olqhdu gluhfw h�hfw ri glvkrqhvw exuhdxfudwv +dv

lq +53,,1�� Vshfl�fdoo|/

|�| @ �� . �| . {�|� . �g�| . ��| +54,

zkhuh � lv wkh sdudphwhu ri lqwhuhvw1 Zh gr qrw revhuyh g/ exw zh gr revhuyh f1 Vxevwlwxwlqj lqwr +54,

|lhogv

|�| @ �� . �| . {�|� . �+
f�|
�
, . ��|

@ �� . �| . {�|� . �f�| . ��|

zkhuh � @ �@� dqg lv ri wkh vdph vljq exw odujhu lq pdjqlwxgh wkdq �1 Lq rwkhu zrugv/ vjq+�, @ vjq+�,

dqg m�m A m�m1 Frqvhtxhqwo|/ � lv erxqghg e| }hur dqg �1 Lq dgglwlrq/ wkh w0vwdwlvwlf lq wkh prgho edvhg rq

frqylfwlrq gdwd lv lghqwlfdo wr wkh w0vwdwlvwlf zklfk zrxog eh rewdlqhg li gdwd rq wkh qxpehu ri glvkrqhvw

exuhdxfudwv zhuh dydlodeoh1�e Wkh lqwxlwlrq iru zk| wkh h�hfw ri frqylfwlrqv lv odujhu wkdq wkh h�hfw ri

glvkrqhvw exuhdxfudwv lv vwudljkwiruzdug1 Li � ? 4/ wkhq rqh h{wud frqylfwlrq lpsolhv dq lqfuhdvh lq wkh

qxpehu ri glvkrqhvw exuhdxfudwv e| pruh wkdq rqh1 Wkxv/ wkh h�hfw ri rqh h{wud frqylfwlrq kdv d juhdwhu

h�hfw rq hqylurqphqwdo srolf| wkdq dq htxdo lqfuhdvh lq wkh qxpehu ri glvkrqhvw exuhdxfudwv1 Krzhyhu/

iurp d vwdwlvwlfdo srlqw ri ylhz/ erwk h�hfwv duh ri wkh vdph vljql�fdqfh1

Dqrwkhu vkruwfrplqj ri wkh frqylfwlrq gdwd lv wkdw doo frqylfwlrqv duh wuhdwhg dv krprjhqhrxv/ zkhq lq

idfw vrph fruuxswlrq0uhodwhg dfwlylwlhv pd| eh pruh ghwulphqwdo wkdq rwkhuv1 Lq dgglwlrq/ pruh lq�xhqwldo
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exuhdxfudwv pd| kdyh d orzhu ghwhfwlrq suredelolw|1 Wklv grhv qrw dowhu wkh frqfoxvlrq iurp deryh1 Wr

yhuli| wklv/ ohw wkhuh eh n @ 4> ===>N w|shv ri glvkrqhvw exuhdxfudwv/ gl�huhqwldwhg e| wkh vhyhulw| ri wkhlu

dfwlrqv1 Wkh qxpehu ri glvkrqhvw exuhdxfudwv ri w|sh n lv jlyhq e| g&/ zlwk dq dvvrfldwhg suredelolw| ri

ghwhfwlrq dqg frqylfwlrq ri �& +�& 5 ^3> 4`,1 Wkxv/ wkh wrwdo qxpehu ri glvkrqhvw exuhdxfudwv lv
S

& g& dqg

wkh qxpehu ri frqylfwlrqv lv jlyhq e|
S

& �&g&1

Vwduwlqj zlwk htxdwlrq +53, dqg vxevwlwxwlqj f @
S

& �&g& |lhogv

|�| @ �� . �| . {�|� . �
[
&

�&g& . ��| +55,

zkhuh � lv wkh h�hfw ri dq dgglwlrqdo frqylfwlrq +l1h1/ C|@Cf,1 Iurp +55, lw iroorzv wkdw C|@Cg @

�
S

& �&+Cg&@Cg,/ zkhuh Cg&@Cg 5 ^3> 4`1 Frqvhtxhqwo|/ vjq+C|@Cf, @ vjq+C|@Cg,/ mC|@Cfm A mC|@Cgm/
wkh w0vwdwlvwlf lv djdlq xqdowhuhg/ dqg/ C|@Cg lv erxqghg ehwzhhq }hur dqg C|@Cf1 Wkxv/ dowkrxjk zh gr

qrw revhuyh wkh qxpehu ri glvkrqhvw exuhdxfudwv ru wkh vhyhulw| ri wkhlu dfwlrqv/ zh duh deoh wr erxqg dqg

ohduq wkh +vwdwlvwlfdo, vljql�fdqfh ri wkh h�hfw ri fruuxswlrq1

D �L?U*�t�L?

Wklv sdshu r�huv d wkhruhwlfdo dqg hpslulfdo lqyhvwljdwlrq lqwr wkh h�hfwv ri exuhdxfudwlf fruuxswlrq rq

hqylurqphqwdo srolf| irupdwlrq lq wkh Xqlwhg Vwdwhv1 Wkh wkhruhwlfdo prgho lqglfdwhv wkdw hqylurqphqwdo

srolf| lv d�hfwhg e| wkh lqflghqfh ri fruuxswlrq/ e| wkh srooxwlqj pdqxidfwxulqj vhfwru*v vxsso| hodvwlflw|

+zklfk uhsuhvhqwv wkh pdqxidfwxulqj vhfwru*v oree|lqj lqfhqwlyh,/ dqg e| exuhdxfudf| vl}h1 Wkh prgho

suhglfwv wkdw wkh �qdo h�hfw ri dq lqfuhdvh lq wkh lqflghqfh ri fruuxswlrq rq wkh vwulqjhqf| ri hqylurqphqwdo

srolf| ghshqgv rq wzr sduwldo h�hfwv1 Iluvw/ wkhuh lv d +lqgluhfw, qhjdwlyh h�hfw rq wkh vl}h ri wkh euleh

r�huhg wr hdfk fruuxsw exuhdxfudw ehfdxvh d juhdwhu qxpehu ri eulehv pxvw eh jlyhq/ dqg vhfrqg/ wkhuh

lv d gluhfw lpsdfw ri pruh zlghvsuhdg fruuxswlrq1 Wkh prgho dovr suhglfwv d gluhfw qhjdwlyh h�hfw rq

hqylurqphqwdo srolf| vwulqjhqf| ri wkh vxsso| hodvwlflw| +jlyhq d vx�flhqw qxpehu ri fruuxsw exuhdxfudwv,/

dqg d srvlwlyh gluhfw lpsdfw ri exuhdxfudf| vl}h1 Wkhvh h�hfwv duh frqglwlrqdo rq +l, exuhdxfudf| vl}h/ +ll,

wkh ohyho ri fruuxswlrq/ dqg +lll, wkh vxsso| hodvwlflw|1 Wkh wkhru| wkxv jhqhudwhv d qxpehu ri suhglfwlrqv

dqg lqwhudfwlrqv wkdw lq vrph fdvhv duh dpeljxrxv1 Wkhvh duh h{dplqhg lq wkh hpslulfdo zrun1

Wr h{dplqh wkh hpslulfdo h�hfwv ri fruuxswlrq rq hqylurqphqwdo srolf|/ zh xvh sdqho gdwd dfurvv XV

vwdwhv iurp 4<:: ~ 4<;: rq hqylurqphqwdo frpsoldqfh frvwv dqg wkh qxpehu ri sxeolf r�fldov frqylfwhg

ri fruuxswlrq0uhodwhg dfwlylwlhv1 Wkh hpslulfdo uhvxowv duh frqvlvwhqw zlwk rxu wkhru| dqg khos uhvroyh

vrph ri wkh wkhruhwlfdo dpeljxlw|1 Vshfl�fdoo|/ lqfuhdvhv lq fruuxswlrq lqlwldoo| uhgxfh wkh vwulqjhqf| ri

hqylurqphqwdo srolf| +dv phdvxuhg e| frpsoldqfh frvwv,/ exw wkh lpsdfw lv uhgxfhg dqg hyhq ehfrphv
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srvlwlyh dv fruuxswlrq ehfrphv shuydvlyh1 Wkxv/ d X0vkdshg sdwwhuq hphujhv1 Lq dgglwlrq/ frqglwlrqdo

rq pdqxidfwxulqj +exuhdxfudf|, vl}h/ lqfuhdvlqj wkh vl}h ri wkh exuhdxfudf| +pdqxidfwxulqj, vhfwru kdv

d srvlwlyh +qhjdwlyh, h�hfw rq hqylurqphqwdo frpsoldqfh frvwv1 Ilqdoo|/ d juhdwhu lqflghqfh ri fruuxswlrq

h{dfhuedwhv wkh srvlwlyh +qhjdwlyh, h�hfw ri exuhdxfudf| +pdqxidfwxulqj, vl}h rq hqylurqphqwdo vwulqjhqf|1

Rxu �qglqjv pd| kdyh lpsruwdqw srolf| lpsolfdwlrqv1 Iluvw/ exuhdxfudwlf uhirupv zklfk uhgxfh wkh ohyho

ri fruuxswlrq gr qrw qhfhvvdulo| lpsuryh hqylurqphqwdo srolf| rxwfrphv1 Lq uhodwlyho| fruuxsw exuhdxfud0

flhv/ vwdwhv pd| �qg wkhpvhoyhv rq wkh xszdug vorslqj sruwlrq ri wkh X0vkdshg uhodwlrqvkls1 Wkxv/ uhirupv

wkdw uhgxfh wkh lqflghqfh ri fruuxswlrq pd| dfwxdoo| uhgxfh hqylurqphqwdo vwulqjhqf| lq vrph vwdwhv e|

lqfuhdvlqj wkh h�hfwlyhqhvv ri wkh surgxfhu oree|*v eulehu| dfwlylwlhv1 Dssur{lpdwho| rqh0txduwhu ri wkh

vwdwhv �qg wkhpvhoyhv lq wklv vlwxdwlrq1 Vhfrqg/ uhgxfwlrqv lq jryhuqphqw vl}h/ zklfk shukdsv lpsuryh

h�flhqf|/ dovr lqfuhdvh wkh oree|*v delolw| wr ex| d idyrudeoh srolf| rxwfrph/ sduwlfxoduo| li wkh jryhuq0

phqw lv lqlwldoo| uhodwlyho| odujh1 Wklug/ lw lv xqolnho| wkdw wkh hqylurqphqw lv wkh rqo| srolf| duhd d�hfwhg

e| fruuxswlrq lq wkh XV1 Iru h{dpsoh/ dqdo|vlv ri fruuxswlrq dqg wkh ghwhuplqdwlrq ri khdowk dqg vdihw|

vwdqgdugv pd| eh zduudqwhg1 Pruhryhu/ wkhuh pd| eh lpsruwdqw lqwhudfwlrqv ehwzhhq fruuxswlrq dqg wkh

h�hfwv ri uhjlrqv ehlqj lq qrq0dwwdlqphqw xqghu wkh ihghudo Fohdq Dlu Dfw +vhh Ehfnhu dqg Khqghuvrq

+5333,,1

Zh eholhyh wklv wr eh d xqltxh vwxg| ri fruuxswlrq1 Wr rxu nqrzohgjh/ qr suhylrxv zrun h{lvwv rq wkh

h�hfw ri exuhdxfudwlf fruuxswlrq rq hqylurqphqwdo srolf| dqg qr hpslulfdo vwxg| kdv dqdo|}hg wkh lpsdfw

ri fruuxswlrq rq srolf| irupdwlrq lq wkh XV1 Fohduo|/ wkhuh dsshduv wr eh d qhhg iru pruh uhvhdufk lq wklv

duhd1
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^4` Dfhprjox/ G1 dqg W1 Yhuglhu +5333,/ %Wkh Fkrlfh Ehwzhhq Pdunhw Idloxuhv dqg Fruuxswlrq/% Dphu0

lfdq Hfrqrplf Uhylhz/ <3=4<705441

^5` Dghv/ D1 dqg U1 Gl Whood +4<<:,/ _Qdwlrqdo Fkdpslrqv dqg Fruuxswlrq= Vrph Xqsohdvdqw Lqwhuyhq0

wlrqlvw Dulwkphwlf/% Hfrqrplf Mrxuqdo/ 43:=43560751

^6` Dghv/ D1 dqg U1 Gl Whood +4<<<,/ %Uhqwv/ Frpshwlwlrq/ dqg Fruuxswlrq/% Dphulfdq Hfrqrplf Uhylhz/

;<=<;50<61

^7` Dlgw/ W1V1 +4<<;,/ %Srolwlfdo Lqwhuqdol}dwlrq ri Hfrqrplf H{whuqdolwlhv dqg Hqylurqphqwdo Srolf|/%

Mrxuqdo ri Sxeolf Hfrqrplfv/ 9<+4,=40491

^8` Dsshoedxp/ H1 dqg H1 Ndw} +4<;:,/ %Vhhnlqj Uhqwv e| Vhwwlqj Uhqwv= Wkh Srolwlfdo Hfrqrp| ri Uhqw

Vhhnlqj/% Hfrqrplf Mrxuqdo/ <:=9;80<<1

^9` Edvx/ N1/ V1 Ekdwwdfkd|d/ dqg D1 Plvkud +4<<5,/ %Qrwhv rq Eulehu| dqg wkh Frqwuro ri Fruuxswlrq/%

Mrxuqdo ri Sxeolf Hfrqrplfv/ 7;=67<08<1

^:` Ehfnhu/ U1 dqg Y1 Khqghuvrq +5333,/ %H�hfwv ri Dlu Txdolw| Uhjxodwlrqv rq Srooxwlqj Lqgxvwulhv/%

Mrxuqdo ri Srolwlfdo Hfrqrp| 43;=6:<07541

^;` Ehuqkhlp/ E1G1 dqg P1G1 Zklqvwrq +4<;9,/ _Phqx Dxfwlrqv/ Uhvrxufh Doorfdwlrq/ dqg Hfrqrplf

Lq�xhqfh/_ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 434=40641

^<` Ekdjzdwl/ M1 +4<;5,/ %Gluhfwo| Xqsurgxfwlyh Sur�w0Vhhnlqj +GXS, Dfwlylwlhv/% Mrxuqdo ri Srolwlfdo

Hfrqrp|/ <3=<;;043351

^43` Exfkdqdq/ M1P1 dqg J1 Wxoorfn +4<:8,/ %Srooxwhuv* Sur�wv dqg Srolwlfdo Uhvsrqvh= Gluhfw Frqwurov

Yhuvxv Wd{hv/% Dphulfdq Hfrqrplf Uhylhz :8=46<07:1

^44` Frdwhv/ G1 +4<<9,/ %Mrev yhuvxv Zloghuqhvv Duhdv= Wkh Uroh ri Fdpsdljq Frqwulexwlrqv/% lq U1G1

Frqjohwrq +hg1,/ Wkh Srolwlfdo Hfrqrp| ri Hqylurqphqwdo Surwhfwlrq/ Dqq Dueru= Xqlyhuvlw| ri Plfkl0

jdq Suhvv1

^45` Fudqgdoo/ U1Z1 +4<;6,/ Frqwuroolqj Lqgxvwuldo Srooxwlrq1 Wkh Hfrqrplfv dqg Srolwlfv ri Fohdq Dlu/

Zdvklqjwrq/ G1F1= Wkh Eurrnlqjv Lqvwlwxwlrq1

^46` Fursshu/ P1O1/ Z1O1 Hydqv/ V1M1 Ehudugl/ P1P1 Gxfod0Vrduhv/ dqg S1U1 Sruwqh| +4<<5,/ _Wkh Ghwhu0

plqdqwv ri Shvwlflgh Uhjxodwlrq= D Vwdwlvwlfdo Dqdo|vlv ri HSD Ghflvlrq Pdnlqj/% Mrxuqdo ri Srolwlfdo

Hfrqrp|/ 433=4:80<:1
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^47` Gdpdqld/ U1 dqg S1J1 Iuhgulnvvrq +5333,/ _Rq wkh Irupdwlrq ri Lqgxvwu| Oree| Jurxsv/% Mrxuqdo ri

Hfrqrplf Ehkdylru dqg Rujdql}dwlrq/ 74=64806681

^48` Gl{lw/ D1/ J1P1 Jurvvpdq/ dqg H1 Khospdq +4<<:,/ _Frpprq Djhqf| dqg Frruglqdwlrq= Jhqhudo

Wkhru| dqg Dssolfdwlrq wr Jryhuqphqw Srolf| Pdnlqj/% Mrxuqdo ri Srolwlfdo Hfrqrp|/ 438=:8509<1

^49` Huolfk/ L1 dqg I1W1 Oxl +4<<<,/ %Exuhdxfudwlf Fruuxswlrq dqg Hqgrjhqrxv Hfrqrplf Jurzwk/% Mrxuqdo

ri Srolwlfdo Hfrqrp|/ 43:+9,=V5:30<61

^4:` Hydqv/ S1E1 +4<<5,/ %Wkh Vwdwh dv Sureohp dqg Vroxwlrq= Suhgdwlrq/ Hpehgghg Dxwrqrp|/ dqg

Vwuxfwxudo Fkdqjh/% lq V1 Kdjjdug dqg U1U1 Ndxipdq +hgv1,/ Wkh Srolwlfv ri Hfrqrplf Dgmxvwphqw/

Sulqfhwrq/ QM= Sulqfhwrq Xqlyhuvlw| Suhvv1

^4;` Ilvpdq/ U1 dqg U1 Jdwwl +4<<<,/ %Ghfhqwudol}dwlrq dqg Fruuxswlrq= Furvv0Frxqwu| dqg Furvv0Vwdwh

Hylghqfh/% plphr/ Ghyhorsphqw Uhvhdufk Jurxs/ Wkh Zruog Edqn1

^4<` Iuhgulnvvrq/ S1J1 +4<<:,/ %Wkh Srolwlfdo Hfrqrp| ri Srooxwlrq Wd{hv lq d Vpdoo Rshq Hfrqrp|/%

Mrxuqdo ri Hqylurqphqwdo Hfrqrplfv dqg Pdqdjhphqw/ 66=7708;1

^53` Jdugqhu/ E1O1 +4<;:,/ %Fdxvhv ri X1V1 Idup Frpprglw| Surjudpv/% Mrxuqdo ri Srolwlfdo Hfrqrp|/

<8=5<306431

^54` Jrho/ U1N1 dqg P1D1 Qhovrq +4<<;,/ %Fruuxswlrq dqg Jryhuqphqw Vl}h= D Glvdjjuhjdwhg Dqdo|vlv/%

Sxeolf Fkrlfh/ <:=43:0531

^55` Jrogehuj/ S1N1 dqg J1 Pdjjl +4<<<,/ %Surwhfwlrq iru Vdoh= Dq Hpslulfdo Lqyhvwljdwlrq/% Dphulfdq

Hfrqrplf Uhylhz/ ;<=44680881

^56` Jurvvpdq/ J1P1 dqg H1 Khospdq +4<<7,/ _Surwhfwlrq iru Vdoh/_ Dphulfdq Hfrqrplf Uhylhz/ ;7=;660

831

^57` Jxwwpdq/ M1P1 +4<:;,/ %Lqwhuhvw Jurxsv dqg wkh Ghpdqg iru Djulfxowxudo Uhvhdufk/% Mrxuqdo ri

Srolwlfdo Hfrqrp|/ ;9=79:0;71

^58` Kduglq/ J1 +4<9;,/ %Wkh Wudjhg| ri wkh Frpprqv/% uhsulqwhg lq U1Q1 Vwdylqv +hg1,/ Hfrqrplfv ri wkh

Hqylurqphqw/ 5333/ Qhz \run= Z1Z1 Qruwrq ) Frpsdq|1

^59` Khoodqg/ H1 +4<<;d,/ %Wkh Uhyhdohg Suhihuhqfhv ri Vwdwh HSDv= Vwulqjhqf|/ Hqirufhphqw/ dqg Vxevwl0

wxwlrq/% Mrxuqdo ri Hqylurqphqwdo Hfrqrplfv dqg Pdqdjhphqw/ 68=5750941
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^5:` Khoodqg/ H1 +4<<;e,/ %Wkh Hqirufhphqw ri Srooxwlrq Frqwuro Odzv= Lqvshfwlrqv/ Ylrodwlrqv/ dqg Vhoi0

Uhsruwlqj/% Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ ;3=4740861

^5;` Khoodqg/ H1 +4<<;f,/ %Hqylurqphqwdo Surwhfwlrq lq wkh Ihghudolvw V|vwhp= Wkh Srolwlfdo Hfrqrp| ri

QSGHV Lqvshfwlrqv/% Hfrqrplf Lqtxlu|/ 69+5,=63804<1

^5<` Nuxhjhu/ D1R1 +4<:7,/ %Wkh Srolwlfdo Hfrqrp| ri wkh Uhqw0Vhhnlqj Vrflhw|/% Dphulfdq Hfrqrplf

Uhylhz/ 97=5<406361

^63` Od�rqw/ M10M1 dqg W1 Q*Jxhvvdq +4<<<,/ %Frpshwlwlrq dqg Fruuxswlrq lq dq Djhqf| Uhodwlrqvkls/%

Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ 93=5:40<81

^64` Od Sruwd/ U1/ I1 Orsh}0gh0Vlodqhv/ D1 Vkohlihu/ dqg U1 Ylvkq| +4<<<,/ %Wkh Txdolw| ri Jryhuqphqw/%

Mrxuqdo ri Odz/ Hfrqrplfv/ dqg Rujdql}dwlrq/ 48=55505:<1

^65` Ohylqvrq/ D1 +4<<<,/ %Dq Lqgxvwu|0Dgmxvwhg Lqgh{ ri Vwdwh Hqylurqphqwdo Frpsoldqfh Frvwv/% QEHU

Zrunlqj Sdshu &:5<:1

^66` Orsh}/ U1 dqg V1 Plwud +5333,/ %Fruuxswlrq/ Srooxwlrq dqg wkh Nx}qhwv Hqylurqphqw Fxuyh/% iruwk0

frplqj/ Mrxuqdo ri Hqylurqphqwdo Hfrqrplfv dqg Pdqdjhphqw1

^67` Pdjdw/ Z1M1 M1 Nuxsqlfn/ dqg Z1 Kduulqjwrq +4<;9,/ Uxohv lq wkh Pdnlqj= D Vwdwlvwlfdo Dqdo|vlv ri

Uhjxodwru| Djhqf| Ehkdylru/ Edowlpruh= Mrkqv Krsnlqv Xqlyhuvlw| Suhvv1

^68` Pdxur/ S1 +4<<8,/ _Fruuxswlrq dqg Jurzwk/% Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 443=9;40:451

^69` Pdxur/ S1 +4<<;,/ %Fruuxswlrq dqg wkh Frpsrvlwlrq ri Jryhuqphqw H{shqglwxuh/% Mrxuqdo ri Sxeolf

Hfrqrplfv/ 9<=5960:<1

^6:` Rovrq/ P1 +4<98,/ Wkh Orjlf ri Froohfwlyh Dfwlrq/ Fdpeulgjh= Kduydug Xqlyhuvlw| Suhvv1

^6;` Sdvkljldq/ E1S1 +4<;8,/ %Hqylurqphqwdo Uhjxodwlrq= Zkrvh Vhoi0Lqwhuhvwv Duh Ehlqj SurwhfwhgB% Hfr0

qrplf Lqtxlu|/ 56=8840;71

^6<` Udxfk/ M1H1 dqg S1E1 Hydqv +5333,/ _Exuhdxfudwlf Vwuxfwxuh dqg Exuhdxfudwlf Shuirupdqfh lq Ohvv

Ghyhorshg Frxqwulhv/% Mrxuqdo ri Sxeolf Hfrqrplfv/ :8=7<0:41

^73` Urvh0Dfnhupdq/ V1 +4<:8,/ _Wkh Hfrqrplfv ri Fruuxswlrq/% Mrxuqdo ri Sxeolf Hfrqrplfv/ 7=4;:05361

^74` Urvh0Dfnhupdq/ V1 +4<:;,/ Fruuxswlrq= D Vwxg| lq Srolwlfdo Hfrqrp|/ Dfdghplf Suhvv/ Lqf1= Qhz

\run1
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^75` Vhoghq/ W1P1 dqg P1H1 Whuurqhv +4<<6,/ %Hqylurqphqwdo Ohjlvodwlrq dqg Hqirufhphqw= D Yrwlqj

Prgho xqghu Dv|pphwulf Lqirupdwlrq/% Mrxuqdo ri Hqylurqphqwdo Hfrqrplfv dqg Pdqdjhphqw/

57=545055;1

^76` Vkohlihu/ D1 dqg U1Z1 Ylvkq| +4<<6,/ _Fruuxswlrq/% Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 43;=8<<094:1

^77` Vkohlihu/ D1 dqg U1Z1 Ylvkq| +4<<7,/ _Srolwlfldqv dqg Ilupv/% Txduwhuo| Mrxuqdo ri Hfrqrplfv/

43<=<<8043581

^78` Wxoorfn/ J1 +4<9:,/ %WkhZhoiduh Frvwv ri Wdul�v/ Prqrsrolhv/ dqg Wkhiw/%Zhvwhuq Hfrqrplf Mrxuqdo/

79=405<1

^79` XV Ghsduwphqw ri Mxvwlfh +4<;:,/ %Uhsruw wr Frqjuhvv rq wkh Dfwlylwlhv dqg Rshudwlrqv ri wkh Sxeolf

Lqwhjulw| Vhfwlrq iru 4<;:/% Sxeolf Lqwhjulw| Vhfwlrq/ Fulplqdo Glylvlrq1

^7:` Ydq Krxwyhq/ J1 +4<<9,/ %Exuhdxfudwlf Glvfuhwlrq lq Hqylurqphqwdo Uhjxodwlrqv= Wkh Dlu Wr{lfv dqg

Dvehvwrv Edq Fdvhv/% lq U1G1 Frqjohwrq +hg1,/ Wkh Srolwlfdo Hfrqrp| ri Hqylurqphqwdo Surwhfwlrq/

Dqq Dueru= Xqlyhuvlw| ri Plfkljdq Suhvv1

^7;` Zlovrq/ M1T1 +4<;<,/ Exuhdxfudf|1 Zkdw Jryhuqphqw Djhqflhv Gr dqg Zk| Wkh| Gr Lw/ Qhz \run/

Q\= Edvlf Errnv1

^7<` \dqgoh/ E1 +4<;<,/ Wkh Srolwlfdo Olplwv ri Hqylurqphqwdo Uhjxodwlrq= Wudfnlqj wkh Xqlfruq/ Zhvwsruw/

FW= Txruxp Errnv1
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Fruuxswlrq 0414< 04166 06169 051:7
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Fruuxswlrq 06166 06186 0431;8h 0461;6_

+~318;, +~3194, +041<6, +05177,

Fruuxswlrq2 76186 7915: :8149h <<14:_

+4159, +4164, +41:3, +515<,

Fruuxswlrq� 0:7178 0<;16; 047:1;9 0549178_

+031;:, +04146, +0416;, +0513:,

Fruuxswlrq� 051:7 0415; 031<7 41;5

+Pdq12Jryw1 JVS, +~3194, +0315<, +03153, +316<,

Fruuxswlrq� 4157 31;4 4189 3193

+Pdq12Jryw1 JVS,2 +4145, +31:8, +4145, +3176,

Pdq12Jryw1 JVS 5167_ 51;:_ 3139 4153

+613:, +6198, +3138, +4135,

+Pdq12Jryw1 JVS,2 03176_ 03178_ 03145 03156

+06175, +0619<, +03189, +04143,
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Wlph Il{hg H�hfwv �N vjt �N vjt
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Fruuxswlrq 041;6 041;7 0718: 0:1:5

+~3178, +03179, +031<9, +04195,

Fruuxswlrq2 64195 67163 77135 :6163h

+31<6, +4135, +4134, +41:6,
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+0318:, +031;:, +0319<, +04185,

Fruuxswlrq� 519;�433fe 516;�433fe_ 61:6�433fe_ 41;;�433fe

Pdqxidfwxulqj JVS +5169, +516:, +5184, +414<,

Fruuxswlrq� 09188�433fe 071:3�433fe :1:;�433fe 05189�433fe

Jryhuqphqw JVS +04176, +~4146, +04185, +0317<,

Fruuxswlrq� 5185�433fb ;144�433�f :134�433�f 0613:�433fb

+Jryw1 JVS,2 +3168, +3146, +313;, +~3168,

Pdqxidfwxulqj JVS 41:9�433fD 41:3�433fD 61;;�433fD 8164�433fDh

+4138, +4148, +4166, +41<5,

Jryhuqphqw JVS 416;�433fe 09168�433fS 61:4�433feh 5167�433fe

+4157, +03138, +41<7, +4139,

Jryhuqphqw JVS2 04164�433fb 0618;�433�f 06135�433fb 05173�433fb

+~4136, +0315;, +04195, +04153,
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Vwdwh Il{hg H�hfwv vjt vjt vjt vjt

Revhuydwlrqv gUF 4II

��A,5G

�� BL�ih?4i?| B5� i U*�_it 4�*�|@h) B5�� B5� 4i@t�hi_ �? 4�**�L?t Lu �bH. N5m�

2� �|�ih hi}hittLht �?U*�_i_ �? i@U� 4L_i*G t�@hi Lu B5� �? *i}@* tih��Uitc hi*@|��i }L�ih?4i?| Ei U*�_�?} 4�*�|@h)� �@}itc

Tih U@T�|@ �?UL4ic Tih U@T�|@ �?UL4i t^�@hi_c @?_ TLT�*@|�L?�

�� w@}}i_ ULhh�T|�L? �t �?U*�_it |�i @�ih@}i L�ih |�i Th�Lh |�hii )i@ht @t �i** @t |�i @�ih@}i t^�@hi_ @?_ U�Mi_�

e� +LM�t| |�t|@|�t|�Ut �? T@hi?|�it�t� _t�}?��U@?| @| |�i DI *i�i*� ht�}?��U@?| @| |�i �fI *i�i*�

64



CBO,j d� $j|ji6�ABA|t Nu ���. �ji $N,,Bi Nu �BA�uBW|�i�A} ��|V�|�
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Fruuxswlrq 0614; 06173 04319;h 0461:9_

+0318:, +03193, +041<3, +05176,

Fruuxswlrq2 7315: 761:4 9<135 <7148_

+414;, +4158, +4189, +514:,

Fruuxswlrq� 09:1<; 0<51;8 04671<: 053914;_

+031;3, +0413;, +04159, +041<;,

Fruuxswlrq� 0517: 04153 03138 518;

+Pdq12Jryw1 JVS, +03189, +0315:, +03134, +3189,

Fruuxswlrq� 4154 31;6 415: 316:

+Pdq12Jryw1 JVS,2 +4144, +31:;, +31<5, +3159,
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