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Wkh sulfh ri fuxgh rlo lv frpprqo| eholhyhg wr kdyh d vljqlñfdqw lqðxhqfh rq wkh Qruzhjldq

h{fkdqjh udwh1 Wkh Qruzhjldq fxuuhqf| fulvhv lq wkh 4<<3v/ wkh dssuhfldwlrq suhvvxuh lq 4<<92<:

dqg wkh ghsuhfldwlrq suhvvxuh lq 4<<;24<<</ kdyh ehhq dwwulexwhg wr wkh ulvh dqg idoo ri rlo sulfhv/

vhh h1j1 Doh{dqghu/ Juhhq dqg Duqdvrq +4<<:,/ Kdogdqh +4<<:, dqg Qrujhv Edqn +4<<;, iru ghwdlov1

Olnhzlvh/ wkh odujh ghydoxdwlrq ri wkh nurqh lq 4<;9 lv riwhq h{sodlqhg zlwk uhihuhqfh wr orz rlo

sulfh lq 4<;82;9/ vhh h1j1 Qrujhv Edqn +4<;:/ ss1 4:,14 Wkh dvvxphg olqn ehwzhhq wkh rlo sulfh
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dqg wkh ydoxh ri wkh nurqh lv edvhg rq wkh vl}h ri wkh shwurohxp vhfwru uhodwlyh wr JGS/ 43053 (

vlqfh wkh plg 4<:3v/ dqg lwv uhodwlyho| odujh vkduh lq Qruzd|*v wrwdo h{sruw ri jrrgv dqg vhuylfhv/

vhh Dvodnvhq dqg Emhunkrow +4<;9, dqg Vwdwlvwlfv Qruzd| +4<<;,1 Iru h{dpsoh/ lq wkh shulrg 4<<40

4<<:/ Qruzd|*v rlo surgxfwlrq kdv ehhq derxw 41: wr 6 ploolrq eduuhov d gd| dqg rlo dqg jdv h{sruwv

kdyh pdgh xs pruh wkdq 426 ri lwv wrwdo h{sruw ri jrrgv dqg vhuylfhv1

D qxpehu ri dujxphqwv fdq eh sxw iruzdug wr h{sodlq zk| wkh qrplqdo h{fkdqjh udwh ri dq

rlo surgxflqj frxqwu| pd| dssuhfldwh lq wkh idfh ri kljkhu rlo sulfhv dqg ghsuhfldwh zkhq wkh|

idoo1 Iluvwo|/ kljkhu rlo sulfhv lqfuhdvh ghpdqg iru wkh fxuuhqf| ri dq rlo h{sruwlqj frxqwu| dqg

wkhuhe| udlvh lwv sulfh uhodwlyh wr rwkhu fxuuhqflhv1 Vhfrqgo|/ li wkh orqj uxq uhdo h{fkdqjh udwh

ghshqgv rq rlo sulfhv/ kljkhu rlo sulfhv pd| fuhdwh d zhgjh ehwzhhq wkh orqj uxq +htxloleulxp,

uhdo h{fkdqjh udwh dqg wkh dfwxdo uhdo h{fkdqjh udwh/ fi1 Doh{dqghu hw do1 +4<<:,15 Frqvhtxhqwo|/

wkh qrplqdo h{fkdqjh udwh pd| dssuhfldwh/ hyhq ryhuvkrrw lwv htxloleulxp ydoxh li wkh uhodwlyh

sulfhv duh xqfkdqjhg/ wr eulqj wkh dfwxdo uhdo h{fkdqjh udwh lq olqh zlwk lwv htxloleulxp ydoxh/

fi1 Gruqexvfk +4<:9, dqg Pdun +4<<3,1 Wklugo|/ li wkh uhdo h{fkdqjh udwh lv frqvwdqw lq wkh orqj

uxq/ dv suhvfulehg e| wkh sxufkdvlqj srzhu sdulw| +SSS, wkhru|/ kljkhu rlo sulfhv pd| vwloo eulqj

derxw d vkruw uxq dssuhfldwlrq ri wkh uhdo dqg qrplqdo h{fkdqjh udwhv wkurxjk phfkdqlvpv wkdw

duh zhoo nqrzq iurp wkh Gxwfk glvhdvh olwhudwxuh/ vhh h1j1 Frughq +4<;7,1 Dffruglqjo|/ kljkhu rlo

sulfhv ohdg wr d uhydoxdwlrq ri shwurohxp zhdowk dqg lqfuhdvh uhyhqxhv iurp wkh rlo h{sruwv/ vhh

Jroxe +4<;6,1 Wklv zhdowk dqg lqfrph hòhfw fdq lqfuhdvh djjuhjdwh frqvxpswlrq dqg udlvh wkh

ghpdqg iru +lqwhuqdwlrqdoo|, wudghg dqg qrq0wudghg jrrgv1 Dv d uhvxow ri kljkhu ghpdqg iru wkh

odwwhu jrrgv/ grphvwlf sulfhv pd| ulvh dqg sodfh dssuhfldwlrq suhvvxuh rq wkh uhdo h{fkdqjh udwh/

dqg wkhuhe| lqgxfh d wudqvihu ri uhvrxufhv iurp wkh vhfwru ri wudgdeohv wr qrq0wudgdeohv16 Gxh wr

vwlfn| sulfhv/ krzhyhu/ wkh qrplqdo h{fkdqjh udwh pd| dssuhfldwh lq wkh vkruw uxq dqg vshhg xs

wkh uhdo h{fkdqjh udwh dssuhfldwlrq wr ohyhov frqvlvwhqw zlwk wkh whpsrudu| wudqvihu ri uhvrxufhv

ehwzhhq wkh vhfwruv/ vhh Euxqr dqg Vdfkv +4<;5,1 Lq wkh orqj uxq/ krzhyhu/ wkh qrplqdo h{fkdqjh

udwh lv qrw gluhfwo| uhodwhg wr rwkhu yduldeohv wkdq grphvwlf dqg iruhljq sulfhv1 Zkhq rlo sulfhv

idoo/ wkh dujxphqwv deryh fdq eh uhyhuvhg wr h{sodlq suhvvxuh iru fxuuhqf| ghsuhfldwlrq1

Hpslulfdo vwxglhv kdyh/ krzhyhu/ surylghg pl{hg vxssruw iru wkh dvvxphg fryduldqfh ehwzhhq

wkh rlo sulfh dqg wkh Qruzhjldq h{fkdqjh udwh/ vhh h1j1 Emáuyln/ Prun dqg Xssvwdg +4<<;, dqg

Dnudp dqg Krowhu +4<<9,17 Wkhvh vwxglhv ñqg d vwdwlvwlfdoo| lqvljqlñfdqw dqg ru qxphulfdoo| zhdn

uhodwlrq ehwzhhq wkh rlo sulfh dqg wkh ydoxh ri wkh nurqh1 Iljxuh 414/ zklfk vkrzv d furvv sorw

ehwzhhq wkh Euhqw Eohqg rlo sulfh lq XV grooduv dqg wkh nurqh2HFX h{fkdqjh udwh +lqgh{hg,

wrjhwkhu zlwk wkh dvvrfldwhg uhjuhvvlrq olqh/ looxvwudwhv wkh h{lvwlqj hpslulfdo uhvxowv1 Wkh furvv

sorw grhv qrw lqglfdwh dq| reylrxv uhodwlrq ehwzhhq wkh rlo sulfh dqg wkh Qruzhjldq h{fkdqjh udwh/

dqg wkh uhjuhvvlrq olqh lqglfdwhv d vpdoo srvlwlyh fryduldqfh dqg qrw d qhjdwlyh rqh dv h{shfwhg1

Vxfk hpslulfdo ñqglqjv duh sx}}olqj lq wkh oljkw ri wkh wkhruhwlfdo olwhudwxuh dqg wkh zlgho| vkduhg

eholhi wkdw wkh rlo sulfh kdv ehhq dq lpsruwdqw idfwru ehklqg wkh pdmru ðxfwxdwlrqv lq wkh ydoxh

ri wkh nurqh gxulqj wkh 4<<3v dqg lv wr eodph iru lwv ghydoxdwlrq lq 4<;91

Krzhyhu/ wkh hpslulfdo uhvxowv fdq eh lqwhusuhwhg lq wzr zd|v1 Rqh lqwhusuhwdwlrq lv wkdw
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Iljxuh 414= Furvv sorw ri wkh HFX lqgh{/ dq lqgh{ iru wkh nurqh2HFX h{fkdqjh udwh/ dqg wkh sulfh
ri fuxgh rlo lq XV grooduv +krul}rqwdo d{lv, wrjhwkhu zlwk d uhjuhvvlrq olqh1 Wkh sorw lv vdvhg rq
793; gdlo| revhuydwlrqv ryhu wkh shulrg 41414<;90451;14<<;1

wkh _wuxh% uhodwlrq ehwzhhq wkh rlo sulfh dqg wkh ydoxh ri wkh Qruzhjldq fxuuhqf| lv zhdn/ dw

ehvw/ dqg wkh hpslulfdo uhvxowv duh d uhðhfwlrq ri wklv idfw1 Khqfh wkh frpprq eholhi kdv qr ñup

jurxqg1 Lqghhg/ hpslulfdo vwxglhv ri wkh rlo sulfh dqg h{fkdqjh udwhv ri rwkhu frxqwulhv riwhq

uhsruw dq xqvwdeoh uhodwlrq ehwzhhq wkhvh yduldeohv/ fkdudfwhulvhg e| fkdqjhv lq wkh vljq dqg vl}h

ri frhïflhqwv ryhu glòhuhqw vxe0vdpsohv/ vhh h1j1 Vkd}ol +4<;<, dqg Gh Judxzh +4<<9/ ss1 4790

47<,1 Pruhryhu/ dw ohdvw iru wkh dssuhfldwlrq suhvvxuh lq 4<<92<:/ dq dowhuqdwlyh h{sodqdwlrq lv

ròhuhg e| h1j1 Nylohnydo dqg Yædugdo +4<<:,1 Lw lv dujxhg wkdw wkh dssuhfldwlrq suhvvxuh durvh dv d

uhvxow ri kljkhu lqwhuhvw udwhv lq Qruzd| uhodwlyh wr wkrvh lq wkh HX frxqwulhv wkurxjkrxw 4<<9/ fi1

Iljxuh 714 lq wkh dsshqgl{ ri wklv sdshu1 Dujxdeo|/ wkh glòhuhqfh lq wkh lqwhuhvw udwhv ruljlqdwhg

lq Qruzhjldq dxwkrulwlhv dwwhpswv wr gdpshq wkh lqðdwlrqdu| suhvvxuh lq Qruzd|1

Wkh rwkhu lqwhusuhwdwlrq lv wkdw wkh frpprq eholhi lv qrw edvhohvv/ exw wkh sx}}oh dulvhv iurp wkh

hpslulfdo dssurdfk wrzdugv hvwlpdwlqj wkh uhodwlrq ehwzhhq rlo sulfhv dqg wkh h{fkdqjh udwh1 Wkh

suhvhqw sdshu whvwv iru wklv vhfrqg lqwhusuhwdwlrq1

D frpprq ihdwxuh ri prvw vwxglhv wkdw phdvxuh wkh olqn ehwzhhq wkh rlo sulfh dqg wkh h{fkdqjh

udwh/ lqfoxglqj wkrvh frqgxfwhg rq Qruzhjldq gdwd/ lv wkdw wkh| +lpsolflwo|, dvvxph v|pphwulf

hòhfwv rq wkh h{fkdqjh udwh iurp dq lqfuhdvh dqg d ghfuhdvh lq wkh rlo sulfh1 Ixuwkhupruh/ wkh rlo

sulfh hòhfwv duh dvvxphg wr eh lqghshqghqw ri wkh ohyho ri rlo sulfhv1 Dffruglqjo|/ +orj, olqhdu prghov

duh hpsor|hg wr fdswxuh wkhlu hòhfwv rq d jlyhq h{fkdqjh udwh1 Wklv vwxg| txhvwlrqv zkhwkhu lw

lv wkh xvh ri olqhdu prghov/ lpsrvlqj v|pphwulf rlo sulfh hòhfwv/ wkdw ohdgv wr dq xqghuhvwlpdwlrq

ri rlo sulfh hòhfwv rq wkh Qruzhjldq h{fkdqjh udwh dqg khqfh idlo wr h{sodlq pdmru fkdqjhv lq wkh

h{fkdqjh udwh lq wkh idfh ri odujh ðxfwxdwlrqv lq rlo sulfhv1

D qrq0olqhdu uhodwlrq ehwzhhq rlo sulfhv dqg wkh Qruzhjldq h{fkdqjh udwh vhhpv wr eh uhdvrqdeoh

li rqh wdnhv lqwr dffrxqw wkh dfwxdo prqhwdu| srolf| dqg uroh ri wkh fhqwudo edqn lq lwv frqgxfw1

Vlqfh 4<:5/ wkh Qruzhjldq prqhwdu| srolf| kdv ehhq dlphg dw h{fkdqjh udwh vwdelolvdwlrq djdlqvw
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+zhvwhuq, Hxurshdq fxuuhqflhv/ vhh Doh{dqghu hw do1 +4<<:, dqg Qrujhv Edqn +4<;:/ 4<<8, iru

ghwdlov dqg ryhuylhz1 Lq wklv prqhwdu| srolf| iudphzrun/ wkh qrplqdo h{fkdqjh udwh zloo glvsod|

+h{fhvvlyh, ðxfwxdwlrqv/ gxh wr dq dssuhfldwlrq ru ghsuhfldwlrq suhvvxuh dulvlqj iurp fkdqjhv lq

h1j1 rlo sulfhv/ rqo| li wkh fhqwudo edqn lv xqdeoh ru xqzloolqj wr hqvxuh vwdelolw| lq wkh h{fkdqjh

udwh1 Lw iroorzv wkdw rqh lv pruh olnho| wr revhuyh d qhjdwlyh uhodwlrq ehwzhhq rlo sulfhv dqg wkh

ydoxh ri wkh nurqh zkhq wkh dxwkrulwlhv dedqgrq wkh sudfwlfh ri fxuuhqf| vwdelolvdwlrq1

Vwxglhv ri fxuuhqf| fulvhv vxjjhvw wkdw d fhqwudo edqn lv riwhq pruh zloolqj wr dqg fdsdeoh ri

uhvlvwlqj d suhvvxuh iru fxuuhqf| dssuhfldwlrq wkdq d ghsuhfldwlrq suhvvxuh/ fi1 Iorrg dqg Pdulrq

+4<<;, dqg wkh uhihuhqfhv wkhuhlq1 Wklv dv|pphwu| lv h{sodlqhg e| srlqwlqj wr wkh uhodwlyho|

kljkhu frvwv ri uhvlvwlqj d ghsuhfldwlrq suhvvxuh wkdq dq dssuhfldwlrq suhvvxuh1 Wkh frvwv duh riwhq

phdvxuhg lq whupv ri vdfulñfhv ri remhfwlyhv rwkhu wkdq h{fkdqjh udwh vwdelolvdwlrq sxuvxhg e|

d fhqwudo edqn1 Wkhvh pd| eh frqfhuqv iru xqhpsor|phqw/ frpshwlwlyhqhvv/ hfrqrplf jurzwk/

lqðdwlrq dqg ru wkh yldelolw| ri ñqdqfldo lqvwlwxwlrqv gxh wr lwv uroh dv d ohqghu ri odvw uhvruw/ fi1

Revwihog +4<<7, dqg Fdoyr +4<<;,18

Wkh irup ri d srvvleo| qrq0olqhdu uhodwlrq ehwzhhq rlo sulfhv dqg wkh Qruzhjldq h{fkdqjh udwh

lv qrw nqrzq dqg kdv wr eh dvvxphg1 Wklv lv krzhyhu d jhqhudo sureohp zkhq qrq0olqhdu uhodwlrqv

ehwzhhq yduldeohv duh frqvlghuhg dqg qrw vshflñf wr wklv fdvh1 Pruhryhu/ whvwv ri d olqhdu uhodwlrq

djdlqvw d qrq0olqhdu uhodwlrq duh riwhq ghvljqhg wr kdyh srzhu djdlqvw vshflñf qrq0olqhdu irupv/

vhh h1j1 Judqjhu/ Whu�dvyluwd dqg Wmávwkhlp +4<<8,1 Wr dyrlg pdnlqj d sulrul dvvxpswlrqv derxw

wkh irup ri d srvvleo| qrq0olqhdu uhodwlrq ehwzhhq wkh rlo sulfh dqg wkh h{fkdqjh udwh/ wklv sdshu

vwduwv rxw zlwk dq h{dplqdwlrq ri wkh revhuyhg ydoxhv ri wkhvh yduldeohv xvlqj judskv dqg edvlf

ghvfulswlyh phdvxuhv1 Wkh ñqglqjv iurp wklv dqdo|vlv duh wkhuhdiwhu irupdolvhg dqg whvwhg zlwklq

wkh iudphzrun ri pxowlyduldwh prghov iru wkh Qruzhjldq h{fkdqjh udwh1

Wkh sdshu surfhhgv dv iroorzv= Wkh qh{w vhfwlrq +5, h{dplqhv gdlo| revhuydwlrq ri wkh

nurqh2HFX h{fkdqjh udwh +khuhdiwhu uhihuuhg wr dv wkh HFX lqgh{, dqg wkh rlo sulfh ryhu wkh

shulrg Mdqxdu| 4<;90Dxjxvw 4<<;/ lq vhdufk iru hpslulfdoo| vwdeoh sdwwhuqv19 D uhjxodu sdwwhuq lv

olnho| wr hphujh pruh fohduo| lq gdlo| revhuydwlrqv vlqfh wkh| duh pruh qxphurxv wkdq revhuydwlrqv

froohfwhg dw orzhu iuhtxhqflhv1 Wkh fkrlfh ri wkh HFX lqgh{ uhðhfwv wkh Qruzhjldq srolf| ri h{0

fkdqjh udwh vwdelolvdwlrq djdlqvw wkh HFX gxulqj wkh 4<<3v1 Wkh h{dplqdwlrq wxuqv rxw wr uhyhdo

d qrq0olqhdu/ ru vwdwh ghshqghqw/ uhodwlrq ehwzhhq wkh rlo sulfh dqg wkh HFX lqgh{1 Wkh elyduldwh

dqdo|vlv lv/ krzhyhu/ xqdeoh wr frqwuro iru wkh lqðxhqfh ri rwkhu h{fkdqjh udwh ghwhuplqdqwv wkdw

pljkw h{sodlq wkh dssduhqw qrq0olqhdulw|1

Wklv olplwdwlrq lv ryhufrph lq vhfwlrq 6/ zklfk whvwv wkh ñqglqjv iurp wkh elyduldwh dqdo|vlv

dqg hvwlpdwhv wkh qrq0olqhdu rlo sulfh hòhfwv xvlqj htxloleulxp fruuhfwlrq prghov +HtFPv, iru wkh

h{fkdqjh udwh/ vhh Khqgu| +4<<8,1 Wr furvv0fkhfn wkh ñqglqjv/ wklv vhfwlrq prghov wkh HFX lqgh{

xvlqj prqwko| gdwd ryhu 4<<3=44 wr 4<<;=44 dqg wkh qrplqdo hòhfwlyh h{fkdqjh udwh +H, xvlqj

txduwhuo| gdwd ryhu wkh shulrg 4<:5=5 wr 4<<:=71 Wkh txduwhuo| gdwd vhw fryhuv doprvw doo rlo sulfh

vkrfnv lq wkh RSHF hud dqg wkh h{fkdqjh udwh ðxfwxdwlrqv vlqfh wkh hqg ri wkh Euhwwrq Zrrgv

v|vwhp1 Wkxv/ wkh prgho ri H hqdeohv d vrxqg dvvhvvphqw ri wkh uhvxowv lpsolhg e| wkh elyduldwh

DBi?ih@**) @ |h@_i Lg êð** i ðt| Mi|êii? hi@*ðt@|ðL? Lu |üiti @__ð|ðL?@* LMéiU|ðñit êüihi ð| 4@) @TTi@h *itt ULt|*)
uLh @ Ui?|h@* M@?! |L ië}ë *Lêih ð?|ihit| h@|it ð? |üi u@Ui Lu @? @TThiUð@|ðL? Thittýhi |ü@? h@ðti ð?|ihit| h@|it ð? |üi
u@Ui Lu @ _iThiUð@|ðL? Thittýhië ,tTiUð@**)c ðu ð| ðt 4Lhi UL?Uih?i_ êð|ü |üi Rtð_i igiU|tâ L? @U|ðñð|) *iñi* |ü@? L?
ð?ã@|ðL?ë

Sú** i4TðhðU@* hitý*|t @?_ }h@Tüt @hi LM|@ð?i_ ýtð?} èUBðñi bë�f @?_ Bðñi`ð? �ë2ec tii Oi?_h) @?_ #LLh?ð!
E�bbSc �bbHäë
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dqdo|vlv dqg wkh prgho ri wkh HFX lqgh{1

Lq dgglwlrq/ erwk wkh HFX lqgh{ dqg wkh H duh prghoohg zlwk olqhdu dqg qrq0olqhdu rlo sulfh

hòhfwv1 Wkh prghov zlwk olqhdu rlo sulfh hòhfwv vhuyh dv rxu uhihuhqfh prghov dqg khos xv wr

mxgjh zkhwkhu d fkdqjh lq wkh uhsuhvhqwdwlrq ri rlo sulfh hòhfwv ohdgv wr ehwwhu prgho surshuwlhv1

Pruhryhu/ wkh sdlu ri prghov iru wkh HFX lqgh{ dqg iru wkh H> zklfk duh vlplodu wr hdfk rwkhu exw

iru wkh glòhuhqfh lq wkh uhsuhvhqwdwlrq ri rlo sulfh hòhfwv/ pd| khos xv wr lvrodwh wkh frqwulexwlrq

ri qrq0olqhdulvdwlrq rq wkh hvwlpdwhv ri rlo sulfh hòhfwv dqg surshuwlhv ri wkh prghov1 Wklv/ ghvslwh

srvvleoh eldv lq wkh hvwlpdwhv ri rlo sulfh hòhfwv lq d jlyhq prgho rzlqj wr idfwruv wkdw duh qrw

wdnhq dffrxqw ri/ ru gxh wr xqixoñoohg frqglwlrqv iru ydolg lqihuhqfh1 Iru lqvwdqfh/ eldv wkdw fdq

dulvh gxh wr rxu xvh ri vlqjoh htxdwlrq prghov li wkh hpsor|hg uhjuhvvruv duh qrw zhdno| h{rjhqrxv

iru wkh sdudphwhuv uhsuhvhqwlqj rlo sulfh hòhfwv/ vhh Hqjoh/ Khqgu| dqg Ulfkdug +4<;6,1

Ixuwkhupruh/ zh xqghuwdnh dq h{whqvlyh hydoxdwlrq ri wkh prghov zlwk qrq0olqhdu rlo sulfh

hòhfwv wr h{dplqh wkh urexvwqhvv ri wkh rewdlqhg uhvxowv1 Iru lqvwdqfh/ zh lqyhvwljdwh zkhwkhu

rxu suhihuuhg prgho dqg wkh lpsolhg rlo sulfh hòhfwv uhpdlq lqyduldqw zkhq h{srvhg wr dgglwlrqdo

lqirupdwlrq lq wkh irup ri h{wud yduldeohv dqg revhuydwlrqv qrw xvhg lq wkh ghulydwlrq ri wkh

prgho1 Dovr/ zh frpsduh lwv phulwv djdlqvw dq dowhuqdwlyh prgho zlwk olqhdu rlo sulfh hòhfwv/ exw

zlwk ghwhuplqlvwlf yduldeohv wr dffrxqw iru wkh dssduhqw qrq0olqhdulw|> irfxvlqj rq wkhlu lq0vdpsoh

dqg rxw0ri0vdpsoh h{sodqdwru| srzhu/ lq sduwlfxodu1

Vhfwlrq 7 uhlwhudwhv wkh pdlq uhvxowv zkloh wkh dsshqgl{ frqwdlqv suhflvh ghñqlwlrqv ri wkh

yduldeohv/ wkhlu vrxufhv/ judskv dqg wdeohv ri wkhlu wlph vhulhv surshuwlhv1

2ë ,4TðhðU@* hi}ý*@hð|ðit

Wkh dqdo|vlv lq wklv vhfwlrq lv edvhg rq gdlo| revhuydwlrqv ri wkh HFX lqgh{ dqg wkh Euhqw Eohqg

vsrw rlo sulfh lq XV grooduv shu eduuho1 Wkh HFX lqgh{ uhsuhvhqwv wkh nurqh2HFX h{fkdqjh udwh

zlwk 433 @ :1<773/ zklfk uhihuv wr wkh fhqwudo ydoxh ri wkh nurqh2HFX udwh zkhq wkh nurqh zdv

shjjhg wr wkh HFX rq Rfwrehu 55/ 4<<31 Wkh vdpsoh frqvlvwv ri 793; revhuydwlrqv fryhulqj wkh

shulrg iurp Mdqxdu| 4/ 4<;9 wr Dxjxvw 45/ 4<<;1

Ehiruh hpedunlqj rq wkh ghvfulswlyh dqdo|vlv/ lw vkrxog eh nhsw lq plqg wkdw wklv vdpsoh frqwdlqv

revhuydwlrqv iurp wzr glòhuhqw h{fkdqjh udwh dqg fdslwdo prelolw| uhjlphv/ zklfk duh olnho| wr dòhfw

wkh revhuyhg uhodwlrq ehwzhhq wkh rlo sulfh dqg wkh HFX lqgh{ ryhu wkh vdpsoh shulrg1 Rq wkh

rqh kdqg/ wkh nurqh zdv vwdelolvhg djdlqvw wkh wudgh zhljkwhg edvnhw ri fxuuhqflhv +H, ehiruh wkh

shj wr wkh HFX lq Rfwrehu 4<<3/ zklfk doorzv d srvvleoh fryduldwlrq ehwzhhq wkh HFX lqgh{

dqg wkh rlo sulfh wr hphujh pruh fohduo| wkdq gxulqj wkh 4<<3v +zkhq wkh nurqh zdv pruh forvho|

olqnhg wr wkh HFX,1 Exw rq wkh rwkhu kdqg/ wkh Qruzhjldq iruhljq h{fkdqjh udwh uhjxodwlrqv zhuh

qrw glvpdqwohg ehiruh Mxo| 4/ 4<<31 Wkhvh olplwhg wkh fdslwdo prelolw| ehwzhhq Qruzd| dqg rwkhu

frxqwulhv dqg wkhuhe| wkh ðxfwxdwlrqv lq wkh h{fkdqjh udwh/ vhh Rovhq +4<<3,1 Wkxv lw lv qrw reylrxv

zkhwkhu srvvleoh fryduldwlrq ehwzhhq wkh nurqh2HFX h{fkdqjh udwh dqg wkh rlo sulfh lv doorzhg wr

hphujh pruh fohduo| gxulqj wkh 4<<3v ru gxulqj wkh 4<;3v1

Vxevhfwlrq 514 fkdudfwhulvhv wkh HFX lqgh{ dqg wkh rlo sulfh ryhu wkh vdpsoh dqg whvwv wkhlu

wlph vhulhv surshuwlhv1 Vxevhfwlrq 515 uhsruwv vrph sdwwhuqv lq wkh elyduldwh uhodwlrq ehwzhhq wkh

rlo sulfh dqg wkh HFX lqgh{ zklfk fohduo| vxjjhvw d qrq0olqhdu uhodwlrq ehwzhhq wkh rlo sulfh dqg

wkh h{fkdqjh udwh1
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Wdeoh 514= Whvwlqj wkh suhvhqfh ri d xqlw urrw lq wkh HFX lqgh{ dqg RLOSULFH/ gdlo| revhuydwlrqv
3413414<;904513;14<<;1

Yduldeoh DGI+g, e( w0ydoxh
HFX 8 031334< 051:35
HFX5LG 8 0313353 051<78ú

RLOS 8 031337: 06166;ú

5ii A@M*i eë� ð? |üi @TTi?_ð uLh _i|@ð*të úW?_ðU@|it
tð}?ð�U@?Ui @| |üi DI *iñi*ë Aüi Uhð|ðU@* ñ@*ýit @|

DI @?_ �I @hi í2ëHSô @?_ íôëeôDc hitTiU|ðñi*)ë
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ýti_ |L @_éýt| uLh |üi Mhi@! ð? |üi tihðit L? |üi

�fë @?_ ��ë #iUi4Mih �bb2ë

5141 Wkh h{fkdqjh udwh dqg wkh rlo sulfh

Wkh gdlo| revhuydwlrqv ri wkh HFX lqgh{ dqg wkh rlo sulfh duh glvsod|hg lq Iljxuh 514/ xsshu

sduw1 Wkhuh duh uhodwlyho| odujh vzlqjv lq wkh lqgh{ lq wkh ehjlqqlqj dqg lq wkh odvw sduw ri wkh

vdpsoh/ hvshfldoo| iurp wkh hqg ri 4<<9 +derxw revhuydwlrq 7333, dqg rqzdugv1 Wkh hduo| sduw ri

wkh vdpsoh fryhuv wkh ghydoxdwlrq ri wkh nurqh lq Pd| 4<;9 zkloh wkh odwwhu sduw ri wkh vdpsoh

fryhuv wkh dssuhfldwlrq ri wkh nurqh lq 4<<92<: dqg wkh ghsuhfldwlrq lq 4<<;1 Wkh shulrg ri wkh

irupdo shj iurp Rfwrehu 55/ 4<<3 wr Ghfhpehu 43/ 4<<5 +iurp revhuydwlrq 4:89 wr revhuydwlrq

586:, lv glvwlqjxlvkhg e| d kljk ghjuhh ri vwdelolw|1 Wkh yduldelolw| lq wkh lqgh{ lqfuhdvhv diwhu wkh

dedqgrqphqw ri wkh irupdo shj1 Krzhyhu/ lw frqwlqxhv wr eh uhodwlyho| vpdoo frpsduhg zlwk wkh

shulrg ehiruh 4<<3/ sduwlfxoduo| ehiruh wkh dxwxpq ri 4<<7= wkh lqwhuydo ehiruh revhuydwlrq 649;1

Wkh orzhu sduw ri Iljxuh 514 vkrzv wkdw wkh rlo sulfh kdv pdlqo| ðxfwxdwhg lq wkh udqjh ri derxw

47053 grooduv +shu eduuho,/ vhh dovr wkh klvwrjudpv lq Iljxuh 5151 Prvw ri wkh sulfhv rxwvlgh wklv

edqg fdq eh frqñqhg wr vshflñf shulrgv1 Sulfhv ehorz 47 grooduv rffxu prvwo| lq 4<;9 dqg 4<<;1

Gxulqj wkhvh shulrgv rlo sulfhv hyhq ihoo ehorz 43 grooduv1 Sulfhv lq h{fhvv ri 53 grooduv duh prvwo|

iurp wkh Jxoi zdu shulrg lq 4<<32<4 dqg iurp 4<<92<: zkhq wkh| lqfuhdvhg xs wr 75 grooduv dqg

58 grooduv/ uhvshfwlyho|1

Wkh ryhudoo lpsuhvvlrq lv wkdw erwk wkh HFX lqgh{ dqg wkh rlo sulfh fdq eh fkdudfwhulvhg dv

phdq uhyhuwlqj surfhvvhv/ lq sduwlfxodu zkhq rqh dffrxqwv iru wkh euhdn lq wkhvh vhulhv1 Wklv

lpsuhvvlrq lv vxssruwhg e| wkh uhvxowv lq Wdeoh 514/ zklfk uhsruwv wkh uhvxow ri dxjphqwhg Glfnh|0

Ixoohu +DGI, whvwv/ vhh h1j1 Edqhumhh/ Grodgr/ Jdoeudlwk dqg Khqgu| +4<<6/ fk1 7,1 Wkh qxoo

k|srwkhvhv duh ri xqvwdeoh +ru lqwhjudwhg, surfhvvhv iru wkh HFX lqgh{ dqg wkh rlo sulfh1 Wkh qxoo

k|srwkhvlv iru wkh HFX lqgh{ lv qrw uhmhfwhg dw vwulfwo| 8( ohyho ri vljqlñfdqfh/ exw uhmhfwhg zkhq

wkh euhdnv lq Ghfhpehu 4<<5 duh dffrxqwhg iru1: Wkh odwwhu uhvxow lv dv h{shfwhg lq wkh oljkw ri

wkh Qruzhjldq srolf| ri h{fkdqjh udwh vwdelolvdwlrq1 Lw lv zhoo nqrzq wkdw dq DGI whvw whqgv wr

xqghuuhmhfw wkh qxoo k|srwkhvlv zkhq wkhuh duh euhdnv lq d vhulhv/ vhh Shuurq +4<;<,1

Wkh qxoo k|srwkhvlv ri dq lqwhjudwhg rlo sulfh surfhvv lv uhmhfwhg dw wkh 8( ohyho ri vljqlñfdqfh/

hyhq zkhq wkh h{fhswlrqdoo| kljk rlo sulfhv gxulqj wkh Jxoi Zdu duh qrw frqwuroohg iru1 Wkh

uhvxow lv frqvlvwhqw zlwk Kruvqhoo dqg Pdeur +4<<;/ ss1 4;9, zkr xvh derxw wkuhh |hduv ri gdlo|

revhuydwlrqv/ dqg zlwk vwxglhv edvhg rq orqjhu vdpsohv ri gdwd/ vhh h1j1 Shuurq +4<;<, dqg Juhhq/

.ï?i U@? @h}ýi uLh |üi ýti Lu 4Lhi UL?tihñ@|ðñi Uhð|ðU@* ñ@*ýit tð?Ui |üi |it| ðt M@ti_ L? @ 4L_i* êð|ü 4Lhi
_i|ih4ð?ðt|ðU ñ@hð@M*it |ü@? ð? |üi t|@?_@h_ U@tic Uuë î@?ihéii i| @*ë E�bbôc Uüë eäë
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Iljxuh 514= HFX lqgh{ +deryh, dqg wkh sulfh ri fuxgh rlo1 Gdlo| revhuydwlrq iurp 3413414<;9 wr
4513;14<<;/ 793; revhuydwlrqv1
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Iljxuh 515= Klvwrjudpv ri wkh gdlo| revhuydwlrqv ri wkh rlo sulfh xvlqj wkh zkroh vdpsoh +deryh,
dqg wkrvh iurp wkh shulrg ri shj wr wkh HFX +erwwrp,1
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Iljxuh 516= HFX lqgh{ +gdvkhg, dqg wkh rlo sulfh iurp 3413414<;9 wr 4513;14<<;1 Wkh HFX lqgh{
lv phdq dqg yduldqfh dgmxvwhg wr wkh rlo sulfh1

Prun dqg Yddjh +4<<9,1 Jlyhq wkh vxssruw iru d phdq uhyhuvlrq surshuw| lq wkh rlo sulfh/ wkh

udqjh 47053 grooduv fdq eh lqwhusuhwhg dv wkh qrupdo udqjh ri wkh rlo sulfh lq wkh vdpsoh shulrg1

5151 Fryduldqfh ehwzhhq wkh h{fkdqjh udwh dqg wkh rlo sulfh

Wklv vxevhfwlrq wdnhv d forvhu orrn dw wkh elyduldwh uhodwlrq ehwzhhq wkh rlo sulfh dqg wkh HFX

lqgh{1 Lw srlqwv rxw wkdw wkhvh yduldeohv jhqhudoo| glvsod| d qhjdwlyh fryduldqfh exw lwv vwuhqjwk

ghshqgv rq wkh ohyho ri wkh rlo sulfh dqg rq zkhwkhu ru qrw lw lv idoolqj1

Iljxuh 516 vxjjhvwv wkdw/ lq jhqhudo/ wkh fryduldqfh ehwzhhq wkh rlo sulfh dqg wkh HFX lqgh{ lv

qhjdwlyh dqg uhodwlyho| vwurqj zkhq wkh rlo sulfh pryhv rxwvlgh wkh udqjh ri derxw 47053 grooduv/

khuhdiwhu uhihuuhg wr dv wkh qrupdo udqjh/ exw ehfrphv qhjoljleoh zlwk d srvlwlyh ru qhjdwlyh vljq

zkhq lw ðxfwxdwhv lqvlgh wklv udqjh1 Dv qrwhg deryh/ wkhuh vhhp wr kdyh ehhq irxu +pdlq, shulrgv

zlwk sulfhv rxwvlgh wkh qrupdo udqjh/ 4<;9 dqg 4<<; zlwk sulfhv ehorz 47 grooduv dqg 4<<32<4

dqg 4<<92<: zlwk sulfhv deryh 53 grooduv1 Lq wkuhh ri wkhvh shulrgv/ pryhphqwv lq wkh rlo sulfh

frlqflgh zlwk odujh ðxfwxdwlrqv lq wkh h{fkdqjh udwh1 Pruh vshflñfdoo|/ erwk wkh ghydoxdwlrq lq

4<;9 dqg wkh ghsuhfldwlrq lq 4<<; frlqflgh zlwk sulfhv ehorz 47 grooduv zkloh wkh dssuhfldwlrq lq

4<<92<: frlqflghv zlwk sulfhv deryh 53 grooduv1 Qrwh dovr wkdw diwhu wkh dssuhfldwlrq suhvvxuh/

wkh HFX lqgh{ vhhpv wr fudzov edfn wr wkh suh0dssuhfldwlrq ohyho dqg wklv dsshduv wr frlqflgh

zlwk d uhwxuq ri wkh rlo sulfh wr wkh qrupdo udqjh1 Krzhyhu/ wkh xqsuhfhghqwhg kljk rlo sulfhv

gxulqj wkh Jxoi zdu lq 4<<32<4 gr qrw ohdg wr dq| qrwlfhdeoh dssuhfldwlrq ri wkh nurqh phdvxuhg

e| wkh HFX lqgh{1 Wkh nurqh zdv irupdoo| shjjhg wr wkh HFX lq wklv shulrg/ exw rqh pd| vwloo

zrqghu dw wkh devhqfh ri dq| frqvlghudeoh dssuhfldwlrq suhvvxuh gxulqj wklv shulrg1; Wkh srvlwlyh

HûLh}it î@?! E�bbfc TTë �eDä hiULh_t @ ?i| TýhUü@ti Lu uLhið}? Uýhhi?U) i^ýðñ@*i?| |L @MLý| S Mð**ðL? ûïk
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fryduldqfh ru }hur2qhjoljleoh fryduldqfh fdq eh fohduo| revhuyhg lq wkh revhuydwlrqv xs wr 4:33/

zklfk fruuhvsrqgv wr wkh shulrg ehiruh Mdqxdu| 4<<31

Iljxuh 517 irfxvhv rq wkh fryduldwlrq ehwzhhq wkh HFX lqgh{ dqg wkh rlo sulfh lq glòhuhqw vxe

shulrgv1 Lw glvsod|v wkh fryduldwlrq ehwzhhq wkhvh yduldeohv lq 49 htxdoo| vl}hg vdpsohv frqvlvwlqj

ri 5;; +@ 793;249, revhuydwlrqv1 Hdfk vdpsoh fryhuv d qrq0ryhuodsslqj shulrg ri derxw < 425

prqwkv1 Iru h{dpsoh/ vdpsoh 4 frqvlvwv ri wkh ñuvw 5;; revhuydwlrqv iurp Mdqxdu| 4/ 4<;9 wr

Rfwrehu 48/ 4<;9/ zkloh vdpsoh 5 frqvlvwv ri wkh qh{w 5;; revhuydwlrqv iurp Rfwrehu 49 / 4<;9 wr

Mxo| 63/ 4<;:/ dqg vr rq1 Wkh ghjuhh ri fruuhodwlrq lq hdfk vdpsoh lv dovr uhsruwhg1 Iljxuh 518

glvsod|v wkh ohyho ri wkh rlo sulfh lq wkh fruuhvsrqglqj vdpsohv1 Iru lqvwdqfh/ vdpsoh 4 lq Iljxuh

518 sorwv wkh ñuvw 5;; revhuydwlrqv ri wkh rlo sulfh ryhu wkh shulrg Mdqxdu| 4/ 4<;9 wr Rfwrehu 48/

4<;9/ dqg vr rq1

Iljxuh 517 frqñupv wkh lpsuhvvlrq iurp Iljxuh 516 exw dovr dggv vrph qhz lqvljkw1 Lw vkrzv

wkdw=

0 Wkhuh lv qhjdwlyh fryduldqfh lq prvw ri wkh vdpsohv exw srvlwlyh ru qhjoljleoh fryduldqfh lq

vdpsoh 8/ 9/ ; dqg 441 Lq wkhvh vdpsohv wkh rlo sulfh lv prvwo| lqvlgh wkh qrupdo udqjh/ h{fhsw

lq vdpsoh 9 zkhuh wkh srvlwlyh fryduldqfh fdq eh dvfulehg wr wkh kljk rlo sulfhv gxulqj wkh

Jxoi Zdu1

0 Wkh vwuhqjwk ri wkh qhjdwlyh fryduldqfh vhhpv wr ghshqg rq zkhwkhu wkh rlo sulfh lv lqvlgh

ru rxwvlgh wkh qrupdo udqjh1 Lw lv txlwh zhdn lq vdpsoh 5/ 45 dqg 46 exw vwurqjhu lq vdpsoh

4/ </ 43/ 47/ 48 dqg 491 Lq wkh iruphu vdpsohv/ wkh rlo sulfh lv prvwo| lqvlgh wkh qrupdo

udqjh/ zkloh wkh odwwhu vdpsohv/ zlwk wkh h{fhswlrq ri vdpsoh 43 dqg shukdsv 48/ frqwdlq d

uhodwlyho| odujh qxpehu ri rlo sulfh revhuydwlrqv rxwvlgh wkh qrupdo udqjh1 Lq vdpsoh 43/ wkh

revhuydwlrqv duh prvwo| lqvlgh wkh qrupdo udqjh1

0 Wkh qhjdwlyh fryduldqfh vhhpv wr eh vwurqjhu zkhq wkh rlo sulfh lv idoolqj frpsduhg zlwk

zkhq lw glvsod|v d ulvlqj wuhqg1 Iru h{dpsoh/ vdpsohv 43 dqg < pd| eh frpsduhg zlwk 45

dqg 46/ uhvshfwlyho|1 Lq wkh ñuvw sdlu ri vdpsohv +43 dqg 45, dqg lq wkh vhfrqg sdlu +< dqg

46,/ rlo sulfhv ðxfwxdwh lq dssur{lpdwho| wkh vdph sulfh udqjhv/ vhh Iljxuh 5171 Krzhyhu/

dv lv hylghqw iurp Iljxuh 518/ wkh rlo sulfh glvsod|v d idoolqj wuhqg lq wkh shulrgv fryhuhg e|

vdpsohv 43 dqg < dqg d ulvlqj wuhqg lq wkh shulrgv fryhuhg e| vdpsohv 45 dqg 461 Iljxuh

517 vkrzv wkdw wkh qhjdwlyh fruuhodwlrq lv vwurqjhu lq vdpsohv 43 dqg < frpsduhg zlwk wkh

fruuhodwlrq lq vdpsohv 45 dqg 461

0 Wkh qhjdwlyh fryduldqfh vhhpv wr ghfuhdvh zlwk wkh ohyho ri wkh rlo sulfh1 Iljxuh 517 vkrzv

wkdw wkh vsuhdg ri revhuydwlrqv durxqg wkh uhjuhvvlrq olqhv lv zlghu dw kljkhu rlo sulfhv wkdq

dw orzhu rlo sulfhv1 Wklv lv hvshfldoo| dssduhqw lq vdpsohv 4/ 8/ </ 46 dqg 47/ zkhq wkh rlo

sulfh lv durxqg 53 grooduv1 Wklv sdwwhuq lv pruh surqrxqfhg lq odujhu vdpsohv ri wkh gdwd/ dv

vkrzq lq Iljxuh 5191

Wr vxppdulvh/ wkh judsklfdo dqdo|vlv vxjjhvwv erwk ohyho dqg wuhqg ghshqghqw rlo sulfh hòhfwv

rq wkh h{fkdqjh udwh1 Lq jhqhudo/ wkhuh lv d qhjdwlyh fryduldqfh ehwzhhq wkh rlo sulfh dqg wkh

h{fkdqjh udwh1 Wkh ghjuhh ri fryduldqfh/ krzhyhu/ lv vwurqjhu zkhq wkh rlo sulfh lv rxwvlgh wkh

qrupdo udqjh ri derxw 47053 grooduv wkdq lqvlgh wklv udqjh/ zklfk dsshduv dv wkh qrupdo udqjh

ri rlo sulfhv lq wklv vdpsoh1 Wkh fryduldqfh dovr vkrzv d whqghqf| wr ghfuhdvh zlwk wkh ohyho ri
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Iljxuh 517= Furvv sorwv ri wkh HFX lqgh{ rq wkh rlo sulfh xvlqj qrq0ryhuodsslqj vdpsohv ri htxdo
vl}h1 Wkhvh vdpsohv duh ghulyhg e| vsolwwlqj wkh 793;/ gdlo| revhuydwlrqv iurp Mdqxdu| 4/ 4<;9
wr Dxjxvw 45/ 4<<;/ lqwr 49 vxevdpsohv1 Hdfk ri wkhp frqvlvwv ri 5;; revhuydwlrqv dqg fryhuv d
shulrg ri derxw < dqg 425 prqwkv1
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Iljxuh 518= Wkh rlo sulfh lq wkh 49 qrq0ryhuodsslqj shulrgv iurp Mdqxdu| 4/ 4<;9 wr Dxjxvw 45/
4<<;/ fi1 ñjxuh 5171
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Iljxuh 519= Furvv sorwv ri wkh HFX lqgh{ rq wkh rlo sulfh xvlqj gdlo| revhuydwlrqv1 Wkh vwudljkw
olqhv duh wkh fruuhvsrqglqj uhjuhvvlrq olqhv1

wkh rlo sulfh/ zklfk dovr lpsolhv wkdw wkh rlo sulfh hòhfw lv vwurqjhu zkhq rlo sulfhv duh ehorz wkh

qrupdo udqjh frpsduhg zlwk zkhq wkh| duh deryh wklv udqjh1 Lq dgglwlrq wr wkh ohyho hòhfwv/ wkh

fryduldqfh vhhpv wr ehfrph vwurqjhu zkhq wkh rlo sulfh lv rq d grzqzdug wuhqg udwkhu wkdq rq

dq xszdug wuhqg1 Wkxv/ wkh fryduldqfh dsshduv wr eh qhjoljleoh zkhq wkh rlo sulfh lv lqvlgh wkh

qrupdo udqjh/ xqohvv lw glvsod|v d idoolqj wuhqg1

Wkh elyduldwh dqdo|vlv ri wklv vxevhfwlrq/ krzhyhu/ grhv qrw frqwuro iru wkh srvvleoh lqðxhqfh ri

rwkhu h{fkdqjh udwh ghwhuplqdqwv1 Khqfh lw ròhuv d srwhqwldoo| eldvhg lpsuhvvlrq ri wkh uhodwlrqv

ehwzhhq wkh rlo sulfh dqg wkh h{fkdqjh udwh1 Wkh qh{w vhfwlrq pdnhv dwwhpswv wr fruuhfw iru wklv1

ôë �ý*|ðñ@hð@|i i Uü@?}i h@|i 4L_i*t

Lw lv zhoo grfxphqwhg wkdw ðxfwxdwlrqv lq rlo sulfhv ohdg wr frqvlghudeoh fkdqjhv lq pdfurhfrqrplf

yduldeohv/ vhh h1j1 Kdplowrq +4<;6, dqg Prun/ Rovhq dqg P|vhq +4<<7,1 Vrph ri wkhvh yduldeohv/

vxfk dv wkh fxuuhqw dffrxqw/ lqwhuhvw udwhv/ ohyho ri hfrqrplf dfwlylw| dqg lqðdwlrq/ duh dovr uhjdughg

dv lpsruwdqw ghwhuplqdqwv ri wkh qrplqdo h{fkdqjh udwh/ vhh h1j1 Iudqnho dqg Urvh +4<<8,1 Ehfdxvh

ri wkh fruuhodwlrq ehwzhhq wkhvh pdfurhfrqrplf yduldeohv dqg rlo sulfhv/ sduwldo hòhfwv ri wkh rlo

sulfh rq wkh h{fkdqjh udwh pd| eh txlwh glòhuhqw iurp wkrvh lqglfdwhg e| wkh elyduldwh dqdo|vlv1

Pruhryhu/ wkh qrq0olqhdu hòhfwv ri wkh rlo sulfh pljkw kdyh hphujhg gxh wr rxu idloxuh wr frqwuro

iru wkh lqðxhqfh ri wkhvh yduldeohv lq wkh suhfhglqj dqdo|vlv1 Lw fdqqrw eh suhfoxghg wkdw rqfh wkh|

duh dffrxqwhg iru/ wkh hòhfwv ri rlo sulfhv/ li dq|/ duh olqhdu dqg lqghshqghqw ri wkh ohyho dqg wkh

wuhqg lq wkh rlo sulfh1

Wkh sxusrvh ri wklv vhfwlrq lv wr frqwuro iru wkh lqðxhqfh ri srwhqwldoo| uhohydqw yduldeohv dqg

idfwruv zkhq whvwlqj= +d, zkhwkhu rlo sulfhv kdyh qrq0olqhdu hòhfwv rq wkh Qruzhjldq qrplqdo

h{fkdqjh udwh/ +e, zkhwkhu wkh hòhfwv duh ohyho dqg wuhqg ghshqghqw/ dv vxjjhvwhg e| wkh elyduldwh

dqdo|vlv/ dqg +f, zkhwkhu d olqhdu uhsuhvhqwdwlrq ri rlo sulfh hòhfwv ohdgv wr xqghuhvwlpdwlrq ri rlo
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sulfh hòhfwv rq wkh h{fkdqjh udwh1

Wr wklv hqg/ zh ghulyh vlqjoh htxdwlrq pxowlyduldwh prghov iru wkh h{fkdqjh udwh> vshflñfdoo|/

htxloleulxp fruuhfwlqj prghov +HtFPv, iru wkh Qruzhjldq qrplqdo h{fkdqjh udwh/ vhh Khqgu|

+4<<8,1 Wkhvh prghov duh qrw ghulyhg iurp d sduwlfxodu h{fkdqjh udwh wkhru| exw iurp txlwh

jhqhudo prghov frqwdlqlqj yduldeohv wkdw duh lqwhusuhwdeoh zlwklq glòhuhqw h{fkdqjh udwh wkhrulhv1

Wkh jhqhudo prghov kdyh wkhuhdiwhu ehhq vlpsolñhg e| iroorzlqj d _jhqhudo wr vshflñf%prghoolqj

vwudwhj| lq zklfk sduvlprq| lv vrxjkw wkurxjk gdwd edvhg frhïflhqw uhvwulfwlrqv/ vhh Khqgu|

+4<<8,1 Wkh h{fkdqjh udwh olwhudwxuh lv txlwh shvvlplvwlf zlwk uhjdug wr wkh delolw| ri pdfurhfrqrplf

yduldeohv wr h{sodlq h{fkdqjh udwh pryhphqwv/ vhh h1j1 Iudqnho dqg Urvh +4<<8,1 Krzhyhu/ prvw

hpslulfdo vwxglhv frqñqh wkhlu dwwhqwlrq wr yduldeohv dqg sdudphwhu ydoxhv lpsolhg e| d suhihuuhg

h{fkdqjh udwh wkhru|1 Uhodwlyho| jhqhudo prghov zlwkrxw d sulrul frhïflhqw uhvwulfwlrqv vhhp wr

eh ehwwhu htxlsshg wr h{sodlq h{fkdqjh udwh pryhphqwv dqg wr vhuyh wkhlu sxusrvh lq wkh suhvhqw

frqwh{w1

Vhfrqgo|/ wr frqylqfh rxuvhoyhv wkdw wkh rewdlqhg uhvxowv duh qrw dq duwhidfw ri d jlyhq gdwd

vdpsoh/ d prgho ru duh uhjlph vshflñf/ wklv vhfwlrq prghov uhodwlyh fkdqjhv lq erwk wkh HFX dqg

lq wkh wudgh zhljkwhg qrplqdo h{fkdqjh udwh +H,1 Wkh HFX lqgh{ lv prghoohg rq d prqwko| gdwd

vhw wkdw fryhuv wkh shulrg 4<<3=44 wr 4<<;=44/ zkloh wkh H +dovr lqgh{hg, lv prghoohg rq d txduwhuo|

gdwd vhw fryhulqj wkh shulrg 4<:5=504<<:=71 Wkh prqwko| gdwd vhw lv iurp wkh shulrg zlwk shj wr

wkh HFX zkloh wkh txduwhuo| gdwd vhw fryhuv doprvw wkh zkroh klvwru| ri wkh Qruzhjldq h{fkdqjh

udwh vlqfh wkh hqg ri Euhwwrq Zrrgv v|vwhp/ dqg doo wkh pdmru rlo sulfh vkrfnv lq wkh RSHF hud1

Wkh gdwd vhwv dovr glòhuv zlwk uhjdug wr fdslwdo prelolw| uhjlphv1 Lq frqwudvw wr wkh txduwhuo| gdwd

vhw/ wkh prqwko| gdwd vhw rqo| fryhuv wkh shulrg zlwk xquhjxodwhg fdslwdo prelolw|1 Wkh Qruzhjldq

iruhljq h{fkdqjh uhjxodwlrqv zhuh judgxdoo| uhpryhg lq wkh vhfrqg kdoi ri 4<;3v dqg zhuh ixoo|

glvpdqwohg e| Mxo| 4<<3/ vhh Rovhq +4<<3,1

Wklugo|/ zh dwwhpsw wr lvrodwh wkh frqwulexwlrq ri qrq0olqhdulvdwlrq rq wkh hvwlpdwhv ri rlo sulfh

hòhfwv dqg prghov* surshuwlhv e| ghulylqj prghov zlwk olqhdu dqg qrq0olqhdu rlo sulfh hòhfwv iru

erwk h{fkdqjh udwh lqglfhv1 Wkh wzr prghov iru d jlyhq h{fkdqjh udwh lqgh{ duh vlplodu wr hdfk

rwkhu exw iru wkh uhsuhvhqwdwlrq ri rlo sulfh hòhfwv1 Wkh glòhuhqfhv lq rlo sulfh hvwlpdwhv dqg lq

wkh surshuwlhv ri prghov dfurvv d jlyhq sdlu ri prghov pd| wkhuhiruh eh dvfulehg wr glòhuhqfhv

lq wkh uhsuhvhqwdwlrq ri rlo sulfh hòhfwv1 Wklv/ ghvslwh srwhqwldo vkruwfrplqjv zlwk d jlyhq sdlu

ri prghov vxfk dv srvvleoh eldv rzlqj wr rxu xvh ri vlqjoh htxdwlrq prghov dqg gxh wr qhjohfw ri

srwhqwldoo| uhohydqw h{sodqdwru| yduldeohv1 Qrwh wkdw wkh irfxv rq vlqjoh htxdwlrq prghov lpsolflwo|

dvvxphv wkdw wkh frqglwlrqlqj yduldeohv duh zhdno| h{rjhqrxv iru wkh sdudphwhuv ri lqwhuhvw/ lq

wklv fdvh wkh frhïflhqwv ri rlo sulfhv/ vhh Hqjoh/ Khqgu| dqg Ulfkdug +4<;6,1 D ylrodwlrq ri wklv

dvvxpswlrq fdq ohdg wr lqfrqvlvwhqw dqg lqhïflhqw hvwlpdwhv ri wkh sdudphwhuv ri lqwhuhvw1 D whvw

ri wklv dvvxpswlrq krzhyhu uhtxluhv prghov iru doo wkh frqglwlrqlqj yduldeohv/ zklfk lv eh|rqg wkh

vfrsh ri wkh suhvhqw sdshu1 Wkrxjk zh fdqqrw fodlp wkdw rxu hvwlpdwruv iru wkh rlo sulfh hòhfwv

surylgh frqvlvwhqw dqg hïflhqw hvwlpdwhv ri wkh sduwldo hòhfwv ri rlo sulfhv rq wkh h{fkdqjh udwh/

ru ri dq| rwkhu yduldeoh/ srvvleoh glòhuhqfhv lq wkh rlo sulfh hòhfwv dfurvv wkh sdluv ri prghov vwloo

hqdeoh xv wr dgguhvv wkh lvvxhv wkdw duh wkh irfxv ri wklv vwxg|= +d,/ +e, dqg +f, qrwhg deryh1

Ilqdoo|/ wr ixuwkhu vxevwdqwldwh wkh uhvxowv/ zh xqghuwdnh dq h{whqvlyh hydoxdwlrq ri wkh prghov

zlwk qrq0olqhdu rlo sulfh hòhfwv1 Vshflñfdoo|/ wkh| duh h{srvhg wr d edwwhu| ri whvwv dlphg dw

whvwlqj zkhwkhu wkh| duh zhoo vshflñhg dqg hvshfldoo| zkhwkhu wkh rlo sulfh hòhfwv duh dghtxdwho|
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fkdudfwhulvhg1 Dovr/ wkhlu h{sodqdwru| srzhu lv phdvxuhg djdlqvw wkh prghov zlwk olqhdu rlo sulfh

hòhfwv1 Lq dgglwlrq/ zh frqvlghu zkhwkhu wkh txduwhuo| prgho +zlwk qrq0olqhdu rlo sulfh hòhfwv,

uhpdlqv lqwdfw zkhq h{srvhg wr yduldeohv wkdw duh qhjohfwhg gxulqj lwv ghulydwlrq/ dqg zkhwkhu

lw uhpdlqv vwdeoh zkhq uhhvwlpdwhg rq dq h{whqghg gdwd vhw1 Wkh odwwhu gdwd vhw frqwdlqv qhz

revhuydwlrqv iru : txduwhuv ryhu wkh shulrg 4<<;=404<<<=6/ d shulrg lq zklfk rlo sulfhv dqg wkh

Qruzhjldq h{fkdqjh udwh kdyh glvsod|hg h{fhvvlyh ðxfwxdwlrqv1 Ixuwkhupruh/ wkh surshuwlhv ri wkh

txduwhuo| prgho duh frpsduhg djdlqvw d prgho zlwk olqhdu rlo sulfh hòhfwv exw zlwk ghwhuplqlvwlf

yduldeohv wr dffrxqw iru wkh dssduhqw qrq0olqhdulw|1 Surshuwlhv wkdw duh irfxvhg xsrq duh= wkh

lq0vdpsoh dqg rxw0ri0vdpsoh h{sodqdwru| srzhu1

Vhfwlrq 6 lv rujdqlvhg dv iroorzv= Wkh jhqhudo prgho lv irupxodwhg lq vxevhfwlrq +614,/ zklfk dovr

prwlydwhv wkh fkrlfh ri yduldeohv1 Vxevhfwlrq +615, frqvlghuv wkh prghov zlwk olqhdu rlo sulfh hòhfwv

dqg irupdoo| whvw wkh dssursuldwhqhvv ri d olqhdu uhsuhvhqwdwlrq ri rlo sulfh hòhfwv/ lq sduwlfxodu1

Vxevhfwlrq +616, irupxodwhv dqg ghulyhv wkh prghov zlwk qrq0olqhdu rlo sulfh hòhfwv zkloh vxevhfwlrq

+617, xqghuwdnhv wkh hydoxdwlrq1

6141 D jhqhudo HtFP iru wkh h{fkdqjh udwhv

Htxdwlrq +614, suhvhqwv d jhqhudo HtFP iru wkh qrplqdo h{fkdqjh udwh ühw> zkhuh h @ hfx> h=

ühw @ ò3 ý !^hý +fslý fsli ,`wý4ým . ñ4
û
UýUiú

wým .
s[
m@3
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ó5mürloswým, . yw= +614,

Yduldeohv lq vpdoo ohwwhuv lqglfdwh wkdw wkh| duh qdwxudo orjv ri wkh ruljlqdo yduldeohv/ h1j1 hfx lv wkh

qdwxudo orj ri wkh HFX lqgh{1 ü ghqrwhv d fkdqjh ryhu rqh prqwk ru d txduwhu zkloh s lqglfdwhv

wkh qxpehu ri odjv1 Wkhvh zloo eh ghwhuplqhg gxulqj wkh hvwlpdwlrq ri wkh prghov* sdudphwhuv

uhsuhvhqwhg e| wkh Juhhn ohwwhuv dqg vxssrvhg wr eh srvlwlyh dqg frqvwdqw ryhu wlph1 Wkh dsshqgl{

surylghv suhflvh ghñqlwlrqv ri wkh yduldeohv/ wkhlu judskv dqg uhsruwv wkhlu wlph vhulhv surshuwlhv/

l1h1 zkhwkhu d jlyhq yduldeoh lv vwdwlrqdu| ru qrq0vwdwlrqdu| lq xqlw urrw vhqvh1 Dv hylghqw iurp wkh

wdeohv lq wkh dsshqgl{/ wkh jhqhudo prgho dsshduv edodqfhg/ vlqfh wkh ohiw kdqg vlgh yduldeohv dqg

wkh uljkw kdqg vlgh yduldeohv dqg whupv fdq eh fkdudfwhulvhg dv vwdwlrqdu| surfhvvhv/ vhh Edqhumhh

hw do1 +4<<6/ fk1 6,1 Ilqdoo|/ yw lv wkh uhvlgxdo dvvxphg wr eh lqghshqghqwo|/ lghqwlfdoo| qrupdoo|

glvwulexwhg zlwk }hur phdq dqg yduldqfh â5/ l1h1 LLGQ+3/ â5,=

Wkh whup ^hý +fslýfsli ,`> srvvleo| lq dgglwlrq wr wkh frqvwdqw whup ò3> uhsuhvhqwv d ghyldwlrq
iurp wkh htxloleulxp ohyho iru wkh qrplqdo h{fkdqjh udwh xqghu wkh SSS k|srwkhvlv1 Dffruglqjo|/

wkh qrplqdo h{fkdqjh udwh uhðhfwv wkh udwlr ehwzhhq grphvwlf dqg iruhljq sulfhv lq wkh orqj uxq1

Lq jhqhudo/ wkh hpslulfdo hylghqfh lq idyrxu ri wklv dvvhuwlrq lv pl{hg/ vhh h1j1 Urjrò +4<<9, iru d

vxuyh| ri wkh olwhudwxuh1 Krzhyhu/ lw kdv qrw ehhq uhmhfwhg zkhq whvwhg iru ehwzhhq Qruzd| dqg
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lwv wudglqj sduwqhuv/ vhh Hglvrq dqg Noryodqg +4<;:, dqg Dnudp +5333,1<

Vkruw uxq ðxfwxdwlrqv lq wkh h{fkdqjh udwh fdq eh dwwulexwhg wr yduldeohv wkdw dòhfw wkh ghpdqg

iru grphvwlf dvvhwv uhodwlyh wr iruhljq dvvhwv/ fi1 sruwirolr edodqfh prghov ri h{fkdqjh udwhv/ vhh

h1j1 Kdoozrrg dqg PdfGrqdog +4<<7/ ss1 4;90538,1 Wkh h{fkdqjh udwh whqgv wr dssuhfldwh zkhq

wkh ghpdqg iru grphvwlf dvvhwv lqfuhdvhv uhodwlyh wr wkh ghpdqg iru iruhljq dvvhwv/ l1h1 dvvhwv

ghqrplqdwhg lq grphvwlf dqg iruhljq fxuuhqflhv/ uhvshfwlyho|1 Wklv lv olnho| wr wdnh sodfh zkhq wkh

rssruwxqlw| frvwv ri kroglqj iruhljq dvvhwv lqfuhdvh ru duh h{shfwhg wr lqfuhdvh1 Wkh rssruwxqlw|

frvwv ri kroglqj grphvwlf dvvhwv lqfuhdvh gxh wr h{shfwhg ghsuhfldwlrq ri wkh grphvwlf fxuuhqf|/ d

ulvh lq iruhljq lqwhuhvw udwhv dqg ru gxh wr d idoo lq grphvwlf lqwhuhvw udwhv1

Wkh prgho doorzv iru vkruw uxq hòhfwv iurp grphvwlf dqg iruhljq sulfhv/ uhsuhvhqwhg e| wkh

lqðdwlrq udwhv üfsl dqg üfsli = Li SSS krogv/ wkh glòhuhqfh ehwzhhq üfsl dqg üfsli fdq eh

lqwhusuhwhg dv h{shfwhg ghsuhfldwlrq1 H{shfwhg ghsuhfldwlrq pd| dovr eh sur{lhg e| wkh vsuhdg

ehwzhhq grphvwlf dqg iruhljq lqwhuhvw udwhv1 Dffruglqj wr wkh xqfryhuhg lqwhuhvw udwh sdulw| +XLS,

k|srwkhvlv/ wkh lqwhuhvw udwh glòhuhqwldo lv htxdo wr h{shfwhg ghsuhfldwlrq143

Fkdqjhv lq grphvwlf dqg iruhljq lqwhuhvw udwhv/ üU dqg üUi > duh vxssrvhg wr fdswxuh fkdqjhv

lq wkh rssruwxqlw| frvw ri kroglqj grphvwlf dvvhwv udwkhu wkdq iruhljq dvvhwv1 Zkhq prghoolqj hfx

rq prqwko| gdwd iurp wkh 4<<3v/ zh hpsor| wkuhh prqwk Qruzhjldq dqg Hxurshdq prqh| pdunhw

udwhv= U @ U6 dqg Ui @ U6 i = Krzhyhu/ zkhq prghoolqj h rq txduwhuo| gdwd vlqfh wkh hduo| 4<:3v/

zh hpsor| wkh Qruzhjldq jryhuqphqw erqg udwh dqg wkh wudgh zhljkwhg jryhuqphqw erqg udwh=

U @ UE dqg Ui @ UEi = Wkh grphvwlf erqg udwh zdv fkrvhq lq suhihuhqfh wr wkh prqh| pdunhw

udwhv dv wkh odwwhu glvsod|v d txlwh huudwlf ehkdylrxu xqwlo wkh hqg ri wkh 4<:3v/ suredeo| ehfdxvh

ri d wklq grphvwlf prqh| pdunhw dqg lpshglphqwv wr lqwhuqdwlrqdo fdslwdo pryhphqwv/ vhh Iljxuh

715 lq wkh dsshqgl{1 Wkh xvh ri wkh jryhuqphqw erqg udwh lq wudglqj frxqwulhv lv prwlydwhg e| wkh

srolf| ri h{fkdqjh udwh vwdelolvdwlrq djdlqvw fxuuhqflhv ri prvw ri wkhvh frxqwulhv1 Wklv srolf| lv

h{shfwhg wr hqwdlo d forvh olqn ehwzhhq wkh grphvwlf dqg wkh iruhljq lqwhuhvw udwhv1 Krzhyhu/ wkh

vsuhdg ehwzhhq wkhvh lqwhuhvw udwhv zdv uhodwlyho| odujh lq wkh 4<:3v dqg 4<;3v/ vhh Iljxuh 7151 Wklv

fdq eh sduwo| dvfulehg wr wkh Qruzhjldq fdslwdo uhjxodwlrqv zklfk zhuh qrw ixoo| glvpdqwohg ehiruh

4<<3 dqg zhuh uhodwlyho| wljkw gxulqj wkh 4<:3v/ exw pd| dovr uhðhfw ghydoxdwlrq h{shfwdwlrqv dqg

ulvn suhpld gxh wr wkh iuhtxhqw ghydoxdwlrqv lq wklv shulrg/ vhh Doh{dqghu hw do1 +4<<:,1

Lq wkh prgho/ üIL=\ lv iruhljqhuv qhw ñqdqfldo lqyhvwphqw lq Qruzd| uhodwlyh wr wkh Qruzhjldq

JGS +\ ,1 Ilqdqfldo lqyhvwphqw deurdg whqg wr sodfh xszdug suhvvxuh rq wkh ydoxh ri wkh grphvwlf

fxuuhqf|1 Khqfh d ulvh lq üIL=\ lv h{shfwhg wr eulqj derxw h{fkdqjh udwh ghsuhfldwlrq1

Wkh yhfwru ] uhsuhvhqw yduldeohv vxfk dv fkdqjhv lq wkh dfwlylw| ohyho dqg surgxfwlylw| jurzwk

dw krph dqg deurdg1 Pruhryhu/ glòhuhqw phdvxuhv ri jryhuqphqw h{shqglwxuh dw krph1 Kljkhu

dfwlylw| ohyho dqg surgxfwlylw| jurzwk dw krph uhodwlyh wr deurdg duh riwhq eholhyhg wr udlvh wkh

ydoxh ri wkh grphvwlf fxuuhqf|/ zkloh d ulvh lq grphvwlf jryhuqphqw h{shqglwxuhv lv eholhyhg wr

kdyh wkh rssrvlwh hòhfw/ fi1 Edodvvd +4<97,/ Vdpxhovrq +4<97, dqg Jlevrq +4<<9,1

bk*Lñ*@?_ @?_ ,_ðtL? E�bH.ä ýti @??ý@* _@|@ uhL4 �H.e |L �b.� |L 4L_i* |üi ûLhêi}ð@? ThðUitë Aüi) _L ?L|
hiéiU| |üi èèèíü)TL|üitðt Mi|êii? ûLhê@) @?_ Nk êüi? ýtð?} @ 4L_i* |ü@| UL?|hL*t uLh |üi i Uitt i Uü@?}i h@|i
ñL*@|ð*ð|) ð? |üi TihðL_ �b�e @?_ �b2Hë
ú!h@4 E2fffä |it|t uLh èèè Mi|êii? ûLhê@) @?_ ð|t |h@_ð?} T@h|?iht ýtð?} |üi t@4i ^ý@h|ih*) _@|@ ti| @t

i4T*L)i_ ð? |üi Thiti?| t|ý_)ë W| ðt tüLê? |ü@| |üi ThLTLh|L?@*ð|) Mi|êii? |üi i Uü@?}i h@|i @?_ |üi hi*@|ðñi
UL?tý4ih ThðUi ð?_ðUit Mi|êii? ûLhê@) @?_ ð|t |h@_ð?} T@h|?iht ðt hiéiU|i_c ?ið|üih ð? @ ý?ðñ@hð@|i ?Lh ð? @ t)t|i4
uh@4iêLh!ë
�fWu NWè _Lit ?L| üL*_c |üi tThi@_ 4@) hiãiU| hðt! Thi4ð@ ð? @__ð|ðL? |L i TiU|i_ _iThiUð@|ðL?c tii ië}ë BðMtL?

E�bbSä Lh O@**êLL_ @?_ �@U#L?@*_ E�bbeäë
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Wkh frqwhqw ri yhfwru ] lv vdpsoh ghshqghqw/ gxh wr wkh dydlodelolw| ri gdwd1 Rq wkh prqwko|

gdwd vhw zh duh rqo| deoh wr frqvlghu wkh hòhfwv ri wkh glòhuhqfhv lq wkh dfwlylw| ohyho dqg ri

fkdqjhv lq jryhuqphqw h{shqglwxuh1 Khuh/ wkh glòhuhqfhv lq wkh dfwlylw| ohyho duh phdvxuhg e|

fkdqjhv lq wkh uhjlvwhuhg udwh ri xqhpsor|phqw dw krph dqg deurdg/ üx dqg üxi > zkloh fkdqjhv

lq jryhuqphqw h{shqglwxuhv uhodwlyh wr JGS duh wdnhq lqwr dffrxqw e| wkh jryhuqphqw exgjhw

vxusoxv/ Ilvf1\1Zkhq hpsor|lqj wkh txduwhuo| gdwd vhw/ krzhyhu/ zh dovr frqvlghu jurzwk lq JGS

+ü|, wr uhsuhvhqw fkdqjhv lq wkh dfwlylw| ohyho dw krph/ dv dq dowhuqdwlyh wr üx1 Lq dgglwlrq/ zh

duh deoh wr doorz iru surgxfwlylw| jurzwk dw krph dqg deurdg1 Surgxfwlylw| dw krph dqg deurdg

lv phdvxuhg e| t dqg ti > zklfk duh ghñqhg dv qdwxudo orjv ri wkh lqyhuvh ri xqlw oderxu frvwv lq

Qruzd| +XOF , dqg lq lwv wudglqj sduwqhuv +XOF i ,= t @ oq+42XOF, zkloh ti @ oq+42XOF i ,= Wkh

lqyhuvh ri xqlw oderxu frvwv fdq eh lqwhusuhwhg dv ydoxh dgghg shu xqlw oderxu frvw1 Fkdqjhv lq

jryhuqphqw h{shqglwxuhv uhodwlyh wr JGS duh wdnhq lqwr dffrxqw e| üj zkhuh j lv ghñqhg dv wkh

vxp ri jryhuqphqw frqvxpswlrq +FJ, dqg jurvv uhdo lqyhvwphqw +MJ,> uhodwlyh wr JGS +\ ,= j @

+FJ . MJ,@\ 1 Zh dovr doorz FJ@\ dqg MJ@\ wr hqwhu vhsdudwho| lq wkh prgho/ l1h1 zlwkrxw wkh

vdph frhïflhqw uhvwulfwlrq1

Wkh yduldeohv uhsuhvhqwhg e| wkh yhfwru ] kdyh/ krzhyhu/ uhfhlyhg pl{hg vxssruw lq h{fkdqjh

udwh prghov/ vhh h1j1 Iudqnho dqg Urvh +4<<8,1 Wkh| duh wkhuhiruh qrw lqfoxghg lq wkh jhqhudo

prghov ri hfx dqg h dw wkh rxwvhw/ lq rughu wr dyrlg ryhu0sdudphwhulvdwlrq uhodwlyh wr wkh qxpehu

ri revhuydwlrqv/ zklfk lv olnho| wr eh d sureohp li vhyhudo odjv ri d jlyhq yduldeoh duh lqfoxghg lq

wkh jhqhudo prghov1 Krzhyhu/ zh whvw iru wkhlu vljqlñfdqfh xsrq uhdfklqj sduvlprqlrxv yhuvlrqv ri

hdfk prgho1 Wklv doorzv xv wr h{dplqh zkhwkhu d suhihuuhg vshflñfdwlrq ri d prgho lv lqyduldqw wr

lqfoxvlrq ri dgglwlrqdo yduldeohv1

Yhfwru E frqwdlqv d qxpehu ri gxpp| yduldeohv wr dffrxqw iru rxwolhuv dqg rwkhu h{wuhph

revhuydwlrqv wkdw uhpdlq xqh{sodlqhg e| wkh yduldeohv h{solflwo| lqfoxghg lq wkh prgho dqg wkhuhe|

uhgxfh wkh srwhqwldo rplwwhg0yduldeoh eldv lq sdudphwhu hvwlpdwhv1 Wkh| duh dovr lqwhqghg wr hqvxuh

wkh ydolglw| ri wkh uhvlgxdo dvvxpswlrqv1

Ilqdoo|/ wkh prgho doorzv wkh rlo sulfh wr dòhfw wkh h{fkdqjh udwh lq erwk wkh vkruw uxq dqg wkh

orqj uxq/ vlqfh erwk wkh uhodwlyh fkdqjhv lq wkh rlo sulfh +ürlos, dqg wkh orj ohyho ri wkh rlo sulfh

+rlos, duh suhvhqw1 Lq wkh odwwhu fdvh/ rlo sulfhv duh doorzhg wr fuhdwh d zhgjh ehwzhhq wkh qrplqdo

h{fkdqjh udwh dqg wkh uhodwlyh sulfh +fslý fsli , lq wkh orqj uxq1 Dffruglqjo|/ wkh orqj uxq uhdo
h{fkdqjh udwh ghshqgv rq wkh rlo sulfh lq frqwudvw wr wkh SSS wkhru|1 Erwk wkh vkruw uxq dqg orqj

uxq rlo sulfh hòhfwv duh lqfoxghg lq dq xqvshflñhg irup1 Wkh dqdo|vlv lq wkh iroorzlqj vxevhfwlrqv

duh hvvhqwldoo| dlphg dw ñqglqj wkh dssursuldwh vshflñfdwlrq ri wkh rlo sulfh hòhfwv1

6151 Prghov zlwk v|pphwulf rlo sulfh hòhfwv

Prghov zlwk v|pphwulf rlo sulfh hòhfwv/ khuhdiwhu olqhdu prghov/ zhuh irupxodwhg e| lqvhuwlqj wkh

iroorzlqj vshflñfdwlrq ri iw+=, lqwr prgho +614,=

iw+

s[
m@3

ó4mrloswým >
s[
m@3

ó5mürloswým, @
s[
m@3

^ó4mrloswým .ó5mürloswým `= +615,

Wkh +jhqhudo, prghov iru ühfxw dqg ühw zhuh wkhq hvwlpdwhg e| ROV iru d frpprq odj ohqjwk ri 5

+@ s,1 Wr doorz iru d olqhdu dssur{lpdwlrq wr srvvleoh qrq0olqhdu rlo sulfh hòhfwv/ juhdwhu qxpehuv ri

odjv iru rlosw dqg ürlosw zhuh dovr frqvlghuhg1 Iroorzlqj d _jhqhudo wr vshflñf% prghoolqj vwudwhj|/
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yduldeohv wkdw dsshduhg wr kdyh qxphulfdoo| vpdoo dqg vwdwlvwlfdoo| lqvljqlñfdqw frhïflhqwv zhuh

h{foxghg iurp wkh prghov/ lq prvw fdvhv/ iru wkh vdnh ri sduvlprq|1 Exw vrph zhuh dovr uhwdlqhg

lq wkh prghov wr hdvh frpsdulvrq zlwk wkh qrq0olqhdu prghov wr eh ghulyhg odwhu1 Lq dgglwlrq wr

wkh h{foxvlrq uhvwulfwlrqv/ sduvlprq| zdv dovr vrxjkw wkurxjk v|pphwu| uhvwulfwlrqv rq frhïflhqwv

wkdw kdg doprvw wkh vdph hvwlpdwhv exw zlwk rssrvlwh vljqv1 Iru h{dpsoh/ frhïflhqwv ri fkdqjhv

lq wkh grphvwlf lqwhuhvw udwhv dqg wkh lqðdwlrq udwh duh uhvwulfwhg wr pdnh wkhp lqwhusuhwdeoh dv

fkdqjhv lq wkh grphvwlf _uhdo lqwhuhvw udwh%1

Wdeoh 614= Dq HtFP ri wkh HFX udwh zlwk olqhdu rlo sulfh hòhfwv1

Gghfxw@ 3=4:;
+4=:8:,

ý 3=366
+ý4=669,

^hfx ý +fsl ý fsli ,`wý5. 3=4;6
+7=3<5,

^U60U6 i `w

. 4=6;7
+56=;<4,

Ghfxwý4ý 3=853
+ý<=63:,

Ghfxwý5ý 3=5:7
+ý7=9:6,

ü^U6 wý5 ýGfsl wý4`

ý 3=;8;
+ý5=<38,

Gfsliwý4. 3=33;
+5=48;,

GIL1\ w

ý 3=35;
+ý8=493,

l<6s45ý 3=359
+ý7=<:;,

l<:s4. 3=354
+6=;<5,

l<:s44. 3=367
+9=633,

l<;s4

ý 3=357
+ý7=67;,

l<;s6ý 3=334
+ý3=448,

l<;s9. 3=359
+7=938,

l<;s<ý 3=37<
+ý:=;48,

l<;s44

ý 3=34:
+ý6=<75,

rloswý4ý 3=364
+ý6=646,

ürlosw

Vdpsoh= 4<<3=4404<<;=44 / W @ <:> n @ 4;1 Phwkrg= ROV

Gldjqrvwlfv
aâO @ 3=844(
Orj oln @ 7:61656
DU 4ý 9 I +9> :6, @ 4=575^3=5<8`
DUFK+9, I +9> 9:, @ 4=3:8^3=6;9`
Khw = [l5 I +59> 85, @ 3=973^3=;<4`
Qrupdolw| "5+5, @ 3=965^3=:5<`
UHVHW I+4/ :;, @ 7=6;9^3=373`ú

WWO I +9> :6, @ 5=983^3=35:`ú

Aüi |íñ@*ýit @hi ð? Mh@U!i|t Eëä Mi*Lê |üi it|ð4@|it @?_ Tíñ@*ýit @hi ð? *@h}i

Mh@U!i|t dëo Mitð_i |üi |it| t|@|ðt|ðUtë ú+ �íS 6E_u�c _u2ä |it|t uLh @ý|LULhhi*@|ðL?

ð? |üi hitð_ý@*t ýT |L S *@}të _u� @?_ _u2 _i?L|i _i}hiit Lu uhii_L4ë

ú+çOESä 6E_u�c _u2ä |it|t uLh @ý|Lhi}hittðñi fL?_ð|ðL?@* üi|ihLtUi_@t|ðUð|)
Eú+çOä ýT |L Lh_ih Sc tii ,?}i* E�bH2äë Oi|ë jð5 6E_u�c _u2ä |it|t uLh üi|ihLí

tUi_@t|ðUð|) M) ýtð?} t^ý@hit Lu hi}hittLht c tii `üð|i E�bHfäë Aüi ?Lh4@*ð|) |it|

êð|ü Uüðít^ý@hi _ðt|hðMý|ðL? ðt |ü@| M) a@h^ýi @?_ îih@ E�bHfäë +,5,A 6E_u�c _u2ä

ðt @ hi}hittðL? tTiUð�U@|ðL? |it|ë W| |it|t |üi ?ý** ü)TL|üitðt Lu ULhhiU| 4L_i*

tTiUð�U@|ðL? @}@ð?t| |üi @*|ih?@|ðñi Lu 4ðttTiUð�U@|ðL?c ð?_ðU@|i_ M) |üi tð}?ð�U@?Ui

Lu e)5> ðëië |üi t^ý@hi Lu |üi �||i_ y@*ýic ð? |üi 4L_i*c tii +@4ti) E�bSbäë

Oihi @?_ i*tiêüihi ð? |üðt t|ý_)c @ h@ðti_ t|@h úð?_ðU@|it hiéiU|ðL? Lu |üi ?ý**

ü)TL|üitðt @| DI *iñi* Lu tð}?ð�U@?Uic êüð*i |êL t|@htúú ð?_ðU@|i hiéiU|ðL? @| �I

*iñi* Lu tð}?ð�U@?Uië

Krzhyhu/ prqwko| fkdqjhv lq wkh hfxw +ühfxw, wxuqhg rxw wr eh glïfxow wr prgho vdwlvidfwrulo|

zlwk d olplwhg qxpehu ri odjv rq wkh vwrfkdvwlf yduldeohv dqg uhodwlyho| ihz ghwhuplqlvwlf uhjuhvvruv1

Lq frpsdulvrq/ dqqxdo fkdqjhv lq wkh hfxw +Ghfxw ì hfxw ý hfxwý45, frxog eh fkdudfwhulvhg sduvl0
prqlrxvo| xvlqj h1j1 dqqxdolvhg grphvwlf dqg iruhljq lqðdwlrq udwhv dqg iruhljqhuv* qhw ñqdqfldo

lqyhvwphqw lq Qruzd|/ Gfsl > Gfsli dqg GIL1\ w> uhvshfwlyho|1 Vwloo d qxpehu ri ghwhuplqlvwlf uh0
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juhvvruv zhuh qhhghg wr fdswxuh odujh ðxfwxdwlrqv lq wkh h{fkdqjh udwh/ hvshfldoo| gxulqj wkh |hduv

4<<: dqg 4<<;1 Lq frqwudvw/ txduwhuo| fkdqjhv lq wkh wudgh zhljkwhg h{fkdqjh udwh h +üh, zhuh

vwudljkwiruzdug wr prgho/ rqo| uhtxlulqj d +fhqwhuhg, gxpp| zlwk 4 lq 4<<:=4 dqg 04 lq 4<<:=5 wr

fdswxuh wkh dssuhfldwlrq dqg wkh vxevhtxhqw ghsuhfldwlrq gxulqj wkh ñuvw kdoi ri 4<<:1

Wdeoh 615= Dq HtFP ri wkh hòhfwlyh h{fkdqjh udwh zlwk olqhdu rlo sulfh hòhfwv1

üehw @ ý 3=443
+ý6=683,

^hý +fsl ý fsli ,`wý4. 3=579
+5=<4;,

ühwý4

ý 3=657
+ý5=:45,

ü+UE wý4 ýüfsl wý5,ý 3=55:
+ý5=3<7,

üfsli w

. 3=9<<
+5=549,

ü5UEi wý4. 3=47:
+5=644,

ü7IL=\wý 3=368
+ý6=<85,

lg<:t4

ý 3=338
+ý3=98<,

ürloswý 3=348
+ý5=3:6,

ürloswý4. 3=335
+3=53;,

ürloswý5

Vdpsoh= 4<:5=504<<:=7 / W @ 436> n @ 431 Phwkrg= ROV

Gldjqrvwlfv
aâO @ 4=5(
Orj oln @ 73;=<34
U5 @ 3=79
DU 4ý 8 I +8> ;;, @ 3=865^3=:85`
DUFK +7, I +7> ;8, @ 3=8<9^3=999`
Khw =[l5 I +53> :5, @ 3=;68^3=998`
Khw =[l[ m I +89> 69, @ 3=96;^3=<69`
Qrupdolw| "5+5, @ 4=593^3=866`
UHVHW I+ 4> <5, @ 7=73:^3=36<`ú

WWwI+ <> ;7, @ 5=55:^3=35;`ú

Whvwv iru rplwwhg yduldeohv

üfslw üUEw üUEiw +UE ýUEi ,wý4 IL=\wý4
Frhò1 hvwlpdwh 3=393 3=37< ý3=8<; 3=335 3=369
Vlqjoh= I +4> ;;, ^3=:85` ^3=;;5` ^3=4:5` ^3=<:8` ^3=953`
Mrlqw= I +8> ;;, ^3=;39`

ûL|iG îh@U!i|t Mi*Lê |üi it|ð4@|it UL?|@ð? |íñ@*ýit êüð*i t^ý@hi Mh@U!i|t UL?|@ð?

Tíñ@*ýitë Aüi ñ@*ýi Lu +5 ðt @*4Lt| |üi t@4i ðu @ UL?t|@?| |ih4 ðt ð?U*ý_i_ë Ait|t

@hi i T*@ð?i_ ð? A@M*i ôë�ë Ait|t uLh L4ð||i_ ñ@hð@M*it ð4TLti 3ihL hit|hðU|ðL?tc

ð?_ðñð_ý@**) @?_ éLð?|*)c L? |üi ULiæUði?|t Lu |üi ð?_ðU@|i_ ñ@hð@M*it êüi?

ð?U*ý_i_ ð? |üi Thiti?|i_ 4L_i*ë

Wdeoh 614 dqg 615 suhvhqw wkh uhodwlyho| sduvlprqlrxv yhuvlrqv ri wkh prghov iru Ghfxw dqg ühw>

uhvshfwlyho|/ dqg wkh dvvrfldwhg prgho gldjqrvwlfv1 Wdeoh 615 dovr uhsruwv wkh rxwfrph ri yduldeoh

rplvvlrq whvwv dqg wkh frhïflhqw hvwlpdwhv ri d qxpehu ri yduldeohv zkhq dgghg +mrlqwo|, wr wkh

txduwhuo| prgho1

Lq erwk prghov/ srvlwlyh fkdqjhv lq grphvwlf _uhdo lqwhuhvw udwhv%/ ü^U6 wý5 ý Gfsl wý4` dqg
ü+UE wý4 ýüfsl wý5,> dqg iruhljq lqðdwlrq sodfh dssuhfldwlrq suhvvxuh rq wkh h{fkdqjh udwhv1 D
uhgxfwlrq lq iruhljqhuv* ñqdqfldo lqyhvwphqw lq Qruzd|/ ru htxlydohqwo| lqfuhdvhg Qruzhjldq ñqdq0

fldo lqyhvwphqw deurdg/ dovr lpsolhv h{fkdqjh udwh dssuhfldwlrq1 Wkh htxloleulxp fruuhfwlrq whupv

kdyh wkh h{shfwhg vljqv lq erwk prghov/ exw wkh whup lq wkh prqwko| prgho dsshduv vwdwlvwlfdoo|

lqvljqlñfdqw dw wkh vwdqgdug ohyhov ri vljqlñfdqfh1 Lq wkh txduwhuo| prgho/ krzhyhu/ wkh htxloleulxp
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Iljxuh 614= Frqvwdqf| vwdwlvwlfv iru wkh prgho ri üh zlwk olqhdu rlo sulfh hòhfwv/ vhh Wdeoh 6151
Lqlwldo hvwlpdwlrq shulrg lv 4<:5=504<:9=71 Suhñ{ _G% ghqrwhv wkh ñuvw glòhuhqfh ü= Wkh judsk
vkrz wkh uhfxuvlyh frhïflhqw hvwlpdwhv ÷5VHw iru wkh lqglfdwhg uhjuhvvruv/ Rqh0vwhs dkhdg uhvlg0
xdov ÷5VHw dqg Fkrz vwdwlvwlfv iru wkh prgho1 Wkh odwwhu duh vfdohg e| wkhlu fulwlfdo ydoxhv dw wkh
8( ohyho1

fruuhfwlrq whup lv vwdwlvwlfdoo| vljqlñfdqw dw wkh 4( ohyho/ hyhq li lw lv frqvlghuhg dv qrq0vwdwlrqdu|

+lqwhjudwhg, xqghu wkh qxoo k|srwkhvlv dqg wkh fulwlfdo ydoxhv duh irxqg e| wkh uhvsrqvh ixqfwlrq

ri PdfNlqqrq +4<<4,1 Lq zklfk fdvh/ wkh dssursuldwh fulwlfdo w0ydoxh dw wkh 4( ohyho lv 0518;8144

Wkh vsuhdg ehwzhhq wkh grphvwlf dqg iruhljq lqwhuhvw/ sur{|lqj ghsuhfldwlrq h{shfwdwlrqv/ lv

vljqlñfdqw lq wkh prqwko| prgho rqo|1 Lq wkh txduwhuo| prgho/ wkhuh zdv qhlwkhu d frqwhpsrudu|

qru d odjjhg hòhfw iurp wkh vsuhdg ehwzhhq grphvwlf dqg iruhljq erqg udwhv/ vhh h1j1 wkh rxwfrph

ri yduldeoh rplvvlrq whvwv lq Wdeoh 6151 Wkh hòhfwv ri fkdqjhv lq iruhljq lqwhuhvw udwh zhuh irxqg

wr eh zhdn dqg odujho| lqvljqlñfdqw lq wkh prqwko| prgho1 Lq wkh txduwhuo| prgho/ krzhyhu/

dffhohudwlrq lq iruhljq erqg udwhv frqwulexwhv wr ghsuhfldwlrq suhvvxuh lq d vwdwlvwlfdoo| vljqlñfdqw

zd|1 Rqh srvvleoh h{sodqdwlrq iru wkhlu lqvljqlñfdqfh lq wkh prqwko| prgho fdq eh wkh kljk ghjuhh

ri fruuhodwlrq ehwzhhq grphvwlf dqg iruhljq lqwhuhvw udwhv lq wkh vdpsoh1 Wkh vdpsoh fryhuv d

shulrg ri ghuhjxodwhg fdslwdo pdunhwv lq zklfk wkh Qruzhjldq jryhuqphqw kdv sxuvxhg d vwdeoh

h{fkdqjh udwh srolf|1 Frqvhtxhqwo|/ wkh Qruzhjldq lqwhuhvw udwhv kdyh e| dqg odujh iroorzhg

Hxurshdq lqwhuhvw udwhv iru wkh vdnh ri h{fkdqjh udwh vwdelolw|1 Wkh frolqhdulw| ehwzhhq wkhvh

��`üi? ?L UL?t|@?| |ih4c ?L |hi?_ @?_ L?i ?L?ít|@|ðL?@h) ñ@hð@M*i ý?_ih |üi ?ý** ü)TL|üitðtG
çhð|ðU@* ñ@*ýic �I ' í2ëDSDH í�ëbSf%�fô í �fëfe%E�fôä2 E 32éDHDc tii �@Ukð??L? E�bb�äë
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lqwhuhvw udwhv pd| kdyh frqwulexwhg wr wkh xqfhuwdlqw| lq wkh hvwlpdwhg hòhfwv ri iruhljq lqwhuhvw

udwhv dqg wkhuhe| wr wkhlu lqvljqlñfdqfh1

Wkh srolf| ri h{fkdqjh udwh vwdelolvdwlrq pd| dovr h{sodlq wkh shuvlvwhqfh lq wkh udwh ri gh0

suhfldwlrq lq erwk prghov1 Hvshfldoo| lq wkh prqwko| prgho zkhuh wkh vxp ri wkh dxwruhjuhvvlyh

frhïflhqwv lv deryh 31;3/ zklfk lpsolhv orqj shulrgv ri ghsuhfldwlrq ru dssuhfldwlrq hyhq lq wkh

devhqfh ri lqsxw iurp rwkhu yduldeohv1 Wklv srlqwv wr edqgzdjrq hòhfwv lq wkh iruhljq h{fkdqjh

pdunhw/ exw pd| odujho| frqvwlwxwh d uhðhfwlrq ri wkh vwdeoh h{fkdqjh udwh srolf| sxuvxhg e| wkh

Qruzhjldq jryhuqphqw lq wklv shulrg1

Wkh hòhfwv ri rlo sulfhv vhhp wr eh pl{hg1 Lq wkh prqwko| prgho/ erwk wkh frqwhpsrudu| fkdqjh

dqg wkh odjjhg ohyho ri rlos dsshdu vwdwlvwlfdoo| vljqlñfdqw dw wkh vwdqgdug ohyhov zlwk qhjdwlyh

frhïflhqw hvwlpdwhv1 Dffruglqjo|/ rlo sulfhv kdyh dssuhfldwlrqv hòhfwv erwk lq wkh vkruw uxq dqg

orqj uxq1 Lq wkh txduwhuo| prgho/ krzhyhu/ srvlwlyh fkdqjhv lq wkh rlo sulfh sodfh dssuhfldwlrq

suhvvxuh rq wkh h{fkdqjh udwh/ exw wkhlu hòhfwv duh qrw vljqlñfdqwo| glòhuhqw iurp }hur/ shukdsv

zlwk wkh h{fhswlrq ri ürloswý4= Lwv ixoo vdpsoh hvwlpdwh lv eduho| vljqlñfdqw dw wkh 8( ohyho/ exw

lwv frhïflhqw hvwlpdwhv rq ohvv wkdq wkh ixoo vdpsoh duh qrw/ vhh wkh uhfxuvlyh hvwlpdwhv lq Iljxuh

6141 Wkh ñjxuh dovr vkrzv wkdw wkh uhfxuvlyh hvwlpdwhv ri wkh frhïflhqwv ri ürlosw dqg ürloswý5
duh txlwh forvh wr }hur lq wkh shulrg 4<:9=404<<:=71 Dfwxdoo|/ wkhuh gr qrw vhhp wr eh dq| hòhfwv

iurp rlo sulfhv dw doo ehiruh 4<;91 Rq wkh edvlv ri wkhvh ñqglqjv rqh frxog frqfoxgh wkdw rlo sulfhv

gr qrw kdyh vljqlñfdqw hòhfwv rq wkh qrplqdo h{fkdqjh udwh/ hyhq lq wkh vkruw uxq1 Wklv frqwudvwv

zlwk wkh txlwh frpprq eholhi wkdw ðxfwxdwlrqv lq wkh rlo sulfh whqg wr kdyh d vwurqj lpsdfw rq wkh

Qruzhjldq nurqh/ exw lv qhyhuwkhohvv frqvlvwhqw zlwk hduolhu hpslulfdo ñqglqjv xvlqj olqhdu prghov/

vhh h1j1 Emáuyln hw do1 +4<<;, dqg wkh uhihuhqfhv wkhuhlq1

Wkh gldjqrvwlf whvwv vxjjhvw wkdw wkh uhvlgxdov iurp hdfk ri wkh prghov vdwlvi| wkh vwdqgdug

dvvxpswlrqv/ wkdw lv/ wkh| dsshdu dv LLGQ+/, dv dvvxphg1 Krzhyhu/ wkh uhjuhvvlrq vshflñfdwlrq

whvw +UHVHW, uhmhfwv erwk prgho irupxodwlrqv dw wkh 8( ohyho1 Wr whvw zkhwkhu wkh uhmhfwlrq lv

gxh wr srvvleoh plvuhsuhvhqwdwlrq ri rlo sulfh hòhfwv/ zh dsso| wkh whvw iru qrq0olqhdulw| vxjjhvwhg

e| h1j1 Whu�dvyluwd +4<<;,1 Wklv whvw/ ghqrwhg dv WWO> lv shuiruphg rq wkh uhvlgxdov iurp hdfk ri

wkh prghov wr whvw wkh qxoo k|srwkhvhv ri olqhdu rlo sulfh hòhfwv djdlqvw wkh dowhuqdwlyh k|srwkhvlv

ri qrq0olqhdu rlo sulfh hòhfwv/ zlwk wkh rlo sulfh +RLOS, dv wkh wudqvlwlrq yduldeoh1 Dowkrxjk d

qxoo k|srwkhvlv lv whvwhg djdlqvw wkh dowhuqdwlyh k|srwkhvlv ri qhjohfwhg qrq0olqhdulw| ri d vprrwk

wudqvlwlrq w|sh/ wkh whvw dovr kdv srzhu djdlqvw wkh dowhuqdwlyh ri deuxsw wudqvlwlrqv1 Wdeoh 614 dqg

615 vkrz wkdw wkh qxoo k|srwkhvhv ri olqhdu rlo sulfh hòhfwv duh uhmhfwhg dw wkh 8( ohyho1

6161 Prghov zlwk dv|pphwulf rlo sulfh hòhfwv

Wkh qrq0olqhdu rlo sulfh hòhfwv vxjjhvwhg e| wkh judsklfdo dqdo|vlv lq vhfwlrq 5 fdq eh fkdudfwhulvhg

e| wkh iroorzlqj vshflñfdwlrq ri iw+=, zlwk f4 @ 47 dqg f5 @ 53=

iw+=, @ ^
O[
l@3

+!lrloswýl . h!lürloswýl,`{Iw> Orz
. ^

K[
l@3

+ëlrloswýl . hëlürloswýl,`{Iw> Kljk
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. ^
G[
l@3

+#lrloswýl .i#lürloswýl,`{Iw> Glii > zkhuh +616,

Iw> Orz @ ^4 . h{siè4+RLOSw ý f4,j`ý4> è4 A 3 +617,

Iw> Kljk @ ^4 . h{siýè5+RLOSw ý f5,j`ý4> è5 A 3 +618,

Iw> Glii @ ^4 . h{siï+RLOSw ýRLOSwýg,j`ý4> ï A 3= +619,

Wkh orjlvwlf ixqfwlrqv Iw> Orz> Iw> Kljk dqg Iw> Glii duh dvvxphg wr uhðhfw wkh vwdwh ri wkh rlo

sulfh/ l1h1 zkhwkhu lw lv ehorz f4 XV groodu/ deryh f5 XV grooduv ru ehorz2deryh wkh sulfh lq shulrg

wý g/ uhvshfwlyho|1 Ehvlgh wkh Juhhn ohwwhuv lq +616,0+619,/ f4 dqg f5 duh frqvwdqw sdudphwhuv zkloh
O> K dqg G ghqrwh qxpehu ri odjv lq wkh glòhuhqw vwdwhv1 Iru +ñqlwh, ydoxhv ri è4> è5 dqg ï

Iw> Orz ý$ 4 zkhq RLOS á f4 XVG

Iw> Orz ý$ 3 zkhq RLOS  f4 XVG

Iw> Kljk ý$ 4 zkhq RLOS  f5 XVG

Iw> Kljk ý$ 3 zkhq RLOS á f5 XVG

Iw> Glii ý$ 4 zkhq iRLOSw ýRLOSUwýgj á 3

Iw> Glii ý$ 3 zkhq iRLOSw ýRLOS wýgj  3=

Qrwh dovr wkdw iru vxïflhqwo| odujh ydoxhv ri è4 dqg è5

Iw> Orz ý$ 3 dqg Iw> Kljk ý$ 3 iru f4 ? RLOS ? f5=

Wklv surylghv d phfkdqlvp wr uhsuhvhqw wkh vwdwh ri wkh rlo sulfh zkhq lw lv ðxfwxdwlqj lq wkh udqjh

f40f5 grooduv1

Hpslulfdo vshflñfdwlrq ri wkh orjlvwlf ixqfwlrq uhtxluhv hvwlpdwhv ri wkh wudqvlwlrq sdudphwhuv

è4> è5 dqg ï> wkh wkuhvkrog ydoxhv f4 dqg f5 dqg ri wkh ghod| sdudphwhu g= Wkh hvwlpdwhv ri wkh

wudqvlwlrq sdudphwhuv dqg wkh wkuhvkrog ydoxhv fdq eh rewdlqhg e| hvwlpdwlqj prgho +614, zlwk wkh

qrq0olqhdu vshflñfdwlrq ri iw+=,> xvlqj qrq0olqhdu ohdvw vtxduh +QOV, ru pd{lpxp olnholkrrg +POH,/

lq sulqflsoh1 Wkh hvwlpdwlrq uhtxluhv sodxvleoh vwduwlqj ydoxhv iru wkhvh sdudphwhuv/ krzhyhu1 Wkh

elyduldwh dqdo|vlv lq vxevhfwlrq 515 surylghv sodxvleoh vwduwlqj ydoxhv iru f4 dqg f5 e| vxjjhvwlqj

wkdw wkh| vkrxog eh forvh wr 47 dqg 53 XV grooduv/ uhvshfwlyho|1 Lw vhhpv uhdvrqdeoh wkdw wkh wkh

wudqvlwlrq sdudphwhuv è4> è5 dqg ï duh udwkhu odujh/ wkrxjk lw lv glïfxow wr ghflgh xsrq h{dfw ydoxhv

iru wkhvh sdudphwhuv1 Odujh ydoxhv iru wkhvh sdudphwhuv ohdg wr deuxsw wudqvlwlrq ehwzhhq 3 dqg 4

zkhq RLOSw ghyldwhv iurp f4/ f5 ru RLOSwýg> zkloh vpdoo ydoxhv iru wkhvh eulqj derxw d vprrwk
wudqvlwlrq ehwzhhq 3 dqg 41 Wkh lqwxlwlrq iru odujh ydoxhv iru wkhvh sdudphwhuv lv edvhg rq wkh

revhuydwlrqv wkdw wkh pdmru ðxfwxdwlrqv lq wkh Qruzhjldq h{fkdqjh udwh kdyh riwhq frlqflghg zlwk

odujh ðxfwxdwlrqv lq wkh rlo sulfhv dqg wkdw erwk rlo sulfhv dqg h{fkdqjh udwhv riwhq glvsod| deuxsw

wudqvlwlrq iurp rqh ohyho wr dqrwkhu/ lq frqwudvw wr uhdo hfrqrplf yduldeohv1 Gxulqj hvwlpdwlrq/

krzhyhu/ zh dovr h{shulphqw zlwk erwk orz dqg kljk ydoxhv ri wkhvh sdudphwhuv1 Wkh ydoxh ri g

fdq eh fkrvhq e| frpsdulqj wkh h{sodqdwru| srzhu ri wkh prgho hvwlpdwhg iru glòhuhqw ydoxhv ri g>
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frqglwlrqdo rq ydoxhv ri wkh wudqvlwlrq dqg wkuhvkrog sdudphwhuv1 Wkh suhòhuhg hvwlpdwhv ri wkhvh

sdudphwhuv dqg ri wkh ghod| sdudphwhu fdq eh vhohfwhg diwhu dq lqwhudwlrq surfhvv= hvwlpdwlqj è4>

è5> ï> f4 dqg f5 frqglwlrqdo rq d fkrvhq g> zklfk lv wkhuhdiwhu uhylvhg frqglwlrqdo rq wkh hvwlpdwhv

ri è4> è5> ï> f4 dqg f5> dqg vr rq=

Ghwdlov ri krz wkh prghov zlwk qrq0olqhdu rlo sulfh hòhfwv zhuh vshflñhg dqg hvwlpdwhg duh

surylghg ehorz1

-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7

.5

1

(OILP - 14)

F_Low = 1/(1 + exp{4(OILP - 14)})

-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7

.5

1

(OILP - 20)

F_High = 1/(1 + exp{-4(OILP - 20)})

-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7

.5

1

F_Diff = 1/(1 + exp{OILP(t) - OILP(t-12)})

{OILPRICE(t) - OILPRICE(t-12)}

Iljxuh 615= Wkh xsshu ñjxuh ghvfulehv wkh ydoxh ri IOrz iru ghyldwlrqv ri wkh rlo sulfh iurp 47
grooduv1 Wkh ñjxuh lq wkh plggoh vkrzv wkh ydoxh ri IKljk iru ghyldwlrqv ri wkh rlo sulfh iurp 53
grooduv1 Wkh ñjxuh dw wkh erwwrp ghvfulehv wkh ydoxh ri IGlii iru ghyldwlrqv ri wkh rlo sulfh iurp
lwv ydoxh d |hdu djr1

Hvwlpdwlrq= Wkh prghov zlwk qrq0olqhdu rlo sulfh hòhfwv zhuh ghulyhg lq wzr vwhsv wr hdvh wkh

hvwlpdwlrq ri è4> è5> ï> f4 dqg f51 Lq wkh ñuvw vwhs/ wkh sduvlprqlrxv prghov ri Ghfxw dqg ühw lq

Wdeoh 614 dqg 615 zhuh uhirupxodwhg zlwk wkh ixqfwlrq iw+=, vshflñhg lq +616,0+619,/ uhsodflqj wkh

olqhdu rlo sulfh hòhfwv1 D frpprq ydoxh ri 5 iru O> K> dqg G zdv fkrvhq zkloh wkh ydoxhv ri g

zhuh ydulhg lq wkh lqwhuydo 4045 dqg 407 lq wkh fdvh ri wkh prgho rq prqwko| dqg txduwhuo| gdwd/

uhvshfwlyho|1 Krzhyhu/ wkh rewdlqhg pd{lpxp olnholkrrg hvwlpdwhv ri è4> è5> ï> f4 dqg f5 zhuh

jhqhudoo| txlwh xqfhuwdlq/ hyhq zkhq wkh prghov zhuh vhtxhqwldoo| uhgxfhg +dqg ghjuhhv ri iuhhgrp

lqfuhdvhg, e| h{foxglqj rlo sulfh whupv zlwk qxphulfdoo| lqvljqlñfdqw hòhfwv1 Rqh h{sodqdwlrq frxog

eh wkdw wkh xqfhuwdlqw| dvvrfldwhg zlwk wkhvh sdudphwhuv uhðhfwv wkh glïfxow| lq glvwlqjxlvklqj

ehwzhhq wkh vkdshv ri d wudqvlwlrq ixqfwlrq/ h1j1 Iw>Orz > dw odujh ydoxhv ri wkh wudqvlwlrq sdudphwhu/

fi1 Judqjhu dqg Whu�dvyluwd +4<<6, dqg Whu�dvyluwd +4<<;,1 Wr dffrpsolvk wklv/ d odujh qxpehu ri

revhuydwlrqv durxqg wkh wkuhvkrog ydoxh/ h1j1 f4 @ 47/ lv uhtxluhg1 Iru h{dpsoh/ lw lv txlwh glïfxow

wr glvwlqjxlvk ehwzhhq wkh vkdshv ri Iw>Orz iru è4 @ 7 dqg è4 @ 8=

Wkh kljk ghjuhh ri xqfhuwdlqw| dvvrfldwhg zlwk wkh hvwlpdwhv ri wkh wudqvlwlrq dqg wkuhvkrog

sdudphwhuv ohg xv wr dvvhvv wkhlu ydoxhv frqglwlrqdo rq hdfk rwkhu1 Frqglwlrqdo rq f4 @ 47 dqg

f5 @ 53> ydoxhv ri è4> è5 dqg ï htxdo wr 7/ 7 dqg 4/ uhvshfwlyho|/ lqfuhdvhg wkh h{sodqdwru| srzhu ri
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wkh prghov frpsduhg zlwk d qxpehu ri rwkhu vhwv ri ydoxhv iru wkhvh sdudphwhuv1 Iru wkh prqwko|

prgho/ d ydoxh ri g @ 45 surylghg d voljkwo| ehwwhu ñw wkdq dq| rwkhu ydoxh lq wkh lqwhuydo 4045/

zkloh d ydoxh ri g @ 4 surylghg wkh ehvw ñw rq wkh txduwhuo| gdwd1 Dwwhpswv zhuh dovr pdgh wr

hvwlpdwh wkh wkuhvkrog sdudphwhuv f4 dqg f5 frqglwlrqdo rq wkh sursrvhg ydoxhv iru è4> è5> ï dqg

g= Vwloo wkh hvwlpdwhv rq wkh prqwko| gdwd wxuqhg rxw wr eh txlwh xqfhuwdlq1

Wdeoh 616= Dq HtFP ri wkh HFX udwh zlwk qrq0olqhdu rlo sulfh hòhfwv1

Gghfxw @ 3=59;
+5=;84,

ý 3=389
+ý5=769,

^hfxý +fslý fsli ,`wý5. 3=485
+6=99;,

^U60U6 i `w

4=55:
+4;=95:,

Ghfxwý4ý 3=6:5
+ý8=:53,

Ghfxwý5ý 3=599
+ý8=3:3,

ü^U6 wý5 ýGfslwý4`

ý 3=97<
+ý5=6;8,

Gfsliwý4. 3=33;
+5=7<6,

GIL1\ w

ý 3=388
+ý9=75;,

l<6s45ý 3=35:
+ý8=:;5,

l<:s4. 3=34;
+6=:85,

l<:s44. 3=365
+9=94:,

l<;s4

ý 3=375
+ý9=458,

l<;s6ý 3=388
+ý6=95:,

l<;s9. 3=397
+8=996,

l<;s<ý 3=3;3
+ý;=4<3,

l<;s44

ý 3=34:8
+ý6=989,

rloswý4

ý 3=5;;4
+ý6=8:8,

ürlosw {^4 . h{si7+RLOS w ý 47,j`ý4

ý 3=3556
+ý4=756,

ürlosw {^4 . h{si ý 7+RLOS w ý 53,j`ý4

ý 3=375;
+ý6=485,

ürlosw {^4 . h{si+RLOS w ýRLOS wý45,j`ý4

Vdpsoh= 4<<3=4404<<;=44 / W @ <:> n @ 531 Phwkrg= ROV

Gldjqrvwlfv
aâO @ 3=788(
Orj oln @ 7;81:36
OU0Whvw= "5+5, @ 57=:94^3=333`úú

DU 4ý 9 I +9> :4, @ 3=:37^3=97:`
DUFK+9, I +9> 98, @ 3=:4;^3=96:`
Khw= [l5 I +63> 79, @ 3=;84^3=9:9`
Qrupdolw| "5+5, @ 3=5;4^3=;9<`
UHVHW I+4/ :9, @ 3=56<^3=959`
WWQOI +54> 89, @ 4=339^3=7:5`
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Rq wkh txduwhuo| gdwd/ krzhyhu/ txlwh suhflvh hvwlpdwhv ri f4 dqg f5 dw durxqg 47 dqg 53 zhuh

rewdlqhg/ hvshfldoo| zkhq rlo sulfh whupv wkdw dsshduhg uhgxqgdqw zhuh h{foxghg iurp wkh prgho1

Lq sduwlfxodu/ wkh ohyho ri rlo sulfh +rlos, kdg uhodwlyho| zhdn qrq0olqhdu hòhfw rq wkh h{fkdqjh

udwh1 Dovr/ wkh whupv uhsuhvhqwlqj wkh rlo sulfh hòhfwv zkhq RLOS lv deryh f5 grooduv kdg uhodwlyho|

zhdn hòhfwv1 Wkh hvwlpdwh ri f4 zdv irxqg wr eh idluo| lqyduldqw wr vwduwlqj ydoxhv zkhq wkh rlo

sulfh whupv wkdw dsshduhg uhgxqgdqw zhuh h{foxghg1 Iru h{dpsoh/ lw h{klelwhg idvw frqyhujhqfh

wr derxw 4715/ zlwk d vwdqgdug huuru hvwlpdwh ri durxqg 316:/ zkhq lwv vwduwlqj ydoxh zdv ydulhg

lq wkh udqjh 4504;1 D olnho| uhdvrq iru wkh delolw| wr ghulyh uhodwlyho| suhflvh hvwlpdwhv iru f4 dqg

f5 dw ohdvw/ lv wkdw wkh txduwhuo| gdwd vhw frqwdlqv pruh revhuydwlrqv ri RLOS durxqg 47 dqg 53

XVG wkdq wkh prqwko| gdwd vhw/ vhh Iljxuh 6161
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Wdeoh 617= Dq HtFP ri wkh hòhfwlyh h{fkdqjh udwh zlwk qrq0olqhdu rlo sulfh hòhfwv1

üehw @ ý 3=433
+ý6=93;,

^hý +fsl ý fsli ,`wý4. 3=4<3
+5=9:;,

ühwý4

ý 3=679
+ý6=685,

ü+UE wý4 ýüfsl wý5,ý 3=537
+ý5=67;,

üfsli w

. 3=;54
+6=383,

ü5UEi wý4. 3=3<<
+4=:<<,

ü7IL1\ wý 3=365
+ý7=544,

lg<:t4

^ý 3=436
+ý6=<83,

ürloswý 3=356
+ý5=:57,

ürloswý5`{^4 . h{si7+RLOSwý 47=4<:
+6:=:44,

,j`ý4

ý 3=363
+ý6=968,

ürloswý4{^4 . h{siRLOSwý RLOSwý4j,`ý4

Vdpsoh= 4<:5=504<<:=7 / W @ 436> n @ 431 Phwkrg= POH

Gldjqrvwlfv
aâ @ 4=33(
Orj oln @ 74;=;85
U5 @ 3=89
DU 4ý 8 I +8> ;;, @ 3=743^3=;74`
DUFK +7, I +7> ;8, @ 3=7:;^3=:85`
Khw =[l5 I +53> :5, @ 3=7<8^3=<93`
Khw =[l [m I +89> 69, @ 4=598^3=55;`
Qrupdolw| "5+5, @ 4=:3:^3=759`
UHVHW I+ 4> <5, @ 3=794^3=7<<`
WWQO I +55> 97, @ 3=;;<^3=998`

ûL|iG îh@U!i|t Mi*Lê |üi it|ð4@|it UL?|@ð? ELh_ð?@h)ä |íñ@*ýit êüð*i t^ý@hi Mh@U!i|t

UL?|@ð? Tíñ@*ýitë +5 ê@t LM|@ð?i_ M) ïw5 êð|ü f4 � i_ @| �eë�b.ë Aüi ñ@*ýi Lu +5

ðt @*4Lt| |üi t@4i ðu @ UL?t|@?| |ih4 ðt ð?U*ý_i_ ð? |üi 4L_i*ë Aüi |it|t @hi i T*@ð?i_

ð? A@M*i ôë�ë

Jlyhq wkh hylghqfh iurp wkh elyduldwh dqdo|vlv lq vhfwlrq 5 dqg wkh hvwlpdwhv ri f4 dqg f5 rq

txduwhuo| gdwd/ zh surfhhghg zlwk wkh prghoolqj ri Ghfxw rq prqwko| gdwd zlwk f4 dqg f5 ñ{hg

dw 47 dqg 531

Wdeoh 616 dqg 617 suhvhqw sduvlprqlrxv yhuvlrqv ri wkh wzr prghov dqg wkh dvvrfldwhg gldjqrv0

wlfv1 Lq frqwudvw wr wkh prgho ri ühw/ wkh prgho ri Ghfxw lv hvwlpdwhg e| ROV vlqfh lw lv olqhdu lq

sdudphwhuv iru ñ{hg ydoxhv ri wkh wudqvlwlrq dqg wkuhvkrog sdudphwhuv1 D uh0hvwlpdwlrq e| ROV ri

jhqhudolvhg yhuvlrqv ri erwk prghov zlwk O> K> G dqg s vhw wr 5 dqg i+> , ghñqhg e| wkh uhsruwhg

ydoxhv ri è4> è5> ï> g> f4 dqg f5/ dovr ohg wr wkh vdph vshflñf yhuvlrqv dv vkrzq lq Wdeoh 616 dqg 6171

Wklv/ zkhq vwdwlvwlfdoo| lqvljqlñfdqw yduldeohv dqg whupv zhuh h{foxghg iru wkh vdnh ri sduvlprq|1

H{fhsw iru wkh qrq0olqhdu rlo sulfh whupv/ erwk prghov frqwdlq wkh vdph uhjuhvvruv dv wkh prghov

zlwk olqhdu rlo sulfh hòhfwv suhvhqwhg lq Wdeoh 614 dqg 6151 Qrwh dovr wkdw wkh htxloleulxp fruuhfwlrq

whup ^hfx 0 +fsl0fsli ,`wý5 lq wkh prqwko| prgho kdv ehfrph vljqlñfdqw dw wkh 8( ohyho zkhq xvlqj
wkh w0glvwulexwlrq/ zklfk lv qrw lqdssursuldwh jlyhq wkh hylghqfh iru vwdwlrqdulw| ri wklv whup/ vhh

Wdeoh 714 lq wkh dsshqgl{1 Qrz erwk prghov vxjjhvw wkdw wkh Qruzhjldq qrplqdo h{fkdqjh udwh

uhvsrqgv wr glòhuhqfhv lq grphvwlf dqg iruhljq sulfhv lq wkh vkruw dqg orqj uxq1

Krzhyhu/ wkh prghov kdyh glòhuhqw orqj uxq vroxwlrqv1 Wkh orj ohyho ri rlo sulfh/ rloswý4>
dsshduv lq d olqhdu zd| lq wkh prgho ri Ghfx +dqg hyhq zlwk wkh vdph frhïflhqw hvwlpdwh dv lq

wkh olqhdu prgho ri Ghfx,/ vhh Wdeoh 614 dqg 6161 Wkh lpsolfdwlrq lv wkdw kljkhu rlo sulfhv ohdg wr
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Iljxuh 616= Iluvw urz= Ydoxhv ri wkh orjlvwlf ixqfwlrqv ryhu wkh shulrg 4<<3=4404<<;=44/ prqwko|
gdwd1 Vhfrqg urz= Ydoxhv ri wkh orjlvwlf ixqfwlrqv ryhu wkh shulrg 4<:5=504<<:=7/ txduwhuo| gdwd1

dq dssuhfldwlrq ri wkh orqj uxq uhdo h{fkdqjh udwh +hfx0fsl0fsli ,/ lq frqwudvw wr wkh SSS wkhru|1

Rq wkh txduwhuo| gdwd vhw/ krzhyhu/ +orj, ohyho ri rlo sulfhv zhuh irxqg wr kdyh qhlwkhu olqhdu qru

qrq0olqhdu hòhfwv rq ühw1 Iru h{dpsoh/ dq I 0whvw dffhswhg }hur uhvwulfwlrqv rq rlosw> rloswý4 dqg
rloswý5 zlwk d s0ydoxh ri derxw <3( zkhq wkh| zhuh dgghg wr wkh prgho lq Wdeoh 6171 Wkxv wkh

orqj uxq uhdo h{fkdqjh udwh +h0fsl0fsli , htxdov d frqvwdqw/ }hur/ lq vwulfw dffrugdqfh zlwk wkh SSS

wkhru|1

Vkruw uxq rlo sulfh hòhfwv= Wdeoh 616 dqg 617 vkrz wkdw rlo sulfhv kdyh vwdwlvwlfdoo| vljqlñfdqw

qrq0olqhdu hòhfwv lq wkh vkruw uxq1 Wkh qrq0olqhdu hòhfwv duh hvvhqwldoo| wkh vdph lq erwk prghov

vxjjhvwlqj wkdw fkdqjhv lq rlo sulfhv kdyh uhodwlyho| vwurqj hòhfwv zkhq rlo sulfhv duh ehorz 47 XVG

dqg duh glvsod|lqj d idoolqj wuhqg1 Dw ohyhov durxqg ru deryh 53 grooduv/ rlo sulfhv zhuh irxqg wr

kdyh vwdwlvwlfdoo| lqvljqlñfdqw hòhfwv zkhq mxgjhg dw wkh 8( ohyho1 Dv qrwhg deryh/ vxfk whupv

kdyh ehhq ohiw rxw iurp wkh prgho ri üh dowrjhwkhu vlqfh wkhlu frhïflhqwv zhuh dovr qxphulfdoo|

vpdoo1 Wkh prgho ri Ghfx krzhyhu frqwdlqv vxfk d whup/ wkrxjk lw lv rqo| vwdwlvwlfdoo| vljqlñfdqw

dw wkh 43( ohyho1 Pruh revhuydwlrqv dw kljkhu ohyhov ri rlo sulfhv pd| surylgh pruh ñup hylghqfh

rq lwv uhohydqfh1

Qxphulfdoo|/ wkh hòhfwv ri rlo sulfhv zkhq ehorz 47 grooduv duh doprvw 43 wlphv wkh vl}h ri

wkh hòhfwv vxjjhvwhg e| wkh fruuhvsrqglqj olqhdu prghov1 Lq d vwdwh ri idoolqj rlo sulfhv/ wkh

hòhfwv duh dovr uhodwlyho| vwurqjhu dw ohyhov ri rlo sulfhv kljkhu wkdq 47 XVG1 Lw lv dssduhqw wkdw d
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olqhdu uhsuhvhqwdwlrq ri rlo sulfh hòhfwv whqgv wr eulqj derxw xqghuhvwlpdwlrq ri wkh h{fkdqjh udwh

uhvsrqvh wr ðxfwxdwlrqv lq rlo sulfhv1
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Total effect of a contemporary change

OILP(t)
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.21

.24

.27
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Total effect of a contemporary change

OILP(t)
OILP(t-12) = 22

OILP(t-12) = 17OILP(t-12) = 12

Iljxuh 617= Wrs= Wkh wrwdo frqwhpsrudu| hòhfw + @ ^ 3=5;;IOrz . 31355IKljk .
31376IGlii `{ürlosw ,/ lq devroxwh ydoxh/ ri d fkdqjh lq wkh rlo sulfh +yhuwlfdo d{lv, dw glòhu0
hqw ohyhov ri wkh fxuuhqw rlo sulfh +RLOS+w,,1 IGlii lv ghñqhg e| RLOS+w045, @ 4:1 Erwwrp= Wkh
wrwdo frqwhpsrudu| hòhfw ri d idoo lq wkh rlo sulfh li wkh rlo sulfh zdv 45 +grwwhg olqh,/ 4: +vrolg
olqh, dqg 55 +gdvkhg olqh, grooduv d |hduv djr/ l1h1 dw wý 45= Krul}rqwdo d{lv= fxuuhqw ohyho ri rlo
sulfh lq grooduv +RLOS+w,,1

Wkh qrq0olqhdu rlo sulfh hòhfwv lpsolhg e| erwk prghov duh frqvlvwhqw zlwk wkh ohyho dqg wuhqg

hòhfwv vxjjhvwhg e| wkh elyduldwh dqdo|vlv lq vhfwlrq 5/ dsduw iurp wkh vwdwlvwlfdo lqvljqlñfdqfh ri

rlo sulfh hòhfwv dw rlo sulfhv durxqg dqg deryh 53 grooduv1

Iljxuh 617 od|v rxw wkh ohyho dqg wuhqg hòhfwv ri rlo sulfhv rq wkh h{fkdqjh udwh lpsolhg e| wkh

prgho ri Ghfx1 Dv qrwhg deryh/ erwk prghov lpso| hvvhqwldoo| wkh vdph vkruw uxq hòhfwv ri rlo

sulfhv1 Iru wkh sxusrvh ri looxvwudwlrq/ krzhyhu/ zh irfxv rq wkh hòhfwv vxjjhvwhg e| wkh prgho ri

Ghfx vlqfh lw dovr vhhpv wr fdswxuh wkh ñqglqjv edvhg rq wkh elyduldwh dqdo|vlv1

Wkh judsk dw wkh wrs lq Iljxuh 617 looxvwudwhv krz wkh vwuhqjwk ri vkruw uxq rlo sulfh hòhfwv

ghshqgv rq wkh ohyho ri wkh rlo sulfh lq grooduv/ RLOS1 Lw vnhwfkhv wkh wrwdo frqwhpsrudu| hòhfw +lq

devroxwh ydoxh, rq wkh h{fkdqjh udwh iurp ürlosw dw glòhuhqw ohyhov ri RLOS xqghu wkh dvvxpswlrq

wkdw RLOS wý45 lv 4: grooduv1 Wkh uhodwlrq ehwzhhq wkh hòhfw rq wkh h{fkdqjh udwh dqg wkh rlo
sulfh lq grooduv dsshduv frqyh{1 Wkh hòhfw lv vwurqjhvw zkhq wkh rlo sulfh lv ehorz 46 grooduv1 Wklv

ehfdxvh Iw>Orz dqg Iw>Glii duh ixoo| dfwlyh vlqfh wkhlu ydoxhv duh forvh wr 4 dw vxfk sulfh ohyhov/ vhh

Iljxuh 6151 Dv wkh rlo sulfh ulvhv deryh 47 grooduv/ wkh sduwldo hòhfw ghfolqhv vkduso| exw wkhuhdiwhu

dw d vorzhu sdfh dv lw ulvhv deryh 48 grooduv1 Wkh uhdvrq lv wkdw Iw>Orz frqyhujhv wr }hur dv wkh rlo

sulfh ulvhv deryh 48 grooduv/ vhh Iljxuh 6151

Wkh hòhfw iurp wkh wuhqg whup/ ürlos { IGlii > dovr ghfolqhv zlwk wkh uhgxfhg glòhuhqfh ehwzhhq

wkh fxuuhqw sulfh dqg sdvw sulfh +4: grooduv, dqg glvdsshduv dw 4< grooduv1 Wkdw lv/ zkhq wkh rlo

sulfh kdv ulvhq e| 5 grooduv uhodwlyh wr wkh sdvw/ vhh Iljxuh 6151 Lq wkh udqjh ri 4804< grooduv/ wkh
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frqwhpsrudqhrxv hòhfw rq wkh h{fkdqjh udwh lv hqwluho| ghwhuplqhg e| wkh uhodwlyh ghfolqh ru ulvh

lq wkh rlo sulfh/ fi1 Iljxuh 6151 Zkhq wkh rlo sulfh ulvhv deryh 4< grooduv/ wkh hòhfw whqgv wr lqfuhdvh

ehfdxvh Iw>Kljk vwduwv ulvlqj wr 41 Wkh hòhfw dw kljk ohyhov ri wkh rlo sulfh lv krzhyhu uhpdundeo|

zhdn frpsduhg zlwk wkh hòhfw dw orz ohyhov ri wkh rlo sulfh1

Wkh judsk dw wkh erwwrp lq Iljxuh 617 looxvwudwhv wkh wuhqg hòhfw pruh fohduo|1 Lw vkrzv wkdw

wkh vwuhqjwk ri vkruw uxq rlo sulfh hòhfwv dovr ghshqgv rq zkhwkhu wkh rlo sulfh lv glvsod|lqj d ulvlqj

ru idoolqj wuhqg1 Iru lqvwdqfh/ li wkh rlo sulfh zdv 55 grooduv ru kljkhu d |hdu djr/ wkh hòhfw ri d

ghfuhdvh ru lqfuhdvh/ ürlosw B 3> lv kljkhu li wkh fxuuhqw sulfh +RLOS w, lv ehorz lwv ohyho ri wkh

suhylrxv |hdu1 Wkh wuhqg hòhfw ehfrphv qhjoljleoh dqg ydqlvkhv zkhq wkh fxuuhqw sulfh h{fhhgv

sdvw ohyhov1
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oilp_1
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doilp*[1/(1+exp{4(OILP-14)})]
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-.05

0
.05 doilp*[1/(1+exp{-4(OILP-20)})]
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doilp*[1/(1+exp{OILP-OILP_12})]
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Res1Step
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      5% 1up CHOWs
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0

1       5% Ndn CHOWs
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0

1
      5% Nup CHOWs

Iljxuh 618= Prgho= Wkh HtFP ri Ghfx zlwk qrq0olqhdu rlo sulfh hòhfwv1 Uhfxuvlyh ROV hvwlpdwhv
÷5VH ri wkh frhïflhqwv lq wkh qrq0olqhdu prgho1 Wkhuhdiwhu= 40Vwhs dkhdg uhvlgxdov ÷5VH> 40
vwhs dkhdg Fkrz whvwv/ euhdn srlqw +Qgq, dqg iruhfdvw Fkrz whvwv vfdohg e| wkhlu 8( fulwlfdo ydoxhv1
Wkh lqlwldo hvwlpdwhv duh edvhg rq 73 revhuydwlrqv/ l1h1 rq wkh shulrg 4<<3=4404<<7=51 Suhñ{ _g%
ghqrwhv wkh 41 glòhuhqfh/ zkloh _G% ghqrwhv 451 glòhuhqfh +h1j1 Gfsl @ fsl w0fslwý45,=

6171 Prgho hydoxdwlrq

Wkh gldjqrvwlfv lq Wdeoh 616 dqg 617 vkrz wkdw wkh uhjuhvvlrq vshflñfdwlrq whvw +UHVHW, grhv qrw

uhmhfw wkh ixqfwlrqdo irupv dw vwdqgdug ohyhov ri vljqlñfdqfh dq| pruh1 Wkh whvw iru qr0qhjohfwhg

qrq0olqhdu hòhfwv iurp d vshflñhg yduldeoh vxjjhvwhg e| h1j1 Whu�dvyluwd +4<<;, lv dovr shuiruphg rq

wkh uhvlgxdov iurp erwk prghov wr dvvhv zkhwkhu qrq0olqhdu hòhfwv ri rlo sulfhv kdyh ehhq dghtxdwho|
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fkdudfwhulvhg1 Wkh whvw lv ghqrwhg dv WWûw dqg lv shuiruphg xvlqj RLOS dv wkh wudqvlwlrq yduldeoh1

Wkh wdeohv vkrzv wkdw wkh qxoo k|srwkhvhv ri qr0qhjohfwhg qrq0olqhdu rlo sulfh hòhfwv duh qrw uhmhfwhg

dw wkh vwdqgdug ohyhov ri vljqlñfdqfh/ lq erwk fdvhv1 Dovr/ wkh vwdqgdug dvvxpswlrqv uhjduglqj wkh

uhvlgxdov duh qrw uhmhfwhg/ dv lq wkh fdvh ri wkh olqhdu prghov1 Wkh gxpp| yduldeohv duh vwloo qhhghg

krzhyhu wr hqvxuh dgkhuhqfh wr wkhvh dvvxpswlrqv lq erwk prghov1
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Iljxuh 619= Prgho= Wkh HtFP ri üh zlwk qrq0olqhdu rlo sulfh hòhfwv1 Frqvwdqf| vwdwlvwlfv iru wkh
HtFP zlwk qrq0olqhdu rlo sulfh hòhfwv1 Lqlwldo hvwlpdwlrq shulrg lv 4<:5=504<:9=71 Wkhvh kdyh ehhq
rewdlqhg e| ñ{lqj f4 dw 4714<: dqg hvwlpdwlqj wkh prgho uhfxuvlyho| e| ROV1 Suhñ{ _g% ghqrwhv
wkh ñuvw glòhuhqfh ü= Wkh judsk vkrz wkh uhfxuvlyh frhïflhqw hvwlpdwhv ÷5VHw iru wkh lqglfdwhg
uhjuhvvruv/ Rqh0vwhs dkhdg uhvlgxdov ÷5VHw dqg Fkrz vwdwlvwlfv iru wkh prgho1 Wkh odwwhu duh
vfdohg e| wkhlu fulwlfdo ydoxhv dw wkh 8( ohyho ri vljqlñfdqfh1

Wkh whvwv iru sdudphwhu vwdelolw| ryhu wlph gr qrw lqglfdwh qrq0frqvwdqf| lq wkh sdudphwhuv ri

erwk prghov dw wkh 8( ohyho/ vhh Iljxuh 618 dqg 6191 Lq sduwlfxodu/ wkh uhfxuvlyh ROV hvwlpdwhv

ri wkh qrq0olqhdu rlo sulfh hòhfwv duh uhpdundeo| vwdeoh ryhu wlph1 Lw lv zruwk qrwlflqj wkdw wkh

vwdqgdug ghyldwlrqv ri wkh rlo sulfh hòhfwv zkhq rlo sulfhv duh ehorz 47 grooduv ghfuhdvh uhodwlyho|

idvw dv pruh revhuydwlrqv ehorz wklv ohyho frph dorqj/ exw zlwkrxw dòhfwlqj wkh frhïflhqw hvwlpdwhv

ri wkh rlo sulfhv/ vhh h1j1 Iljxuh 618 lq wkh ehjlqqlqj ri 4<<; dqg Iljxuh 619 lq 4<;824<;91

Wkh qrq0olqhdu prghov duh fohduo| suhihuuhg ryhu wkh olqhdu prghov lq whupv ri h{sodqdwru|

srzhu1 Wdeoh 614 dqg 615 vkrz wkdw wkh olqhdu prghov kdyh orzhu h{sodqdwru| srzhu wkdq wkh

qrq0olqhdu prghov1 Lq wkh fdvh ri wkh prghov ri Ghfxw/ dq OU whvw fdq eh shuiruphg1 Lwv rxwfrph/

uhsruwhg lq Wdeoh 616/ lqglfdwhv wkdw wkh olqhdu prgho ri Ghfxw fdq eh vwurqjo| uhmhfwhg djdlqvw lwv

qrq0olqhdu yhuvlrq1
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Iljxuh 61:= Xsshu urz= Uhvlgxdov/ 40vwhs dkhdg uhvlgxdov ÷5VHw> 40Vwhs dkhdg Fkrz vwdwlvwlfv
dqg wkh 8( fulwlfdo ydoxhv edvhg rq wkh olqhdu +O, dqg qrq0olqhdu +QO, HtFPv ri Ghfx hvwlpdwhg
rq wkh prqwko| gdwd vhw1 Orzhu urz= Uhvlgxdov/ 40vwhs dkhdg uhvlgxdov ÷5VHw> 40Vwhs dkhdg
Fkrz vwdwlvwlfv dqg wkh 8( fulwlfdo ydoxhv edvhg rq wkh olqhdu +O, dqg qrq0olqhdu +QO, HtFPv
ri üh hvwlpdwhg rq wkh txduwhuo| gdwd vhw1 Hyhu|zkhuh/ vrolg olqhv ghqrwh ydoxhv edvhg rq wkh
fruuhvsrqglqj qrq0olqhdu prghov ghqrwhg e| QO1

Wkh kljkhu h{sodqdwru| srzhu ri wkh qrq0olqhdu prghov uhodwlyh wr wkh olqhdu prghov lv fohduo|

ghprqvwudwhg lq Iljxuh 61:1 Iru wkh olqhdu dqg qrq0olqhdu prghov/ lw glvsod| wkh uhvlgxdov/ 40vwhs

dkhdg uhvlgxdov ÷5 wlphv uhfxuvlyho| hvwlpdwhg vwdqgdug huuruv +eâ,> VHw> dqg 40vwhs dkhdg Fkrz
whvw vwdwlvwlfv/ vfdohg e| wkh +vdph, rqh rò fulwlfdo ydoxh dw wkh 8( ohyho1 Wkh qrq0olqhdu rlo sulfh

hòhfwv dsshdu lpsruwdqw lq h{sodlqlqj wkh odujh ðxfwxdwlrqv lq wkh h{fkdqjh udwhv zklfk ohdg wr

orzhu vwdqgdug huuruv ri wkh uhvlgxdov lq wkh qrq0olqhdu prghov wkdq lq wkh olqhdu prghov1 Wkh|

dovr ohdg wr pruh vwdeoh sdudphwhu hvwlpdwhv sduwlfxoduo| lq wkh idfh ri rlo sulfh idoov/ dv lqglfdwhg

e| wkh Fkrz vwdwlvwlfv1

Iru h{dpsoh/ Iljxuh 61: srlqwv rxw wkdw wkhuh duh ihzhu vslnhv lq wkh uhvlgxdov iurp wkh qrq0

olqhdu prgho ri Ghfxw wkdq lq wkh uhvlgxdov iurp lwv olqhdu prgho/ hvshfldoo| durxqg 4<<7 dqg lq

4<<;1 Iljxuh 616 vxjjhvwv wkdw wkh qrq0olqhdu hòhfwv ri orz dqg ghfolqlqj rlo sulfhv duh dfwlyh lq

wkhvh shulrgv dqg holplqdwh wkh vslnhv1 Krzhyhu/ Iljxuh 61: lqglfdwhv uhodwlyho| vpdoohu glòhuhqfh

ehwzhhq wkh h{sodqdwru| srzhu ri wkh wzr prghov lq 4<<92<:/ l1h1 gxulqj wkh odujh dssuhfldwlrq

suhvvxuh1 Wkxv wkh dssuhfldwlrq suhvvxuh vhhpv wr kdyh dulvhq pdlqo| gxh wr rwkhu idfwruv wkdq

wkh uhodwlyho| kljk rlo sulfhv lq wklv shulrg/ dv vxjjhvwhg e| h1j1 Nylohnydo dqg Yædugdo +4<<:,1

Wkh orzhu urz ri Iljxuh 61: jlyhv wkh lpsuhvvlrq wkdw wkh qrq0olqhdu prgho ri h pdlqo| rzhv lwv
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vxshulru shuirupdqfh wr wkh frlqflghqfh ehwzhhq orz rlo sulfhv dqg wkh ghydoxdwlrq lq 4<;91 Wkhuh

lv wkxv d qhhg wr lqyhvwljdwh zkhwkhu orz rlo sulfhv fdq h{sodlq rwkhu lqflghqwv ri idoo lq wkh ydoxh

ri wkh nurqh1 Zh wxuq wr wklv lvvxh odwwhu1

H{whqvlrq ri wkh lqirupdwlrq vhw zlwk dgglwlrqdo yduldeohv= Wdeoh 619 ghprqvwudwhv wkdw

wkh prgho ri üh zlwk qrq0olqhdu rlo sulfh hòhfwv lv txlwh urexvw wr h{whqvlrq ri wkh lqirupdwlrq

vhw1 Wkh lqirupdwlrq vhw kdv ehhq h{whqghg e| yhfwru ]1 Vshflñfdoo|/ e| surgxfwlylw| jurzwk dw

krph dqg deurdg/ üt dqg üti > jurzwk lq jryhuqphqw h{shqglwxuhv +üj, dqg jurzwk lq grphvwlf

JGS +ü|, ru fkdqjhv lq xqhpsor|phqw udwh üx= Wkh dgglwlrqdo yduldeohv zhuh lqfoxghg zlwk xs

wr wkuhh odjv1 Wdeoh 618 suhvhqwv wkh prgho dqg wkh rxwfrph ri yduldeoh rplvvlrq whvwv zkhq üt>

üti dqg üj duh lqfoxghg zlwk xs wr wkuhh odjv1

Wdeoh 618= Wkh HtFP ri wkh hòhfwlyh h{fkdqjh udwh zlwk dgglwlrqdo yduldeohv1

üehw @ ý 3=3<:
+ý6=556,

^hý +fsl ý fsli ,`wý4. 3=538
+5=939,

ühwý4

ý 3=5:<
+ý5=565,

ü+UE wý4 ýüfsl wý5,ý 3=58:
+ý4=<99,

üfsli w

. 3=:98
+5=86;,

ü5UEi wý4. 3=3;9
+4=75;,

ü7IL1\ wý 3=35<
+ý6=8:8,

lg<:t4

^ý 3=436
+ý6=897,

ürloswý 3=356
+ý5=67:,

ürloswý5`{^4 . h{si7+RLOSw ý 47=4<:,j`ý4

ý 3=367
+ý6=:8;,

ürloswý4{^4 . h{siRLOSwý RLOSwý4j,`ý4

ý 3=38<
+ý4=:35,

ütiw ý 3=359
+ý3=:98,

ütiwý4. 3=33<
+3=5:3,

ütiwý5. 3=344
+3=675,

ütiwý6

ý 3=355
+ý3=:6<,

ütwý 3=349
+ý3=84<,

ütwý4. 3=346
+3=73<,

ütwý5ý 3=348
+ý3=7<8,

ütwý6

ý 3=568
+ý4=649,

üjwý 3=444
+ý3=877,

üjwý4. 3=376
+3=53<,

üjwý5ý 3=686
+ý4=;83,

üjwý6

Vdpsoh= 4<:5=504<<:=7 / W @ 436> n @ 55/ Phwkrg= ROV

Whvwv iru rplvvlrq ri yduldeohv
üti üt üj ü| üx

Mrlqwd I +7> ;4, = ^3=7;7` ^3=944` ^3=444`
Vhsdudwhe I +7> ;<, = ^3=67<` ^3=::6` ^3=46<` ^3=644` ^3=;38`
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UL?|@ð? Tíñ@*ýitë �L_i* it|ð4@|i_ M) ïw5 êð|ü f4 � i_ @| �eë�b.ë
dAüi 6í|it|t êihi TihuLh4i_ M) T*@Uð?} 3ihL hit|hðU|ðL?t L? |üi UL?|i4TLh@h)

@?_ *@}}i_ ñ@*ýit Lu |üi ð?_ðU@|i_ ñ@hð@M*i êüð*i hi|@ð?ð?} |üi @__ð|ðL?@* ñ@hð@M*itë
eAüi 6í|it| êihi TihuLh4i_ M) i U*ý_ð?} @** @__ð|ðL?@* ñ@hð@M*it i UiT| |üi
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Qrqh ri wkhvh yduldeohv wxuqv rxw wr kdyh vwdwlvwlfdoo| vljqlñfdqw hòhfwv dw wkh 8( ohyho1 Wkh

ñvfdo srolf| yduldeoh kdv uhodwlyho| odujh frhïflhqwv wkdw lqglfdwh dssuhfldwlrq suhvvxuh rq wkh

qrplqdo h{fkdqjh udwh xsrq dq lqfuhdvh lq jryhuqphqw vshqglqj1 Wkh hòhfwv duh krzhyhu lqvljqli0

lfdqw dw wkh 8( ohyho/ hyhq li fohduo| lqvljqlñfdqw whupv duh rplwwhg iurp wkh prgho1 Wkh yduldeoh

rplvvlrq whvwv lqglfdwh wkdw qrqh ri wkh dgghg yduldeohv kdv vljqlñfdqw hòhfwv dqg fdq eh rplwwhg

iurp wkh prgho dowrjhwkhu1 Wklv zdv dovr wkh fdvh zkhq wkh lqvljqlñfdqw yduldeohv zhuh vhtxhqwldoo|
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rplwwhg iurp wkh prgho/ zlwk rqh h{fhswlrq1 Wkh frqwhpsrudu| hòhfw ri surgxfwlylw| fkdqjhv lq

wkh wudglqj frxqwulhv +ütiw , zdv irxqg wr eh vljqlñfdqw dw wkh vwulfwo| 8( ohyho zkhq doo wkh rwkhu

dgglwlrqdo yduldeohv zhuh h{foxghg iurp wkh prgho/ exw zlwk wkh _zurqj% vljq/ l1h1 qhjdwlyh1 Wkh

jryhuqphqw h{shqglwxuhv rq frqvxpswlrq dqg uhdo lqyhvwphqw zhuh dovr hqwhuhg vhsdudwho|/ l1h1 dv

ü+FJ@\ , dqg ü+MJ@\ , zlwk xs wr wkuhh odjv/ exw qrqh ri wkhp zdv irxqg wr kdyh vljqlñfdqw

hòhfwv1

Jurzwk lq JGS +ü|, zdv dovr lqfoxghg lq wkh prgho zlwk xs wr wkuhh odjv/ erwk zkhq wkh

dgglwlrqdo yduldeohv zhuh suhvhqw dqg zkhq wkh| zhuh ohiw rxw/ exw qr vljqlñfdqw hòhfwv zhuh irxqg

ru dq| qrwhzruwk| fkdqjh ghwhfwhg lq wkh frhïflhqw hvwlpdwhv ri wkh lqlwldo yduldeohv1 Fkdqjhv

lq JGS/ dv zhoo lq wkh udwh ri xqhpsor|phqw +üx,> duh olnho| wr uhðhfw wkh lqðxhqfh ri glòhuhqw

yduldeohv wkdw dòhfw wkh Qruzhjldq hfrqrp|1 Lqfoxglqj ü|> ru üx> lq wkh prgho pd| wr vrph

h{whqw/ prs xs wkh hòhfwv ri yduldeohv zklfk duh qrw h{solflwo| lqfoxghg lq wkh prgho1 Wkh yduldeoh

rplvvlrq whvwv/ krzhyhu/ vkrz wkdw qhlwkhu ü| qru üx kdv vwdwlvwlfdoo| vljqlñfdqw hòhfwv rq wkh

qrplqdo h{fkdqjh udwh1

Vlplodu uhvxowv zhuh rewdlqhg lq wkh fdvh ri wkh prqwko| prgho zlwk qrq0olqhdu rlo sulfh hòhfwv1

Iru h{dpsoh/ dq I0whvw dffhswhg }hur uhvwulfwlrqv rq wkh dvvrfldwhg ] yhfwru zkhq lqfoxghg zlwk

wzr odjv lq wkh prgho1 Wkh I +<> 9;, vwdwlvwlfv zdv 31<<< zlwk d s0ydoxh ri 31781 Dv qrwhg hduolhu/

yhfwru ] yhfwru lqfoxghv Ilvf1\/ üx dqg üxi lq wkh fdvh ri wkh prqwko| prgho1
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Iljxuh 61;= Rlosulfh lq XV grooduv +RLOS , dqg wkh hòhfwlyh qrplqdo h{fkdqjh udwh +H, ryhu wkh
shulrg 4<<8=404<<<=61

Srvw vdpsoh hydoxdwlrq Lq wkh iroorzlqj zh xqghuwdnh d srvw0vdpsoh hydoxdwlrq ri wkh prgho

ri üh1 Zh duh deoh wr h{whqg wkh txduwhuo| gdwd vhw e| : txduwhuv iru doo wkh yduldeohv lq wkh prgho

h{fhsw IL1\ iru zklfk zh odfn wkh qxpehu ryhu 4<<<1 ü7IL1\ lv dq|zd| vwdwlvwlfdoo| lqvljqlñfdqw

dw wkh 8( ohyho vr zh zrxog qrw h{shfw wkdw lw zloo lqgxfh frqvlghudeoh rplwwhg yduldeoh eldv lq

rwkhu sdudphwhu hvwlpdwhv li ohiw rxw iurp wkh prgho1

Wkh qhz revhuydwlrqv fryhu wkh shulrg 4<<;=404<<<=6 lq zklfk rlo sulfhv kdyh glvsod|hg ðxfwxd0
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Wdeoh 619= Wkh HtFP ri wkh hòhfwlyh h{fkdqjh udwh hvwlpdwhg rq gdwd h{whqghg e| : txduwhuv1

üehw @ ý 3=443
+ý6=<;;,

^hý +fsl ý fsli ,`wý4. 3=47<
+5=386,

ühwý4

ý 3=64;
+ý5=<75,

ü+UE wý4 ýüfsl wý5,ý 3=5::
+ý5=<33,

üfsli w

. 3=;4;
+5=;;:,

ü5UEi wý4. 3 ü7IL=\wý 3=364
+ý6=:98,

lg<:t4

^ý 3=456
+ý8=576,

ürloswý 3=358
+ý5=<8<,

ürloswý5`{^4 . h{si7+RLOSwý 47=4<:,j`ý4

ý 3=364
+ý6=8::,

ürloswý4{^4 . h{siRLOSwý RLOSwý4j,`ý4

Vdpsoh= 4<:5=504<<<=6 / W @ 443> n @ <1 Phwkrg= ROV

Gldjqrvwlfv
aâ @ 3=344
U5 @ 3=87
GZ @ 4=<<
DU 4ý 8 I +8> <9, @ 3=6:9^3=;97`
DUFK +7, I +7> <6, @ 3=4<;^3=<6<`
Khw =[l5 I +4;> ;5, @ 3=8;3^3=<37`
Khw =[l [m I +79> 87, @ 3=9<:^3=;<7`
Qrupdolw| "5+5, @ 4=6:9^3=836`
UHVHW I+ 4> 433, @ 3=5;<^3=8<5`
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wlrqv dfurvv d uhodwlyho| zlgh udqjh ri ohyhov dqg glvsod|hg erwk d grzqzdug dqg xszdug wuhqg/ vhh

Iljxuh 61;1 Wkh ñjxuh dovr vkrzv uhodwlyho| odujh ghsuhfldwlrq lq wkh ydoxh ri wkh qrplqdo hòhfwlyh

h{fkdqjh udwh +H, gxulqj 4<<; iroorzhg e| d pdunhg dssuhfldwlrq lq 4<<<1 Wkh qhz revhuydwlrqv

duh wkhuhiruh txlwh lqirupdwlyh iru wkh sxusrvh ri dvvhvvlqj wkh vwdelolw| ri wkh prgho dqg ri wkh

qrq0olqhdu rlo sulfh hòhfwv/ lq sduwlfxodu1

Wdeoh 619 suhvhqwv wkh prgho ri üh> uhhvwlpdwhg e| ROV rq wkh h{whqghg gdwd vhw zlwk f4 ñ{hg dw

4714<:/ dqg wkh dvvrfldwhg gldjqrvwlfv1 Wkh wdeoh vkrzv wkdw wkh prgho lv lqwdfw> sduwlfxoduo| wkh rlo

sulfh hòhfwv/ zkrvh vwdwlvwlfdo vljqlñfdqfh kdv lqfuhdvhg1 Ehvlgh wkdw/ wkh w0ydoxh ri wkh htxloleulxp

fruuhfwlrq whup kdv ehfrph doprvw 07 zklfk ohqg vwuhqjwk wr wkh k|srwkhvlv ri sxufkdvlqj srzhu

sdulw| lq wkh orqj uxq1 Ixuwkhupruh/ wkh gldjqrvwlfv vkrz lpsuryhphqw lq wkh uhvlgxdo surshuwlhv

dqg wkh prgho1

Wkh prgho zlwk olqhdu rlo sulfh hòhfwv lq Wdeoh 615 zdv dovr uhhvwlpdwhg rq wkh h{whqghg gdwd

vhw1 Krzhyhu/ wkh rlo sulfh hòhfwv uhpdlqhg doprvw dv lq Wdeoh 6151 Pruhryhu/ }hur uhvwulfwlrqv rq

ürlosw/ ürloswý4 dqg ürloswý5 zhuh dffhswhg e| dq I0whvw zlwk d s0ydoxh ri 9(1 Lq dgglwlrq/ wkh
UHVHW vwloo vxjjhvwhg d ixqfwlrqdo irup plvvshflñfdwlrq dw wkh 8( ohyho1

D prgho zlwk ghwhuplqlvwlf dffrxqw ri qrq0olqhdulw|= Iljxuh 61: vhhphg wr vxjjhvw wkdw

wkh kljkhu h{sodqdwru| srzhu ri wkh qrq0olqhdu prgho ri h vwhp iurp d surshu uhsuhvhqwdwlrq ri

wkh ghydoxdwlrq lq 4<;9/ zklfk frlqflghg zlwk wkh rlo sulfh idoo lq 4<;824<;91 Rqh pd| vxvshfw
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wkdw d prgho zlwk olqhdu rlo sulfh hòhfwv exw zlwk gxpp| yduldeohv iru wkh deuxsw fkdqjhv lq wkh

h{fkdqjh udwh fdq ohdg wr d frpsdudeoh lpsuryhphqw lq wkh olqhdu prgho dqg pdnh wkh qrq0olqhdu

uhsuhvhqwdwlrq ri rlo sulfh hòhfwv uhgxqgdqw1 Pruhryhu/ rlo sulfhv pd| qrw hyhq kdyh olqhdu hòhfwv

rq wkh h{fkdqjh udwh rqfh wkh ghydoxdwlrq lv frqwuroohg iru e| gxpp| yduldeohv/ fi1 Emáuyln hw do1

+4<<;,1

Wdeoh 61:= Prghov ri wkh hòhfwlyh h{fkdqjh udwh zlwk gxpp| yduldeohv wr uhsuhvhqw wkh qrq0
olqhdulw|1

üehw @ ý 3=43:
+ý6=753,

^hý +fsl ý fsli ,`wý4. 3=566
+5=;35,

ühwý4

ý 3=673
+ý5=<7<,

ü+UE wý4 ýüfsl wý5,ý 3=58;
+ý5=7;;,

üfsli w

. 3=:<;
+5=96:,

ü5UEi wý4. 3=3<4
+4=765,

ü7IL1\ wý 3=368
+ý7=448,

lg<:t4

ý 3=335
+ý3=55;,

ürloswý 3=33<
+ý4=56<,

ürloswý4. 3=337
+3=8<5,

ürloswý5

. 3=36;
+5=<:8,

lg;9t5. 3=354
+4=9;7,

lg;9t6

Vdpsoh= 4<:5=504<<:=7 / W @ 436> n @ 451 Phwkrg= ROV
U5 @ 3=85> aâ @ 3=3448> UHVHW I +4/ <3, @ 4193; ^3153;`

üehw @ ý 3=438
+ý6=7<;,

^hý +fsl ý fsli ,`wý4. 3=546
+5=956,

ühwý4

ý 3=68;
+ý6=594,

ü+UE wý4 ýüfsl wý5,ý 3=55:
+ý5=59<,

üfsli w

. 3=<:7
+6=634,

ü5UEi wý4. 3=43;
+4=:;5,

ü7IL1\ wý 3=364
+ý6=;55,

lg<:t4

ý 3=334
+ý3=3<4,

ürlosw. 3=336
+3=56:,

ürloswý4. 3=353
+4=<:4,

ürloswý5

ý 3=345
+ý3=869,

lg;9t5. 3=335
+3=44;,

lg;9t6

^ý 3=455
+ý5=7:;,

ürloswý 3=377
+ý6=383,

ürloswý5`{^4 . h{si7+RLOSw ý 47=4<:,j`ý4

ý 3=36:
+ý4=<;4,

ürloswý4{^4 . h{siRLOSwý RLOSwý4j,`ý4

Vdpsoh= 4<:5=504<<:=7 / W @ 436> n @ 481 Phwkrg= ROV
U5 @ 3=8;> aâ @ 3=343<> UHVHW I +4/ ;:, @ 31786 ^31836`
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D prgho zlwk gxpp| yduldeohv zrxog eh suhihudeoh li wkh fr0pryhphqw lq wkh rlo sulfh dqg wkh

h{fkdqjh udwh lq 4<;82;9 zdv d xqltxh hyhqw dqg qrw d vwdeoh ihdwxuh1 Vlqfh rwkhuzlvh/ d prgho

zlwk qrq0olqhdu rlo sulfh hòhfwv lv olnho| wr ryhusuhglfw wkh h{fkdqjh udwh ghsuhfldwlrq lq d vwdwh ri

orz dqg idoolqj rlo sulfhv1 Lq wkh iroorzlqj zh whvw iru= +d, zkhwkhu rlo sulfhv kdyh vljqlñfdqw hòhfwv

rqfh wkh ghydoxdwlrq lv frqwuroohg iru/ dqg lq sduwlfxodu/ zkhwkhu xvh ri gxpp| yduldeohv fdq pdnh

wkh qrq0olqhdu uhsuhvhqwdwlrq ri rlo sulfh hòhfwv uhgxqgdqw/ dqg +e, zkhwkhu wkh lqflghqw ri orz rlo

sulfhv dqg d idoo lq wkh ydoxh ri wkh fxuuhqf| lq 4<;9 zdv mxvw d xqltxh hyhqw dqg xqolnho| wr eh

uhshdwhg lq wkh ixwxuh1
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Res1Step +/- 2SE, Model with dummy variables
Res1Step +/- 2SE, Model with non-linear oil price effects

Iljxuh 61<= Gdvkhg olqhv=40vwhs dkhdg uhvlgxdov ÷5VH ri wkh prgho zlwk gxpp| yduldeohv lq wkh
xsshu sdqho ri Wdeoh B/ exw uhfxuvlyho| hvwlpdwhg rq gdwd ryhu wkh shulrg 4<:5=504<<<=61 Vrolg olqhv=
ghslfw 40vwhs dkhdg uhvlgxdov ÷5VH edvhg rq wkh prgho zlwk qrq0olqhdu rlo sulfh hòhfwv ri Wdeoh B/
exw dovr uhfxuvlyho| hvwlpdwhg rq gdwd fryhulqj wkh shulrg 4<:5=504<<<=61 Lqlwldo hvwlpdwlrq shulrg
4<:5=504<:8=7/ lq erwk fdvhv1

Wkh xsshu sdqho ri Wdeoh 61: suhvhqwv d prgho zlwk gxpp| yduldeohv wr dffrxqw iru wkh hyhqwv

lq 4<;9/ zklfk vhhpv wr eh wkh pdlq fdxvh ri wkh revhuyhg qrq0olqhdulw|1 Wzr lpsxovh gxpplhv

wkdw wdnhv rq d ydoxh ri 4 lq 4<;9=5 dqg lq 4<;9=6/ uhvshfwlyho|/ dsshduhg vxïflhqw wr fdswxuh wkh

idoo lq wkh ydoxh ri wkh h{fkdqjh udwh/ vhh Iljxuh 61<1 Frqvhtxhqwo|/ wkhuh lv dq lqfuhdvh lq wkh

h{sodqdwru| srzhu ri wkh prgho uhodwlyh wr wkh olqhdu prgho lq Wdeoh 615/ phdvxuhg e| U5 dqg eâ/
dqg wkh UHVHW whvw grhv qrw uhmhfw wkh ixqfwlrqdo irup dw wkh 8( ohyho1
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Iljxuh 6143= Wrs= Dfwxdo/ ñwwhg dqg iruhfdvwhg ydoxhv +40vwhs dkhdg, ri üh edvhg rq wkh prgho zlwk
gxpp| yduldeohv/ fi wkh xsshu sdqho ri Wdeoh 61:1 Wkh grwwhg eduv duh <8( suhglfwlrq lqwhuydov1
40vwhs dkhdg iruhfdvwv duh iru wkh shulrg 4<<;=404<<<=61 Erwwrp= Dv deryh exw edvhg rq wkh prgho
zlwk wkh qrq0olqhdu rlo sulfh hòhfwv/ Wdeoh 6171

Lq wklv prgho/ wkh rlo sulfh hòhfwv duh hyhq zhdnhu wkdq lq wkh olqhdu prgho/ qxphulfdoo| dqg

vwdwlvwlfdoo|1 Khqfh rqh frxog rplw wkhp dowrjhwkhu iurp wkh prgho iru wkh vdnh ri sduvlprq|/ dqg

fodlp wkdw wkh frpprq shufhswlrq ri vljqlñfdqw rlo sulfh hòhfwv rq wkh Qruzhjldq h{fkdqjh udwh

mxvw rzhv wr wkh frlqflghqfh ri ghydoxdwlrq dqg orz rlo sulfhv lq 4<;91 Krzhyhu/ wklv zrxog eh d
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idoodf| dv vkrzq ehorz1

Wkh orzhu sdqho ri wkh wdeoh dggv wkh qrq0olqhdu rlo sulfh whupv wr wkh deryh prgho/ zlwk f4

ñ{hg dw 4714<:1 Wkh lqfoxvlrq ghprqvwudwhv wkdw olqhdu rlo sulfh whupv dqg wkh rlo sulfh0idoo gxpp|

yduldeohv ehfrph uhgxqgdqw zkloh qrq0olqhdu rlo sulfh whupv duh vljqlñfdqw dw wkh 8( ohyho1

Wklv h{huflvh vxssohphqwv wkh hylghqfh lq idyrxu ri wkh prgho zlwk qrq0olqhdu rlo sulfh hòhfwv/

zklfk dovr rxwshuirupv wkh prgho zlwk wkh gxpp| yduldeohv lq h{sodqdwru| srzhu1 Wkh odwwhu

surshuw| lv reylrxv lq Iljxuh 61</ zklfk vkrzv wkdw wkh hvwlpdwhg vwdqgdug huuruv ri wkh uhvlgxdov

ri wkh prgho zlwk qrq0olqhdu rlo sulfh hòhfwv lv orzhu wkdq wkdw ri wkh prgho zlwk wkh gxpp|

yduldeohv/ qrw rqo| lq wkh vdpsoh xvhg wr ghulyh wkh prghov exw dovr zkhq wkh vdpsoh lv h{whqghg

e| : txduwhuv wr 4<<<=61

Iljxuh 6143 vkrzv wkdw wkh prgho zlwk qrq0olqhdu rlo sulfh hòhfwv lv deoh wr dffrxqw iru idoov lq

wkh ydoxh ri wkh nurqh eh|rqg wkh ghydoxdwlrq lq 4<;91 Wkh ñjxuh ghslfwv wkh 40vwhs dkhdg iruhfdvwv

iru üh ryhu wkh shulrg 4<<;=40 4<<<=6 edvhg rq wkh prgho zlwk gxpp| yduldeohv dqg wkh prghov

zlwk qrq0olqhdu rlo sulfh hòhfwv/ dv suhvhqwhg lq wkh xsshu sdqho ri Wdeoh 61: dqg Wdeoh 6171 Lw

dsshduv wkdw wkh prgho zlwk gxpp| yduldeohv vljqlñfdqwo| xqghu0suhglfwv wkh ghsuhfldwlrq ri wkh

h{fkdqjh udwh gxulqj 4<<; zkloh wkh prgho zlwk qrq0olqhdu rlo sulfh hòhfwv grhv qrw1 Erwk prghov

krzhyhu xqghu suhglfw wkh dssuhfldwlrq ri wkh h{fkdqjh udwh lq 4<<<=5/ zklfk frlqflghv zlwk ulvlqj

rlo sulfhv/ vhh Iljxuh 61431 Wklv srlqwv wr rlo sulfh hòhfwv lq wkh gluhfwlrq ri wkrvh vxjjhvwhg e| wkh

elyduldwh dqdo|vlv dqg wkh prqwko| prgho zlwk qrq0olqhdu rlo sulfh hòhfwv1 Dv qrwhg hduolhu/ vxfk

hòhfw zhuh irxqg vwdwlvwlfdoo| lqvljqlñfdqw rq wkh txduwhuo| gdwd/ srvvleo| gxh wr vfduflw| ri vxfk

fr0pryhphqwv lq rlo sulfhv dqg wkh h{fkdqjh udwh lq wkh txduwhuo| gdwd vdpsoh hqglqj lq 4<<:=71

Krzhyhu/ lw uhpdlqv wr eh lqyhvwljdwhg zkhwkhu ü7IL=\ fdq dffrxqw iru wkh srru iruhfdvwv iru

4<<<=51

Qhyhuwkhohvv/ Iljxuh 6143 vxjjhvwv wkdw d idoo lq wkh ydoxh ri wkh h{fkdqjh udwh lq wkh idfh orz

dqg idoolqj rlo sulfhv lv qrw d frlqflghqwdo ihdwxuh ri wkh prgho1 Khqfh/ d prgho zlwk gxpp|

yduldeohv iru wkh lq0vdpsoh idoov lq wkh ydoxh ri wkh h{fkdqjh udwh lv olnho| wr xqghu0suhglfw wkh

h{fkdqjh udwh uhvsrqvh lq vwdwhv ri orz dqg idoolqj rlo sulfhv1

eë çL?U*ýtðL?t

Wklv sdshu kdv lqyhvwljdwhg zkhwkhu lpsrvlwlrq ri d olqhdu uhodwlrq ehwzhhq rlo sulfhv dqg wkh

Qruzhjldq h{fkdqjh udwh ohdgv wr dq xqghuhvwlpdwlrq ri wkh rlo sulfh hòhfwv dqg khqfh d idloxuh wr

h{sodlq pdmru fkdqjhv lq wkh h{fkdqjh udwh lq wkh idfh ri odujh ðxfwxdwlrqv lq rlo sulfhv1 Wklv lv

eholhyhg wr eh d ihdwxuh ri hduolhu zrun rq wklv vxemhfw1

Wkh sdshu kdv xwlolvhg vdpsohv ri gdlo|/ prqwko| dqg txduwhuo| revhuydwlrqv ri glòhuhqw ohqjwkv

dqg d ydulhw| ri whfkqltxhv dqg prghov wr lqyhvwljdwh zkhwkhu rlo sulfhv kdyh qrq0olqhdu ru vwdwh

ghshqghqw hòhfwv rq wkh ydoxh ri wkh Qruzhjldq h{fkdqjh udwh1 Lq sduwlfxodu/ lw kdv ghulyhg gdwd

frqvlvwhqw dqg lqwhusuhwdeoh htxloleulxp fruuhfwlqj prghov iru erwk wkh nurqh2HFX h{fkdqjh udwh

dqg wkh qrplqdo hòhfwlyh h{fkdqjh udwh1 Pruhryhu/ lw kdv xqghuwdnhq dq h{whqvlyh hydoxdwlrq ri

wkh ghulyhg prghov wr ghprqvwudwh wkh urexvwqhvv ri wkh rewdlqhg uhvxowv/ zklfk kdyh dsshduhg

idluo| xqdqlprxv dfurvv wkh gdwd vdpsohv dqg wkh glòhuhqw prghov1 Wkhvh duh=

Wkhuh lv d qhjdwlyh uhodwlrq ehwzhhq wkh rlo sulfh dqg wkh Qruzhjldq h{fkdqjh udwh= d ulvh lq

rlo sulfhv whqg wr udlvh wkh ydoxh ri wkh nurqh zkloh d idoo whqg wr uhgxfh wkh ydoxh ri wkh nurqh1

Wkh qhjdwlyh uhodwlrq lv krzhyhu qrq0olqhdu vlqfh wkh vwuhqjwk ri wklv uhodwlrq ydulhv zlwk wkh
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ohyho dqg wkh wuhqg lq rlo sulfhv1 D fkdqjh lq rlo sulfhv kdyh d vwurqjhu lpsdfw rq wkh h{fkdqjh

udwh zkhq wkh ohyho ri wkh rlo sulfh lv ehorz 47 XV grooduv udwkhu wkdq dw kljkhu ohyhov1 Lw kdv dovr

dsshduhg wkdw wkh lpsdfw ri d fkdqjh lq rlo sulfhv whqg wr lqfuhdvh dw ohyhov ri rlo sulfhv durxqg

dqg deryh 53 XV grooduv/ exw wklv uhvxow kdv ehhq irxqg wr eh vwdwlvwlfdoo| lqvljqlñfdqw dw wkh 8 shu

fhqw ohyho1 D fkdqjh lq wkh rlo sulfh kdv qxphulfdoo| dqg vwdwlvwlfdoo| lqvljqlñfdqw hòhfwv zkhq rlo

sulfhv ðxfwxdwhv zlwklq wkhlu qrupdo udqjh/ zklfk kdv dsshduhg wr eh wkh ohyhov ehwzhhq 47 dqg

53 XV grooduv lq wkh gdwd vdpsohv dw kdqg1 Wkh hòhfw ri d fkdqjh lq rlo sulfhv rq wkh h{fkdqjh

udwh kdv dovr ehhq irxqg wr ghshqg rq zkhwkhu rlo sulfhv glvsod| d idoolqj ru ulvlqj wuhqg1 Lq wkh

iruphu fdvh/ wkh hòhfw ehfrphv txlwh vwurqj zkloh d fkdqjh lq rlo sulfhv gr qrw kdyh dq| vljqlñfdqw

hòhfw rq wkh h{fkdqjh udwh li rlo sulfhv duh rq d ulvlqj wuhqg1 Dffruglqjo|/ fkdqjhv lq rlo sulfhv

kdyh qhjoljleoh hòhfwv/ li dq|/ rq wkh h{fkdqjh udwh li rlo sulfhv duh dw qrupdo ohyhov/ xqohvv wkh|

duh h{klelwlqj d whqghqf| wr idoo1

Wkh hòhfwv ri d fkdqjh lq rlo sulfhv rq wkh h{fkdqjh udwh kdv ehhq irxqg wr eh pxfk vwurqjhu

lq prghov zlwk wkh qrq0olqhdu uhsuhvhqwdwlrq ri rlo sulfh hòhfwv wkdq lq vlplodu prghov exw zlwk

d olqhdu uhsuhvhqwdwlrq ri rlo sulfh hòhfwv1 Iru lqvwdqfh/ dw orz ohyhov ri rlo sulfhv/ wkh hòhfw ri d

fkdqjh lq rlo sulfhv lv derxw 43 wlphv vwurqjhu wkdq lq wkh prghov zlwk olqhdu rlo sulfh hòhfwv1 Dq

dpsoh ri hylghqfh kdv vxjjhvwhg wkdw lpsrvlwlrq ri olqhdu rlo sulfh hòhfwv whqg wr eulqj derxw d

jurvv xqghuhvwlpdwlrq ri wkh h{fkdqjh udwh uhvsrqvh wr d fkdqjh lq rlo sulfhv1 Hvshfldoo|/ zkhq rlo

sulfhv duh dw orz ohyhov dqg duh idoolqj1

Wkh prghov zlwk qrq0olqhdu rlo sulfh hòhfwv kdyh rxwshuiruphg vlplodu prghov exw zlwk olqhdu

rlo sulfh hòhfwv lq h{sodqdwru| srzhu/ hvshfldoo| gxulqj wkh pdmru idoov lq wkh ydoxh ri wkh nurqh1

Pruhryhu/ wkh iruphu prghov kdyh ehhq irxqg wr eh gdwd frqvlvwhqw lq frqwudvw wr wkh odwwhu prghov

zklfk kdyh ehhq irxqg wr eh plvvshflñhg1 Ixuwkhupruh/ d prgho zlwk wkh qrq0olqhdu uhsuhvhqwdwlrq

ri rlo sulfh hòhfwv kdyh ehhq vkrzq wr vxffhvvixoo| suhglfw wkh rxw0ri0vdpsoh ghsuhfldwlrq ri wkh

Qruzhjldq h{fkdqjh udwh lq 4<<;1 Wklv lq frqwudvw wr d vlplodu prgho exw zlwk gxpp| yduldeohv wr

dffrxqw iru lq0vdpsoh h{fhvvlyh ðxfwxdwlrqv lq wkh h{fkdqjh udwh1 Wkxv/ wkh revhuyhg qrq0olqhdulw|

kdv vhhphg wr uhðhfw d vwdeoh ihdwxuh ri wkh xqghuo|lqj uhodwlrq ehwzhhq wkh rlo sulfh dqg wkh

h{fkdqjh udwh udwkhu wkdq d frlqflghqwdo ru d xqltxh lq0vdpsoh hyhqw1

Wkh uhsruwhg qrq0olqhdu rlo sulfh hòhfwv duh rqo| uhohydqw lq wkh vkruw uxq1 Lq wkh orqj uxq/ rlo

sulfhv kdyh ehhq irxqg wr kdyh olqhdu hòhfwv rq nurqh2HFX h{fkdqjh udwh exw qr hòhfwv rq wkh

qrplqdo hòhfwlyh h{fkdqjh udwh1 Wkh prgho ri wkh nurqh2HFX h{fkdqjh udwh/ zklfk lv edvhg rq

prqwko| gdwd iurp wkh 4<<3v/ lpsolhv wkdw wkh Qruzhjldq uhdo h{fkdqjh udwh lv ghshqgv rq wkh rlo

sulfh1 Dffruglqjo|/ kljk ohyhov ri rlo sulfhv ohdg wr d uhdo h{fkdqjh udwh dssuhfldwlrq1 Krzhyhu/

wkh prgho ri wkh qrplqdo hòhfwlyh h{fkdqjh udwh/ edvhg rq txduwhuo| gdwd ryhu wkh shulrg 4<:50

4<<:/ lpsolhv wkdw wkh qrplqdo h{fkdqjh udwh rqo| uhðhfwv wkh udwlr ehwzhhq grphvwlf dqg iruhljq

sulfhv/ lq vwulfw dffrugdqfh zlwk wkh sxufkdvlqj srzhu sdulw| +SSS, k|srwkhvlv1 Dffruglqjo|/ wkh

Qruzhjldq uhdo h{fkdqjh lv frqvwdqw dqg lqghshqghqw ri rlo sulfhv lq wkh orqj uxq1 Wkxv wkh

hpslulfdo hylghqfh lq wklv sdshu surylghv pl{hg vxssruw iru wkh SSS k|srwkhvlv1 Krzhyhu/ jlyhq

wkh orqj vsdq ri gdwd xvhg lq ghulylqj wkh prgho ri wkh qrplqdo hòhfwlyh h{fkdqjh udwh/ zh duh

lqfolqhg wr dwwdfk pruh zhljkw wr wkh lpsolfdwlrqv ri wklv prgho wkdq wr wkrvh ri wkh prgho ri wkh

nurqh2HFX h{fkdqjh udwh1

Wkh devhqfh ri qrq0olqhdu rlo sulfh hòhfwv lq wkh orqj uxq dqg wkh vwurqj vxssruw iru wkh qrq0

olqhdu rlo sulfh hòhfwv lq wkh vkruw uxq lv frqvlvwhqw zlwk wkh ylhz wkdw qrq0olqhdulwlhv pd| dulvh
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gxh wr lqvwlwxwlrqdo ehkdylrxu1 Wkdw lv/ wkh ñqglqjv duh frqvlvwhqw zlwk wkh ylhz wkdw d fhqwudo

edqn lv riwhq ohvv nhhq rq vwdelolvlqj wkh h{fkdqjh udwh zkhq idfhg zlwk d ghsuhfldwlrq suhvvxuh

frpsduhg zlwk wkh fdvh ri dq dssuhfldwlrq suhvvxuh/ hvshfldoo| zkhq wkh h{fkdqjh udwh wdujhw lv lq

frqðlfw zlwk wkh frqfhuq iru h1j1 wkh dfwlylw| ohyho/ ñqdqfldo vwdelolw| dqg frpshwlwlyhqhvv1 Vxfk

dv|pphwulf uhvsrqvh fdq lwvhoi ohdg wr vwurqjhu suhvvxuh iru ghsuhfldwlrq wkdq iru dssuhfldwlrq dqg

wkhuhe| pdnh wkh ghsuhfldwlrq vhoi0ixoñoolqj1 Wkh hpslulfdo hylghqfh lq wklv sdshu lqglfdwhv wkdw

d fkdqjh lq wkh rlo sulfh lv olnho| wr wuljjhu odujhu fdslwdo pryhphqwv dqg khqfh odujhu h{fkdqjh

udwh ðxfwxdwlrqv zkhq wkh rlo sulfhv duh ehorz wkhlu qrupdo udqjh dqg duh idoolqj1 Orz dqg idoolqj

rlo sulfhv/ gxh wr wkhlu dgyhuvh hòhfwv rq h1j1 wkh dfwlylw| ohyho/ pd| lqwhqvli| wkh whqvlrq ehwzhhq

d vwdeoh h{fkdqjh udwh srolf| dqg rwkhu remhfwlyhv sxuvxhg e| wkh prqhwdu| dxwkrulwlhv dqg wkxv/

lqfuhdvh wkh xqfhuwdlqw| dvvrfldwhg zlwk wkhlu frpplwphqw wr wkh h{fkdqjh udwh srolf|1

Ilqdoo|/ zh qrwh wkdw wklv sdshu kdv suhvhqwhg zhoo vshflñhg pxowlyduldwh h{fkdqjh udwh prghov

zlwk uhpdundeo| vwdeoh sdudphwhu hvwlpdwhv dqg idluo| kljk h{sodqdwru| srzhu/ zklfk lv txlwh hq0

frxudjlqj1 Wklv djdlqvw wkh edfnjurxqg ri zlghvsuhdg shvvlplvp lq wkh olwhudwxuh uhjduglqj wkh

srvvlelolw| ri ghulylqj vxfk h{fkdqjh udwh prghov/ zlwk ru zlwkrxw qrq0olqhdu hòhfwv iurp pdfurh0

frqrplf yduldeohv/ vhh h1j1 Phhvh dqg Urvh +4<<4,/ Phhvh +4<<3, dqg Iudqnho dqg Urvh +4<<8,1

Wkhuhiruh/ wkh sdshu qrw rqo| vxjjhvwv wkdw rqh wdnhv d qhz orrn dw vwxglhv wkdw kdyh uhsruwhg

xqvwdeoh rlo sulfh hòhfwv rq h{fkdqjh udwhv/ exw dovr ròhuv uhvxowv wkdw fdq eh xwlolvhg lq ixuwkhu

wkhruhwlfdo dqg hpslulfdo uhvhdufk rq h{fkdqjh udwhv1

+iuihi?Uit
Dnudp/ T1 I1 dqg M1 S1 Krowhu +4<<9,= Romhsulv rj groodu nxuv 0 hq hpslulvn dqdo|vh1 Shqjhu rj

Nuhglww 4<<926/ Qrujhv Edqn/ Rvor1

Dnudp/ T1 I1 +5333,= SSS ghvslwh uhdo vkrfnv= Dq hpslulfdo dqdo|vlv ri wkh Qruzhjldq uhdo

h{fkdqjh udwh1 Xqsxeolvkhg pdqxvfulsw/ Qrujhv Edqn/ Rvor1

Doh{dqghu/ H1 Z1/ Juhhq/ M1 K1 dqg E1 Duqdvrq +4<<:,= D prqhwdu| srolf| iudphzrun iru Qruzd|=

Wkh rswlrqv1 Lq D1 E1 Fkulvwldqvhq dqg M1 I1 Tyljvwdg +hgv1,= Fkrrvlqj d prqhwdu| srolf|

wdujhw iru Qruzd|1 Vfdqglqdyldq Xqlyhuvlw| Suhvv/ Rvor1

Edqhumhh/ D1/ Grodgr/ M1/ Jdoeudlwk/ M1 dqg G1 Khqgu| +4<<7,= Fr0lqwhjudwlrq/ huuru fruuhfwlrq

dqg wkh hfrqrphwulf dqdo|vlv ri qrq0vwdwlrqdu| gdwd1 R{irug Xqlyhuvlw| Suhvv/ R{irug1

Emáuyln/ O1 K1/ Prun/ N1 D1 dqg E1 K1 Xssvwdg +4<<;,= Sædylunhv nxuvhq sæd qruvnh nurqhu dy

yhughqvsulvhq sæd romhB Qruvn "nrqrplvn Wlgvvnuliw/ 4/ 40661

Euxqr/ P1 dqg M1 Vdfkv +4<;5,= Hqhuj| dqg uhvrxufh doorfdwlrq= D g|qdplf prgho ri wkh _Gxwfk

Glvhdvh%1 Uhylhz ri Hfrqrplf Vwxglhv/ 7</ 8/ ;780;8<1

Fdoyr/ J1 +4<<;, Ydulhwlhv ri fdslwdo0pdunhw fulvhv1 Lq J1 Fdoyr dqg P1 Nlqj +4<<;,= Wkh ghew

exughq dqg lwv frqvhtxhqfhv iru prqhwdu| srolf|1 Pdfplooldq Sxeolvkhuv/ Qhz \run1

Frughq/ Z1 P1 +4<;7,= Errplqj vhfwru dqg Gxwfk Glvhdvh hfrqrplfv= Vxuyh| dqg frqvrolgdwlrqv1

R{irug Hfrqrplf Sdshuv/ 69/ 68<06;31

Gh Judxzh/ S1 +4<<9,= Lqwhuqdwlrqdo prqh|= Srvwzdu0wuhqgv dqg wkhrulhv1 R{irug Xqlyhuvlw|

Suhvv/ R{irug1
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Gruqexvfk/ U1 +4<:9,= H{shfwdwlrqv dqg h{fkdqjh udwh g|qdplfv/ Mrxuqdo ri Srolwlfdo Hfrqrp|/

;7/ 4494044:91

Hglvrq/ K1 M1 +4<<6,= Wkh hòhfwlyhqhvv ri fhqwudo0edqn lqwhuyhqwlrq= D vxuyh| ri wkh olwhudwxuh diwhu

4<;51 Vshfldo Sdshuv lq lqwhuqdwlrqdo hfrqrplfv/ Qr1 4;/ Mxo| 4<<61 Sulqfhwrq Xqlyhuvlw|1

Hqjoh/ U1 I1/ Khqgu|/ G1 I1 dqg M1 I1 Ulfkdug +4<;6,= H{rjhqhlw|1 Hfrqrphwulfd/ 84/ 5/ 5::06371

Iorrg/ U1 dqg Q1 Pdulrq +4<<;,= Shuvshfwlyhv rq wkh uhfhqw fxuuhqf| fulvhv olwhudwxuh1 Zrunlqj

Sdshu 96;3/ QEHU1 Pdvvdfkxvhwwv1

Iudqnho/ M1 D1 dqg D1 N1 Urvh +4<<8,= Hpslulfdo uhvhdufk rq qrplqdo h{fkdqjh udwhv1 Lq J1

Jurvvpdq dqg N1 Urjrò +Hgv,= Kdqgerrn ri Lqwhuqdwlrqdo Hfrqrplfv/ yro1 LLL/ Fk1 66/

49;<04:5<1 Hovhylhu Vflhqfh E1 Y1

Iurrw/ N1 dqg N1 Urjrò +4<<9,= Shuvshfwlyhv rq SSS dqg wkh orqj uxq uhdo h{fkdqjh udwhv1 QEHU

Zrunlqj Sdshu Qr1 7<851

Jlevrq/ K1 G1 +4<<9,= Lqwhuqdwlrqdo ñqdqfh= H{fkdqjh udwhv dqg ñqdqfldo ðrzv lq wkh lqwhuqd0

wlrqdo v|vwhp1 Orqjpdq sxeolvklqj/ Qhz \run1

Jroxe/ V1 V1 +4<;6,= Rlo sulfhv dqg h{fkdqjh udwhv/ Wkh Hfrqrplf Mrxuqdo/ <6/ 8:908<61

Judqjhu/ F1 Z1 M1 dqg S1 Qhzerog +4<:7,= Vsxulrxv uhjuhvvlrqv lq hfrqrphwulfv1 Mrxuqdo ri

Hfrqrphwulfv/ 5/ 44404531

Judqjhu/ F1 Z1 M1 dqg W1 Whu�dvyluwd +4<<6,= Prghoolqj qrq0olqhdu hfrqrplf uhodwlrqvklsv1 R{irug

Xqlyhuvlw| Suhvv/ R{irug1

Judqjhu/ F1 Z1 M1/ Whu�dvyluwd/ W1 dqg G1 Wmávwkhlp +4<<8,= qrq0olqhdu Wlph vhulhv1 Lq U1 Hqjoh

dqg G1 PfIdgghq +hgv,= Kdqgerrn ri Hfrqrphwulfv/ 7/ Qruwk Kroodqg1

Juhhq/ V1 O1/ N1 D1 Prun dqg N1 Yddjh +4<<9,= Shuvlvwhqw vkrfnv dqg wudqvlwru| lqqrydwlrqv lq

fuxgh rlo sulfhv/ 4;9504<<61 Plphr/ Ed|oru Xqlyhuvlw|1

Kdogdqh/ D1 J1 +4<<:,= Wkh prqhwdu| iudphzrun lq Qruzd|1 Lq D1 E1 Fkulvwldqvhq/ dqg M1 I1

Tyljvwdg +hgv1,= Fkrrvlqj d prqhwdu| srolf| wdujhw iru Qruzd|1 Vfdqglqdyldq Xqlyhuvlw|

Suhvv/ Rvor1

Kdoozrrg/ S1 F1 dqg U1 PdfGrqdog +4<<7,= Lqwhuqdwlrqdo prqh| dqg ñqdqfh1 Eodfnzhoo Sxeolvk0

huv/ R{irug1

Kdplowrq/ M1 G1 +4<;6,= Rlo dqg wkh pdfurhfrqrp| vlqfh Zruog Zdu LL1 Mrxuqdo ri Srolwlfdo

Hfrqrp|/ 54/ 55;057;1

Khqgu|/ G1 I1 +4<<8,= G|qdplf hfrqrphwulfv1 R{irug Xqlyhuvlw| Suhvv/ R{irug1

Khqgu|/ G1 I1 dqg M1 D1 Grruqln +4<<9,= Hpslulfdo hfrqrphwulf prghoolqj xvlqj SfJlyh <14 iru

Zlqgrzv1 Lqwhuqdwlrqdo Wkrpvrq Exvlqhvv Suhvv/ Orqgrq1

Kruvqhoo/ S1 dqg S1 Pdeur +4<<;,= Rlo pdunhwv dqg sulfhv= Wkh Euhqw pdunhw dqg wkh irupdwlrq

ri zruog rlo sulfhv1 R{irug Xqlyhuvlw| Suhvv/ R{irug1
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Mdutxh/ F1 P1 dqg D1 N1 Ehud +4<;3,= Hïflhqw whvwv iru qrupdolw|/ krprvfhgdvwlflw| dqg vhuldo

lqghshqghqfh ri uhjuhvvlrq uhvlgxdov1 Hfrqrplf Ohwwhuv/ 9/ 588058<1

Nylohnydo/ H1 dqg H1 Yædugdo +4<<:,= Ydoxwdxurhq yhg æduvvnliwhw 4<<92<: 0 æduvdn rj oãugrpphu1

Vrvldoánrqrphq/ ;/ 90;1

Pdun/ Q1 F1 +4<<3,= Uhdo dqg qrplqdo h{fkdqjh udwhv lq wkh orqj uxq= Dq hpslulfdo lqyhvwljdwlrq1

Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 5;/ 44804691

Phhvh/ U1 +4<<3,= Fxuuhqf| ðxfwxdwlrqv lq wkh srvw0Euhwwrq Zrrgv hud1 Mrxuqdo ri Hfrqrplf

Shuvshfwlyhv/ 7/ 4/ 44:04671

Phhvh/ U1 dqg D1 N1 Urvh +4<<4,= Dq hpslulfdo dvvhvphqw ri qrq0olqhdulwlhv lq prghov ri h{fkdqjh

udwh ghwhuplqdwlrq1 Uhylhz ri Hfrqrplf Vwxglhv/ 8;/ 6/ 936094<1

Prun/ N1 D1/ Rovhq/ "1 dqg K1 W1 P|vhq +4<<7,= Pdfurhfrqrplf Uhvsrqvhv wr Rlo Sulfh Lqfuhdvhv

dqg Ghfuhdvhv lq Vhyhq RHFG Frxqwulhv1 Hqhuj| Mrxuqdo/ 48+7,/ 4<0681

Qrujhv Edqn +4<;:,= H{fkdqjh udwh dqg lqwhuyhqwlrq srolf|1 Lq Qruzhjldq iruhljq h{fkdqjh

srolf|1 Qrujhv Edqnv Vnuliwvhulh/ Qr1 491 Qrujhv Edqn/ Rvor1

Qrujhv Edqn +4<<3,= Hfrqrplf Exoohwlq 4<<3261 Qrujhv Edqn/ Rvor1

Qrujhv Edqn +4<<8,= Qruzd|*v prqhwdu| dqg h{fkdqjh udwh srolf| xqghu d ðrdwlqj h{fkdqjh udwh

uhjlph1 Lq Qruzhjldq prqhwdu| srolf| dqg ñqdqfldo pdunhwv1 Qrujhv Edqnv Vnuliwvhulh Qr1

571 Qrujhv Edqn/ Rvor1

Qrujhv Edqn +4<<;,= Hfrqrplf Exoohwlq 4<<;271 Qrujhv Edqn/ Rvor1

Revwihog/ P1 +4<<7,= Wkh orjlf ri fxuuhqf| fulvhv1 Fdklhuv êHfrqrplftxhv hw Prqêhwdluhv/ 76/ 4;<0

5461

Rovhq/ N1 +4<<3,= Wkh glvpdqwolqj ri Qruzhjldq iruhljq h{fkdqjh uhjxodwlrqv1 Lq Hfrqrplf

Exoohwlq 4<<326/ 4970:31 Qrujhv Edqn/ Rvor1

Shuurq/ S1 +4<;<,= Wkh juhdw fudvk/ wkh rlo vkrfn dqg wkh xqlw urrw k|srwkhvlv1 Hfrqrphwulfd/ 8:/

4694047341

Tyljvwdg/ M1 I1 +4<<:,= Qruzhjldq wudglwlrqv dqg lqwhuqdwlrqdo wuhqgv1 Lq D1 E1 Fkulvwldqvhq

dqg M1 I1 Tyljvwdg +hgv1,= Fkrrvlqj d prqhwdu| srolf| wdujhw iru Qruzd|1 Vfdqglqdyldq

Xqlyhuvlw| Suhvv/ Rvor1

Udpvh|/ M1 E1 +4<9<,= Whvwv iru vshflñfdwlrq huuruv lq fodvvlfdo olqhdu ohdvw vtxduhv uhjuhvvlrq

dqdo|vlv1 Mrxuqdo ri wkh Ur|do Vwdwlvwlfdo Vrflhw| E/ 64/ 68306:41

Urjrò/ N1 +4<<9,= Wkh sxufkdvlqj srzhu sdulw| sx}}oh1 Mrxuqdo ri Hfrqrplf Olwhudwxuh1 [[[LY/

97:099;1

Vwdwlvwlfv Qruzd| +4<<;,= Rlo dqg jdv dfwlylw|= Vwdwlvwlfv dqg dqdo|vlv1 Vwdwlvwlfv Qruzd|/ Rvor1

Vkd}o|/ P1 U1 +4<;<,= Wkh rlo sulfh hòhfw rq wkh groodu2srxqg udwh ri h{fkdqjh1 Lqwhuqdwlrqdo

Hfrqrplf Mrxuqdo/ 6+6,/ :60;61
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Whu�dvyluwd/ W1 +4<<;,= Prghoolqj hfrqrplf uhodwlrqvklsv zlwk vprrwk wudqvlwlrq uhjuhvvlrqv1 Lq

D1 Xoodk dqg G1 H1 Jlohv +hgv1, +4<<;,= Kdqgerrn ri Dssolhg Hfrqrplf Vwdwlvwlfv/ Fk1 48/

83:08851 Pdufho Ghnnhu/ Lqf1 Qhz \run1

Zklwh/ K1 +4<;3,= D khwhurvnhgdvwlflw|0frqvlvwhqw fryduldqfh pdwul{ hvwlpdwru dqg d gluhfw whvw

iru khwhurvnhgdvwlflw|1 Hfrqrphwulfd/ 7;/ ;4:0;6;1

úTTi?_ð 
Vpdoo ohwwhuv lqglfdwh wkh qdwxudo orjdulwkp ri wkh yduldeohv olvwhg ehorz/ h1j1 { @ oq+[,1 Xqohvv

rwkhuzlvh vwdwhg/ wkh vrxufh lv Qrujhv Edqn*v gdwdedvh WUROO;1

Wkh yduldeohv dqg vrph ri wkhlu wudqvirupdwlrqv duh judskhg lq Iljxuh 714 ehorz1 Wkh xqlw

urrw whvwv duh uhsruwhg lq Wdeoh 7141

FSL = Frqvxphu sulfh lqgh{1 Vhulhv qr1 P49333451

FSL i = Frqvxphu sulfh lq Qruzd|*v wudglqj sduwqhuv1 Vhulhv qr1 P79<38451

HFX = Lqgh{ iru QRN2HFX1 Fhqwudo ydoxh= :1<<73 @4331 Vhulhv qr1 P<635765 iru prqwko| dqg

G<635765 iru gdlo| revhuydwlrqv1

Ilvf1\ = Sxeolf vhfwru*v qhw vdylqjv uhodwlyh wr wkh jurvv qdwlrqdo surgxfw +\ ,1

l<6s45 = Lpsxovh gxpp| wkdw wdnhv rq d ydoxh 4 lq 4<<6=45 dqg }hur hovhzkhuh1 Wkh rwkhu lpsxovh

gxpplhv duh frqvwuxfwhg lq d vlplodu zd|1

Gfsl = Frqvxphu sulfh lqðdwlrq lq Qruzd|1 Gfsl w @ fslw 0 fsl wý45

Gfsli = Frqvxphu sulfh lqðdwlrq lq Qruzd|*v wudglqj sduwqhuv/ pdlqo| zhvwhuq Hxurshdq frxq0

wulhv1 Fdofxodwhg dv Gfsl1

Ghfx= @ hfxw 0 hfxwý45=

üU6= @ U6 iw 0 U6
i
wý4=

üU6Q= @ U6 w 0 U6 wý4=

GQD1\ @ QD1\ w 0 QD1\ wý45

IL1\ = Iruhljqhuv* qhw ñqdqfldo lqyhvwphqw lq Qruzd| wr JGS1 IL1\ @ +E:3QRVV 0EQR:3VV,2\1

Vrxufh= gdwdedvh WUROOEDO/ Qrujhv Edqn1

RLOS = Vsrw sulfh ri Euhqw Eohqg fuxgh rlo lq XV grooduv1 Vhulhv qr1 P5334:45 iru prqwko| dqg

G5334:45 iru gdlo| revhuydwlrqv1

U6 i = Hòhfwlyh shu dqqxp hxuruhqw rq HFX ghqrplqdwhg dvvhwv/ pdwxulw| wkuhh prqwk1 Vhulhv

qr1 P;98468F1

U6 = Hòhfwlyh shu dqqxp hxuruhqw rq QRN ghqrplqdwhg dvvhwv/ pdwxulw| wkuhh prqwk1 Vhulhv

qr1 P<34938F1

X = Uhjlvwhuhg +ru rshq, xqhpsor|phqw udwh/ vhdvrqdoo| xqdgmxvwhg1 Vhulhv qr1 P34356551
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X i = Uhjlvwhuhg xqhpsor|phqw lq HX frxqwulhv/ vhdvrqdoo| dgmxvwhg1 Vhulhv qr1 P7:793561

\ = Jurvv qdwlrqdo surgxfw ri Qruzd|1 Wkh prqwko| vhulhv lv fdofxodwhg e| hyhq glvwulexwlrq ri wkh

txduwhuo| vhulhv rq hdfk ri wkh prqwk +lq wkh txduwhu,1 Vrxufh1 Txduwhuo| Qdwlrqdo Dffrxqwv/

Vwdwlvwlfv Qruzd|1

Wdeoh 714= Xqlw urrw whvwv/ prqwko| revhuydwlrqv 4<;<=:04<<;=441
Yduldeoh g e( w0dgi+g,
RLOS 4 031493 071596úú

rlos 4 031456 0613;6ú

U6 6 031376 041;3;
U6 i 4 031336 031683
üU6 4 031:<: 071:3<úú

üU6 i 5 031869 07187;úú

^U60U6 i ` 6 03157: 0618<8úú

^fsl 0 fsli ` 5 031379 061936úú

hfx 5 03138< 051697
hfxG 5 031394 051<97ú

^hfx0+fsl0fsli,` 8 031383 051;:6ú

^hfx0+fsl0fsli,`G 8 031386 061:7<úú

GIL1\ 8 03144; 061:<9úú
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Iljxuh 714= Prqwko| revhuydwlrqv ri vhohfwhg yduldeohv ryhu wkh shulrg 4<<3=440<;=441 g @ ü zkloh
G @ ü45=

"ý@h|ih*) _@|@G
Xqohvv vwdwhg rwkhuzlvh/ wkh yduldeohv olvwhg ehorz duh wdnhq iurp wkh gdwd edvh iru ULPLQL/

wkh txduwhuo| pdfurhfrqrphwulf prgho xvhg lq Qrujhv Edqn1 Wkh pdlq vrxufhv iru ULPLQL*v

gdwd edvh duh Txduwhuo| Qdwlrqdo Dffrxqwv/ ILQGDWU/ WUROO; / RHFG PHL dqg LIV1 Wkhvh

gdwd edvhv duh pdlqwdlqhg e| Vwdwlvwlfv Qruzd|/ Qrujhv Edqn/ Qrujhv Edqn/ RHFG dqg LPI/

uhvshfwlyho|1 Wkh ULPLQL qdphv ri wkh yduldeohv duh lqglfdwhg lq vtxduh eudfnhwv ^`1 Qrwh wkdw wklv

sdshu hpsor|v vhdvrqdoo| xqdgmxvwhg txduwhuo| gdwd1 Vrph ri wkh yduldeohv duh judskhg lq Iljxuh

715 zkloh wkh xqlw urrw whvwv duh uhsruwhg lq Wdeoh 7151

FSL = Frqvxphu sulfh lqgh{ iru Qruzd|/ 4<<4 @ 41 ^FSL`1

FSL i = Wudgh zhljkwhg dyhudjh ri frqvxphu sulfh lqglfhv iru Qruzd|*v wudglqj sduwqhuv1 Phdvxuhg

lq iruhljq fxuuhqf|/ 4<<4 @ 41 ^SFNRQN`1

FJ = Sxeolf frqvxpswlrq h{shqglwxuhv/ ñ{hg 4<<8 sulfhv/ Ploo1 Qruzhjldq nurqh +QRN,1 ^FR`1

FV = Fhqwhuhg vhdvrqdo gxpp| yduldeoh +phdq }hur, iru wkh ñuvw txduwhu lq hdfk |hdu1 Lw lv 31:8

lq wkh ñuvw txduwhu dqg 03158 lq hdfk ri wkh wkuhh rwkhu txduwhuv/ iru hyhu| |hdu1

H = Wudgh zhljkwhg qrplqdo ydoxh ri QRN/ 4<<4 @ 41 ^SEYDO`1

IL1\ = D phdvxuh ri iruhljqhuv +doo,/ qhw ñqdqfldo lqyhvwphqw lq Qruzd|/ ñ{hg 4<<4 sulfhv/ Ploo1

QRN1 Frqvwuxfwhg e| wdnlqj wkh ñuvw glòhuhqfh ri qhw iruhljq ghewv vkduh ri JGS/ ^O]1\`/

l1h1 IL1\ @ üO]1\1

j = Sxeolf h{shqglwxuhv* vkduh ri JGS/ l1h1 j @ +FJ.MJ,@\ =
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lg<:t4 = Lpsxovh gxpp| uhodwhg wr wkh rlo sulfh klnh lq 4<<92<:1 Lw kdv d ydoxh ri 4 lq 4<<:=4/ 04

lq 4<<:=5 dqg }hur hovhzkhuh1

MJ = Sxeolf h{shqglwxuhv iru jurvv uhdo lqyhvwphqw/ ñ{hg 4<<8 sulfhv/ Ploo1 QRN1 ^MR`1

RLOS = Sulfh shu eduuho ri Euhqw Eohqg fuxgh rlo lq XV grooduv1 Vrxufh WUROO;/ vhulhv qr1

T5334:451

T = Ydoxh dgghg shu xqlw oderxu frvw lq Qruzd|1 Wkh lqyhuvh ri ydoxh dgghg edvhg xqlw oderxu

frvwv1 42^OSH1\`1

Ti = Ydoxh dgghg shu xqlw oderxu frvw lq wudglqj sduwqhuv1 Wkh lqyhuvh ri wudgh zhljkwhg dyhudjh

ri ydoxh dgghg edvhg xqlw oderxu frvwv1 42^P1OSH`1

U = Wudgh zhljkwhg uhdo h{fkdqjh udwh/ ghñqhg dv U @ +H { FSL i ,2FSL = ^USEYDO`1

UE = \lhog rq 9 |hduv Qruzhjldq jryhuqphqw erqgv/ txduwhuo| dyhudjh1 ^U1EV`1

UEi = QRN edvnhw0zhljkwhg dyhudjh ri lqwhuhvw udwhv rq orqj whup iruhljq erqgv1 ^U1ENXU`1

UV = 6 prqwk Hxur nurqh lqwhuhvw udwh1 ^UV`1

X = Wrwdo xqhpsor|phqw udwh/ iudfwlrq ri oderxu irufh h{foxvlyh vhoi hpsor|hg dqg rq oderxu

pdunhw surjudpv1 ^XWRW`1

\ = Jurvv grphvwlf surgxfw iru Qruzd|1 Ploo1 QRN/ ñ{hg 4<<8 sulfhv1 ^\`1
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Iljxuh 715= Txduwhuo| revhuydwlrqv ri vhohfwhg yduldeohv ryhu wkh shulrg 4<:5=40<:=71 Suhñ{ g @ ü1
H ì H dqg h ì h=
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Wdeoh 715= DGI whvwv iru xqlw urrw/ frqvwdqw dqg wuhqg lqfoxghg1

Yduldeohv 4ý e( w0DGI DGI+s, n
h 0313<7 06149< 4 7
üh 031;48 0;145;úú 3 6
fsl 031334 031444 8 :
üfsl 031854 071::8úú 7 8
fsli 031339 0416:4 ; 44
üfsli 031684 061;97ú : <

h0fsl0fsli 03149: 061<78ú : :
UE 03134; 041484 ; :
üUE 031:57 0918:6úú 9 9
UEi 03138: 051956 6 9
üUEi 0319;9 091:7;úú 6 8
IL1\ 03194< 081466úú : :
rlos 0313:< 051757 8 8
rlosd 0314:3 061;83ú 8 8
RLOS 03138< 041:66 8 9
RLOSd 0313;8 0514<8 8 9
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