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Devwudfw

Lq wklv sdshu zh ghyhors d pxwol0vhfwru prgho ri �upv* sulflqj ehkdy0
lrxu xqghu lpshuihfw frpshwlwlrq1 Zh doorz iru wkh idfw wkdw vrph jrrgv
vrog zloo eh iru �qdo frqvxpswlrq/ zkloh rwkhuv zloo eh xvhg dv lqwhuphgldwh
jrrgv lq ixuwkhu surgxfwlrq1 Zh dvvxph wkdw sulfh vhwwhuv duh frqvwudlqhg
e| wkh h{lvwhqfh ri Fdoyr +4<;6, frqwudfwv zklfk hqdeohv xv wr phdvxuh
wkh h{whqw ri sulfh lqhuwld dfurvv lqgxvwuldo vhfwruv1 Zh ixuwkhu doorz iru
wkh srvvlelolw| wkdw vrph �upv vhw sulfhv wr pd{lplvh wkh glvfrxqwhg ydoxh
ri sur�wv/ zkloh rwkhuv vhw sulfhv dffruglqj wr d edfnzdug0orrnlqj uxoh0ri0
wkxpe1 Zh wkhq hvwlpdwh wkh uhvxowlqj sulfh0vhwwlqj htxdwlrqv iru 4; XV
pdqxidfwxulqj lqgxvwulhv gh�qhg dw wkh VLF 50gljlw ohyho ryhu wkh shulrg
4<8< wr 4<<91 Zh �qg wkdw wkhuh lv vwdwlvwlfdoo| vljql�fdqw yduldelolw| lq hv0
wlpdwhv ri sulfh vwlfnlqhvv/ udqjlqj iurp 7 prqwkv wr doprvw 418 |hduv zlwk
vljql�fdqwo| pruh lqhuwld lq wkh vhwwlqj ri gxudeoh jrrgv sulfhv1 Zh dovr
�qg wkdw hvwlpdwhv ri edfnzdug0orrnlqj sulfh0vhwwlqj ehkdylrxu ydu|/ zlwk
vrph lqgxvwulhv dfwlqj lq d sxuho| iruzdug0orrnlqj pdqqhu/ zkloh rwkhuv
duh fkdudfwhul}hg e| doprvw 83( ri �upv vhwwlqj sulfhv lq d edfnzdug0
orrnlqj idvklrq1 Ilqdoo| zh �qg wkdw �upv lq ohvv frpshwlwlyh lqgxvwulhv
+fkdudfwhul}hg e| kljkhu dyhudjh pdunxs0xsv, whqg wr dgmxvw sulfhv ohvv
iuhtxhqwo| dqg duh ohvv olnho| wr gr vr lq d iruzdug0orrnlqj pdqqhu1

Mho Frghv=H6
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Wkh Qhz Nh|qhvldq Skloolsv fxuyh +QNSF,/ zklfk olqnv fxuuhqw lq dwlrq wr
h{shfwdwlrqv ri ixwxuh lq dwlrq dqg d phdvxuh ri h{fhvv ghpdqg lq wkh irup ri

WZh zrxog olnh wr wkdqn wkh iroorzlqj lqglylgxdov iru ydoxdeoh dgylfh rq phdvxuhphqw

lvvxhv shuwdlqlqj wr wkh XV lqgxvwu| gdwd= Udqg| Ehfnhu/ XV Exuhdx ri wkh Fhqvxv> Zd|qh

Jud|/ QEHU> Udosk Prqdfr/ XV Ghsduwphqw ri wkh Wuhdvxu|> Gdq Zlovrq/ Vdq Iudqflvfr

Ihghudo Uhvhuyh1 Zh zrxog dovr olnh wr wkdqn Kdvkpdw Nkdq/ Vlprq Sulfh/ Shwhu Vlqfodlu dqg

vhplqdu sduwlflsdqwv dw wkh Edqn ri Hqjodqg iru khosixo frpphqwv rq dq hduolhu gudiw ri wkh

sdshu1 Doo huuruv uhpdlq rxu rzq1
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wkh rxwsxw jds/ kdv ehfrph d pdlqvwd| ri prghuq pdfurhfrqrplfv dv sduw ri
wkh cQhz Qhr0Fodvvlfdo V|qwkhvlv* +vhh Jrrgiulhqg dqg Nlqj +4<<:, iru d glv0
fxvvlrq,1 Krzhyhu/ xqwlo uhfhqwo|/ wklv hvvhqwldo exloglqj eorfn ri frqwhpsrudu|
pdfurhfrqrplfv kdv ehhq fulwlfl}hg rq hpslulfdo jurxqgv +vhh Pdqnlz dqg Uhlv
+5334,/ iru h{dpsoh,/ odujho| ehfdxvh lw dssduhqwo| idlov wr fdswxuh wkh ghjuhh ri
lq dwlrq lqhuwld pdq| eholhyh wr eh d ihdwxuh ri wkh gdwd1 Uhfhqw zrun rq wkh
QNSF edvhg rq Fdoyr*v +4<;6, ryhuodsslqj frqwudfwv iudphzrun +vhh iru h{dp0
soh Jdoð dqg Jhuwohu +4<<<,/ Jdoð hw do1 +5334,/ Verugrqh +5335, dqg Ohlwk dqg
Pdooh| +5335,, vxjjhvwv wkdw/ dv d phdvxuh ri lq dwlrqdu| suhvvxuhv/ wkh rxw0
sxw jds lv d srru sur{| iru pdujlqdo frvwv1 Dffruglqjo|/ zkhq d wkhruhwlfdoo|
frkhuhqw QNSF lv hvwlpdwhg iru wkh XV dqg Hxur0duhd/ xvlqj djjuhjdwh orj0
olqhdulvhg oderu vkduh gdwd dv d phdvxuh ri pdujlqdo frvwv/ wkh QNSF dsshduv
wr eh d uhdvrqdeoh prgho ri lq dwlrq1

Lq wklv sdshu zh exlog rq wkh lqvljkw ri wklv dssurdfk/ exw h{whqg wkh dqdo|vlv
wr wdnh dffrxqw ri vhfwrudo gl�huhqfhv lq sulfh0vhwwlqj ehkdylru1 Vhyhudo dxwkruv
kdyh qrwhg wkdw prqhwdu| srolf| fdq kdyh vljql�fdqwo| glyhuvh lpsdfwv rq gli0
ihuhqw vhfwruv/ zlwk sduwlfxodu dwwhqwlrq ehlqj sdlg wr wkh ydu|lqj uhvsrqvhv wr
prqhwdu| srolf| ri gxudeoh dqg qrq0gxudeoh frqvxphu jrrg vhfwruv +vhh/ iru h{0
dpsoh/ Jdoð +4<<6, dqg Ed{whu +4<<9,,1 Ghvslwh wkhvh gl�huhqfhv/ prvw dqdo|vhv
ri rswlpdo prqhwdu| srolf| xqghuwdnhq dv sduw ri wkh Qhz Qhr0Fodvvlfdo V|qwkh0
vlv xwlol}h vlqjoh0vhfwru prghov1 Dq h{fhswlrq wr wklv lv Hufhj dqg Ohylq +5335,
zkr ghyhors d wzr0vhfwru vwlfn|0sulfh prgho dqg ghprqvwudwh wkdw zhoiduh gh0
shqgv xsrq lq dwlrq dqg rxwsxw jdsv zlwklq hdfk vhfwru/ qrw vlpso| djjuhjdwh
yduldeohv1 Lq Hufhj dqg Ohylq +rs flw1, wkh gl�huhqfhv dfurvv vhfwruv vwhp iurp
ghpdqg0vlgh gl�huhqfhv dfurvv gxudeoh dqg qrq0gxudeoh jrrgv/ exw d frpprq
ghjuhh ri sulfh0vwlfnlqhvv lv dvvxphg dfurvv vhfwruv1 Drnl +5334, dovr ghyhorsv
d vhfwrudo prgho/ exw irfxvhv rq gl�huhqfhv lq wkh ghjuhh ri sulfh vwlfnlqhvv
dfurvv vhfwruv1 Klv dqdo|vlv vxjjhvwv wkdw prqhwdu| srolf| vkrxog wdujhw lq d0
wlrq lq wkh vwlfn|0sulfh vhfwru udwkhu wkdq irfxvlqj rq dq djjuhjdwh phdvxuh1 Lq
rwkhu zrugv/ zhoiduh lv pd{lpl}hg e| uhgxflqj wkh glvwruwlrqv dvvrfldwhg zlwk
sulfh vwlfnlqhvv wkurxjk wdujhwlqj d phdvxuh ri cfruh* lq dwlrq zklfk lv edvhg
rq lq dwlrq lq wkh vwlfn| sulfh vhfwru1 Dffruglqjo|/ dq| �qglqj ri vljql�fdqw
dv|pphwulhv lq sulfh0vhwwlqj ehkdylru dfurvv vhfwruv vkrxog surylgh hylghqfh rq
zklfk wr edvh d cfruh* phdvxuh ri lq dwlrq1 Dgglwlrqdoo|/ Eduwvn| hw do1 +5336,
vxjjhvw wkdw zkhwkhu ru qrw sulfh vwlfnlqhvv uhvwv lq gxudeoh ru qrq0gxudeoh
jrrgv vhfwruv lv fuxfldo lq gh�qlqj wkh lpsdfw ri prqhwdu| srolf| rq wkh hfrq0
rp|1 Ilqdoo|/ hylghqfh rq sulfh fkdqjhv rq lqglylgxdo frqvxphu jrrgv froohfwhg
e| Elov dqg Nohqrz +5335, dovr vxjjhvwv vljql�fdqw gl�huhqfhv lq qrplqdo lqhu0
wld dfurvv vhfwruv1 Iru wkhvh uhdvrqv/ hvwlpdwlqj wkh h{whqw ri qrplqdo lqhuwld
dfurvv vhfwruv lv dq lpsruwdqw h{whqvlrq ri wkh QNSF dssurdfk1

Wr doorz iru vhfwrudo gl�huhqfhv lq sulfh0vhwwlqj/ zh dvvxph wkdw lpshuihfwo|
frpshwlwlyh �upv vhoo wkhlu jrrgv wr ex|huv zklfk sxufkdvh jrrgv iurp doo vhfwruv
lq wkh hfrqrp|1 Wklv lpsolhv wkdw wkh �upv wdnh lqwr dffrxqw wkh sulfh wkh|
vhw uhodwlyh wr wkh sulfhv vhw e| rwkhu �upv/ erwk lq wkhlu rzq lqgxvwu| dqg
dfurvv wkh hfrqrp| dv d zkroh1 Dgglwlrqdoo|/ e| doorzlqj �upv lq rqh vhfwru
wr ex| jrrgv iurp rwkhu �upv +erwk lq lwv vhfwru dqg lq rwkhu vhfwruv, iru xvh
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lq surgxfwlrq/ zh dovr doorz iru yduldwlrqv lq udz pdwhuldov dqg lqwhuphgldwh
jrrgv sulfhv wr d�hfw wkh pdujlqdo frvwv idfhg e| d sulfh0vhwwhu1

Pruh vshfl�fdoo|/ zh frqvwuxfw d prgho ri �upv* sulfh0vhwwlqj ehkdylru zklfk
doorzv �upv wr vhoo wkhlu surgxfwv wr frqvxphuv/ wkh jryhuqphqw dqg rwkhu �upv/
dqg wr vxevwlwxwh lqwhuphgldwh jrrgv iru oderu lq surgxfwlrq1 Lq rxu vhwxs �upv
zloo vhw wkhlu sulfhv vxemhfw wr wkh frqvwudlqwv lpsolhg e| Fdoyr frqwudfwv1 Zkhq
�upv duh deoh wr dgmxvw sulfhv/ vrph zloo vhw wkh qhz sulfh wr pd{lpl}h wkh
glvfrxqwhg ydoxh ri ixwxuh sur�wv/ zkloh rwkhuv zloo iroorz d vlpsoh edfnzdug0
orrnlqj uxoh ri wkxpe zklfk/ dowkrxjk qrw rswlpdo lq wkh vkruw0uxq/ zloo dfklhyh
wkh sur�w0pd{lpl}lqj sulfh lq wkh orqj0uxq1 Wkh srvvleoh h{lvwhqfh ri uxoh ri
wkxpe sulfh vhwwhuv pd| uh hfw lqirupdwlrq surfhvvlqj frvwv dorqj wkh olqhv ri
Vlpv +4<<;, dqg doorzv xv wr phdvxuh wkh h{whqw ri edfnzdug0orrnlqj ehkdylru
lq sulfh vhwwlqj1 Rxu irupxodwlrq jlyhv ulvh wr d vshfl�fdwlrq ri wkh QNSF dw
wkh vhfwrudo ohyho1

Zkhq zh hfrqrphwulfdoo| hvwlpdwh rxu vshfl�fdwlrq ri sulfh0vhwwlqj ehkdy0
lru iru wkh XV pdqxidfwxulqj lqgxvwulhv dw wkh 50gljlw ohyho/ zh �qg sodxvleoh
hvwlpdwhv ri wkh ghjuhh ri lqhuwld lq hdfk vhfwru1 Pruhryhu wkhvh uhvxowv vxj0
jhvw wkdw sulfh vhwwlqj lq gxudeoh jrrgv lqgxvwulhv lv pruh vwlfn| wkdq lq qrq0
gxudeoh jrrgv lqgxvwulhv1 Rxu hfrqrphwulf zrun dovr vxjjhvwv wkdw wkh pdmrulw|
ri �upv vhw sulfhv rswlpdoo|/ lq d iruzdug0orrnlqj pdqqhu/ udwkhu wkdq iroorz0
lqj edfnzdug0orrnlqj uxohv ri wkxpe1 Lw dovr dsshduv wr eh wkh fdvh wkdw �upv
zlwk pruh pdunhw0srzhu +dv phdvxuhg e| wkh pdun0xs, dgmxvw sulfhv ohvv iuh0
txhqwo| wkdq �upv lq pruh frpshwlwlyh lqgxvwulhv1 Wkh| duh dovr pruh olnho| wr
iroorz vlpsoh edfnzdug0orrnlqj uxohv ri wkxpe zkhq wkh| gr dgmxvw sulfh1 Dg0
glwlrqdoo|/ dv rqh zrxog h{shfw/ wkh yduldelolw| ri rxwsxw +lq dwlrq, lv srvlwlyho|
+qhjdwlyho|, fruuhodwhg zlwk rxu hvwlpdwh ri sulfh vwlfnlqhvv1 Ilqdoo|/ rxu uhvxowv
lpso| wkdw wkhuh duh vljql�fdqw dv|pphwulhv lq wkh ghjuhh ri sulfh0vwlfnlqhvv
dprqj lqgxvwuldo vhfwruv dv zhoo dv dv|pphwulhv lq wkh ghjuhh ri edfnzdug0
orrnlqj ehkdylru lq sulfh vhwwlqj/ zklfk dv srlqwhg rxw deryh pd| eh d fdxvh
iru frqfhuq iru srolf| pdnhuv lq wkh Ihg1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5 zh glvfxvv wkh
lpsruwdqfh ri pdwhuldov2lqwhuphgldwh jrrgv frvwv wr pdqxidfwxulqj �upv1 Lq
Vhfwlrq 6 zh ghulyh rxu vhfwrudo QNSFv lq wkh suhvhqfh ri lqwhuphgldwh2pdwhuldo
jrrg lqsxwv1 Lq Vhfwlrq 7 zh hvwlpdwh wkh prgho iru 4; 50gljlw XV pdqxidfwxulqj
lqgxvwulhv1 Vhfwlrq 8 frqwdlqv rxu frqfoxvlrqv1
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Wkh lpsruwdqfh ri pdwhuldo frvwv zlwklq XV pdqxidfwxulqj lqgxvwulhv lv kljk0
oljkwhg lq Wdeoh 4 zklfk jlyhv/ dorqj zlwk rwkhu ghvfulswlyh vwdwlvwlfv/ dyhu0
djh ydoxhv ehwzhhq 4<8; dqg 4<<9 iru wkh udwlr ri surgxfwlrq zrunhu zdjh
frvwv/ Z l

� Kl wr yduldeoh frvwv +gh�qhg dv zdjh frvwv soxv pdwhuldo frvwv/
Sp>l

�pl,1 Wkh wdeoh dovr ghwdlov wkh dyhudjh udwlr ri surgxfwlrq zrunhu zdjh
frvwv wr jurvv rxwsxw/ S l

� |l dqg wkh udwlr ri pdwhuldo frvwv wr jurvv rxwsxw1
Wkh �qdo froxpq fdofxodwhv wkh sulfh0frvw pdun0xs lpsolflw lq hdfk lqgxvwu| dv
Ydoxh Dgghg 0 Surgxfwlrq Zrunhu Sd|uroo

Ydoxh Dgghg.Frvw ri Pdwhuldov
/ iroorzlqj Grprzlw} hw do= +4<;;,1

'��	� ( � ���)��� * ����� 
 �� ��
�������
� �
�������4

VLF Frgh Z l
�Kl

Z l
�Kl.Sp>l

�pl
Z l

�Kl

S l
�|l

Sp>l
�pl

S l
�|l

Pdunxs

Djj1 Pdqxidfwxulqj 3149< 31448 319;5 3164<
53 313;8 31396 319:6 31598
54 313<3 313:4 31:4: 31567
55 31538 31488 318<; 31579
56 31594 314;8 3184< 31637
57 31554 3149; 318<3 31584
58 315:< 314;: 317;5 31666
59 314:; 31454 3188: 3164:
5: 31635 31487 31683 31833
5; 31449 31397 317;8 31783
5< 3135< 31358 31;64 31474
63 31568 31485 317<6 31688
64 3158< 314;3 31845 31639
65 31599 31496 31783 316;7
66 314:5 3145; 3194: 3157:
67 3157; 31498 317<< 31667
68 31575 31478 31795 316;;
6: 31493 31447 318<8 315;:
6< 3157: 31487 31798 316;9

AIurp wkh �uvw wkuhh froxpqv lq Wdeoh 4 lw lv fohdu wkdw pdwhuldo2lqwhuphgldwh
jrrgv frvwv duh d idu pruh vljql�fdqw sduw ri yduldeoh frvwv wkdq oderu frvwv iru
doo wkh 50gljlw pdqxidfwxulqj lqgxvwulhv frqvlghuhg lq wkh wdeoh1 Wklv vxjjhvwv
wkdw idlolqj wr wdnh dffrxqw ri wkh lpsdfw ri fkdqjhv lq pdwhuldov sulfhv rq
pdujlqdo frvwv pd| ohdg wr d vhulrxv plvvshfl�fdwlrq ri hvwlpdwhg sulfh0vhwwlqj
htxdwlrqv1 Wr looxvwudwh wkh srwhqwldo lpsruwdqfh ri wklv plvvshfl�fdwlrq zh
hvwlpdwh d uhgxfhg irup QNSF ri wkh iroorzlqj irup/

e�w @ �4Hwe�w.4 . �5gPFw . %w +4,
4Wkh gdwd xvhg lq wklv wdeoh duh ixoo| ghvfulehg lq Dsshqgl{ 41 Qrwh wkdw gdwd olplwdwlrqv

suhyhqw wkh xvh ri lqgxvwulhv 69 dqg 6; +vhh Dsshqgl{ 4 iru VLF gh�qlwlrqv dqg ixuwkhu ghwdlo
rq vrxufhv dqg phwkrgv,1
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xvlqj djjuhjdwh XV pdqxidfwxulqj1 Zh hvwlpdwh5 wklv xvlqj wkuhh dowhuqdwlyh
phdvxuhv ri pdujlqdo frvw= +4, wkh rxwsxw jds/ +5, wkh udwlr ri surgxfwlrq zrunhu
sd|uroo frvwv wr jurvv rxwsxw dqg +6, wkh udwlr ri oderu soxv pdwhuldo frvwv wr
jurvv rxwsxw1

Wkh uhvxowv ri wklv hvwlpdwlrq xvlqj wkh wudglwlrqdo rxwsxw jds phdvxuh ri
pdujlqdo frvwv duh jlyhq e|/

e�w @ 4=834
+7=648,

Hwe�w.4 � 3=438
+�4=6;4,

gPF4w . %4w= +5,

Khuh wkhuh lv wkh xvxdo sureohp wkdw wkh frh!flhqw rq wkh rxwsxw jds lv erwk
vwdwlvwlfdoo| lqvljql�fdqw dqg zurqjo|0vljqhg +vhh Jdoð hw do= +5334, iru d glv0
fxvvlrq lq wkh frqwh{w ri djjuhjdwh XV dqg Hxur0duhd gdwd,1 Wkh frh!flhqw rq
h{shfwhg lq dwlrq lv dovr lq h{fhvv ri rqh1 Li zh uhsodfh wkh rxwsxw jds phdvxuh
ri pdujlqdo frvwv zlwk wkh ghwuhqghg udwlr ri surgxfwlrq zrunhu sd|uroo frvw wr
jurvv rxwsxw6 / wkh hvwlpdwhv ehfrph/

e�w @ 4=36;;4
+44=597,

Hwe�w.4 � 3=438
+�5=<::,

gPF5w . %5w= +6,

Lq wklv fdvh/ wkh frh!flhqw rq wkh cpdujlqdo frvw* phdvxuh lv qrw rqo| zurqjo|0
vljqhg lw lv dovr vwdwlvwlfdoo| vljql�fdqw1 Lw dsshduv wkdw wkh xvxdo oderu vkduh
phdvxuh grhv qrw zrun lq wkh fdvh ri XV pdqxidfwxulqj lqgxvwulhv1 Ilqdoo|/
zh uxq wkh vdph uhjuhvvlrq exw uhsodfh rxu phdvxuh ri pdujlqdo frvwv zlwk wkh
udwlr ri surgxfwlrq zrunhuv* sd|uroo soxv lqwhuphgldwh lqsxwv uhodwlyh wr jurvv
rxwsxw7 1 Wkh hvwlpdwhv duh dv iroorzv/

e�w @ 3=<<;
+;=<;;,

Hwe�w.4 . 3=46;
+5=5;;,

gPF6w . %6w= +7,

Qrz wkh frh!flhqwv rq lq dwlrq dqg wkh pdujlqdo frvw phdvxuh duh ri wkh fru0
uhfw vljq dqg pdjqlwxgh/ dv zhoo dv ehlqj vwdwlvwlfdoo| vljql�fdqw1 Wklv vhfwlrq
wkhuhiruh vxjjhvwv qrw rqo| wkdw lqwhuphgldwh jrrgv duh d vljql�fdqw sduw ri
pdqxidfwxulqj �upv* yduldeoh frvwv/ exw wkdw idlolqj wr wdnh dffrxqw ri wklv idfw
lpsolhv wkdw hvwlpdwhv ri sulfh lqhuwld edvhg rq wkh QNSF pd| eh vljql�fdqwo|
eldvhg1

5Wkh uhgxfhg0irup QNSF lv hvwlpdwhg xvlqj Kdqvhq*v +4<;5, Jhqhudolvhg Phwkrg ri Pr0
phqwv +JPP,/ zlwk irxu odjv ri rxwsxw sulfh lq dwlrq/ frpprglw| sulfh lq dwlrq dqg d
frqvwdqw whup dv lqvwuxphqwv1 Doo gdwd kdyh ehhq txdgudwlfdoo| ghwuhqghg wr uh hfw wkh
qrq0olqhdu wuhqgv suhvhqw lq erwk wkh lqgxvwu| ohyho lq dwlrq dqg pdujlqdo frvw gdwd1 Wkh
hvwlpdwhg vwdqgdug huuruv/ uhsruwhg lq eudfnhwv/ duh urexvw wr erwk vhuldo fruuhodwhg dqg khw0
hurvfhgdvwlf huuruv1 Zkhq fdofxodwlqj wkh M�� fryduldqfh pdwul{ ri vdpsoh prphqwv zh xvh
d ydoxh ri irxu iru wkh odj wuxqfdwlrq sdudphwhu1 Wkh uhvxowv uhsruwhg deryh duh dovr urexvw
wr dowhuqdwlyh ydoxhv ri wklv sdudphwhu udqjlqj iurp 5 wr 451

6Wklv lv voljkwo| gl�huhqw iurp wkh oderxu vkduh yduldeoh xvhg lq djjuhjdwh vwxglhv lq wzr

zd|v1 Iluvwo| lw lv edvhg rqo| rq surgxfwlrq zrunhuv dqg vhfrqgo|/ wkhvh duh phdvxuhg uhodwlyh

wr jurvv rxwsxw/ udwkhu wkdq d ydoxh0dgghg gh�qlwlrq ri rxwsxw1 Wkh wkhru| ghulyhg lq Vhfwlrq

6 ehorz/ zloo vkrz wklv wr eh wkh dssursuldwh phdvxuh1
7Wklv phdvxuh lv lqwhqghg wr eh d sur{| iru pdujlqdo frvwv zkhq pdwhuldo frvwv duh lpsru0

wdqw1 Vhfwlrq 6 zloo/ krzhyhu/ ghyhors d pruh wkhruhwlfdoo| frkhuhqw phdvxuh zklfk zloo eh

hpsor|hg lq wkh vwuxfwxudo hvwlpdwlrq ri Vhfwlrq 71
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Lq wklv vhfwlrq zh dqdo|}h d prgho ri �upv* sulfh vhwwlqj ehkdylru zklfk wdnhv
dffrxqw ri wkh vhfwrudo frpsrvlwlrq ri wkh grphvwlf hfrqrp| dqg doorzv d vlj0
ql�fdqw uroh iru pdwhuldo2lqwhuphgldwh jrrgv frvwv lq wkh ghwhuplqdwlrq ri �upv*
pdujlqdo frvwv1 Wr gr vr zh dvvxph wkdw lpshuihfwo| frpshwlwlyh �upv vhoo wkhlu
jrrgv wr ex|huv zklfk sxufkdvh jrrgv iurp doo vhfwruv lq wkh hfrqrp|1 Wklv lp0
solhv wkdw wkh �upv wdnh lqwr dffrxqw wkh sulfh wkh| vhw uhodwlyh wr wkh sulfhv vhw
e| rwkhu �upv/ erwk lq wkhlu rzq lqgxvwu| dqg dfurvv wkh hfrqrp| dv d zkroh1
Zh ixuwkhu dvvxph wkdw �upv idfh wkh frqvwudlqwv lq sulfh0vhwwlqj lpsolhg e| wkh
xvh ri Fdoyr +4<;6, frqwudfwv/ lq wkdw wkh| fdq rqo| fkdqjh wkhlu sulfhv diwhu d
udqgrp lqwhuydo ri wlph1 Zlwklq wklv frqvwudlqw/ zh dovr doorz �upv wr dgrsw
wzr irupv ri sulfh0vhwwlqj ehkdylru1 Vrph �upv vhw sulfhv e| pd{lpl}lqj wkh
h{shfwhg glvfrxqwhg ydoxh ri ixwxuh sur�wv/ zkloh wkh uhpdlqlqj �upv fkrrvh wr
iroorz d vlpsoh uxoh ri wkxpe zklfk xsgdwhv wkhlu sulfhv lq olqh zlwk lq dwlrq
dqg wkh sulfh fkdqjhv wkh| revhuyhg lq wkh suhylrxv shulrg1
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Zh �uvw wxuq wr frqvlghu wkh ghpdqg iru wkh �up*v surgxfw1 Wkhuh duh Q vhfwruv
lq wkh hfrqrp|1 Zh doorz iru wkh srvvlelolw| wkdw jrrgv surgxfhg lq rqh vhfwru
duh qrw lghqwlfdo lq wkh lpsdfw wkh| kdyh rq xwlolw|1 Vshfl�fdoo|/ zh dvvxph wkdw
frqvxphuv pd{lpl}h wkh xwlolw| jhqhudwhg e| frqvxpswlrq ri FHV exqgohv ri
jrrgv surgxfhg e| hdfk vhfwru/
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= +8,

zkhuh/ f+l,mw lv d FHV lqgh{ ri frqvxphu jrrgv surgxfhg lq vhfwru l frqvxphg e|
frqvxphu m1 Zh gr qrw vshfli| wkh h{dfw zd| lq zklfk wkhvh exqgohv surgxfhg
e| gl�huhqw vhfwruv hqwhu xwlolw|1 Krzhyhu/ lw vkrxog eh eruqh lq plqg wkdw
wkhuh lv dq lpsolflw prgho ri xwlolw| pd{lpl}dwlrq zklfk doorfdwhv dq lqglylgxdo*v
frqvxpswlrq vshqglqj dfurvv wlph1 Wklv fdq eh wkh xvxdo frqvxpswlrq Hxohu
htxdwlrq ru fdq lqfoxgh pruh frpsoh{ g|qdplfv/ vxfk dv wkrvh dulvlqj iurp
kdelwv h�hfwv dv lq Ohlwk dqg Pdooh| +5335, ru wkh srvvlelolw| wkdw vrph jrrgv
duh gxudeoh/ dv lq Hufhj dqg Ohylq +5335,1 Krzhyhu/ lq dqdo|}lqj �upv* sulflqj
ghflvlrqv zh rqo| uhtxluh nqrzohgjh ri krz frqvxphuv/ wkh jryhuqphqw dqg
rwkhu �upv doorfdwh wkhlu vshqglqj dfurvv �upv zlwklq d jlyhq vhfwru/ qrw krz
wkh vshqglqj lv doorfdwhg dfurvv wlph1 Wkh sulfh lqgh{ dvvrfldwhg zlwk wkh jrrgv
surgxfhg lq vhfwru l lv gh�qhg dv/
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zkhuh sw+l> }, lv wkh sulfh vhw e| �up } lq vhfwru l dw wlph w1
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Zh dovr dvvxph wkdw �upv ghpdqg jrrgv iru xvh lq surgxfwlrq dqg p
l>}
w lv

d FHV djjuhjdwh ri wkh lqwhuphgldwh jrrgv surgxfhg e| rwkhu �upv dqg xvhg
lq �up } ri vhfwru l*v surgxfwlrq ixqfwlrq/
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Qrwh wkdw wkh sdudphwhul}dwlrq ri wkh FHV djjuhjdwh lv vhfwru vshfl�f1 Dffrug0
lqjo| zh fdq dovr gh�qh d sulfh lqgh{ dvvrfldwhg zlwk wkh xvh ri lqwhuphgldwh
jrrgv lq surgxfwlrq lq vhfwru l/
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Wkh ghpdqg iru jrrgv surgxfhg lq vhfwru l iru xvh lq surgxfwlrq lv jlyhq e|/
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zkhuh zh vxp dfurvv hdfk vhfwru*v ghpdqg iru lqwhuphgldwh jrrgv surgxfhg lq
vhfwru l1 Dffruglqjo|/ wkh ghpdqg iru �up }*v surgxfw zlwklq vhfwru l lv jlyhq
e|/

|+l> },w @

�
sw+l> },

S l
w

�
��l

+f+l,w . j+l,w .p+l,w, +43,

zkhuh p+l,w lv wkh ghpdqg iru wkh edvnhw ri surgxfwv surgxfhg lq vhfwru l iru
xvh dv dq lqwhuphgldwh jrrg lq wkh surgxfwlrq ri doo �upv lq wkh hfrqrp|1 Wklv
ghpdqg lv rewdlqhg iurp lqwhjudwlqj dfurvv wkh ghpdqgv ri lqglylgxdo �upv/

gh�qhg dvp+l,mw @
kU 4
3
+p+l> },mw ,

�l�4
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�l�4

lq wkh fdvh ri �up m/ zkhuhp+l> },mw
lv wkdw sduw ri wkdw sduw ri �up m*v ghpdqg doorfdwhg wr �up } zlwklq vhfwru l1
Qrwh wkdw zh gr qrw lpsrvh wkh vdph ghjuhh ri vxevwlwxwdelolw| ehwzhhq vhfwrudo
rxwsxw zkhq xvhg iru frqvxpswlrq udwkhu wkdq surgxfwlrq1 Dffruglqjo| wkh
djjuhjdwh frqvxphu sulfh ohyho pd| gl�hu iurp wkh lqgh{ ri lqwhuphgldwh jrrgv
sulfhv1 Wkh ghpdqg iru wkh �up*v surgxfw ghshqgv xsrq lwv sulfh uhodwlyh wr wkh
sulfhv ri rwkhu surgxfhuv lq lwv vhfwru/ dv zhoo dv wkh dprxqw ri sxeolf dqg sulydwh
frqvxpswlrq dqg lqwhuphgldwh jrrgv ghpdqg doorfdwhg wr hdfk vhfwruv* jrrgv
zkhuh wkhvh sursruwlrqv ghshqg rq wkh uhodwlyh sulfhv ehwzhhq vhfwruv dqg wkh
vshfl�fdwlrq ri wkh frqvxphuv* xwlolw| ixqfwlrq dqg wkh jryhuqphqwv* remhfwlyh
ixqfwlrq1 Wkhuhiruh/ zh duh doorzlqj iru vxevwlwxwlrq lq ghpdqg ehwzhhq lqwud0
dqg lqwhu0vhfwrudo jrrgv/ lq ghvfulelqj wkh ghpdqg iru vhfwru l*v uhsuhvhqwdwlyh
�up*v surgxfw1
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Zh qrz wxuq wr frqvlghu wkh irup ri wkh �up*v surgxfwlrq ixqfwlrq1 Zh dvvxph
wkdw �upv frpelqh fdslwdo/ lqwhuphgldwh jrrgv dqg oderu lq surgxflqj wkhlu
rxwsxw/
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zkhuh K+l> },w lv wkh txdqwlw| ri oderu ri zrunhuv ri w|sh l xvhg lq surgxfwlrq
e| �up } dqg p
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w lv d FHV djjuhjdwh ri wkh lqwhuphgldwh jrrgv surgxfhg e|

rwkhu �upv dqg xvhg lq �up } ri vhfwru l*v surgxfwlrq ixqfwlrq/
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Zh prgho doo wkhvh lqsxwv dv lpshuihfw vxevwlwxwhv dqg �l phdvxuhv wkh hodvwlflw|
ri vxevwlwxwlrq ehwzhhq wkhp1 Ilupv dovr srvvhvv d vwrfn ri fdslwdo/ Nl/ zklfk
lv dvvxphg/ iru vlpsolflw|/ wr eh �{hg dqg 4� 4

#l
ghvfulehv wkh zhljkw jlyhq wr

fdslwdo lq surgxfwlrq1
Khuh wkh �uvw0rughu frqglwlrqv iru frvw plqlpl}dwlrq wrjhwkhu uhyhdo wkh frvw0

plqlpl}lqj frpelqdwlrq ri oderu dqg lqwhuphgldwh jrrgv xvhg lq surgxfwlrq/�
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Wklv fdq wkhq eh vxevwlwxwhg edfn lqwr wkh surgxfwlrq ixqfwlrq wr rewdlq/
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Zh fdq qh{w frqvlghu wkh gh�qlwlrq ri uhdo pdujlqdo frvw iru �up } lq vhfwru
l/
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dqg diwhu vxevwlwxwlqj iru CK+l>},w
C|+l>},w

dqg
Cp
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+iurp htxdwlrqv 47 dqg 48, zh fdq

ghfrpsrvh pdujlqdo frvw lqwr wzr hohphqwv 0 rqh zklfk lv lqghshqghqw ri wkh
�up*v dfwlrqv dqg wkh rwkhu zklfk ghshqgv xsrq wkh srvlwlrq wkh| duh rshudwlqj
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rq wkhlu surgxfwlrq ixqfwlrq/ vxfk wkdw pdujlqdo frvw htxdov/
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Wkh �uvw pxowlsolfdwlyh whup fdswxuhv wkh lqfuhdvh lq �up vshfl�f pdujlqdo frvwv
wkurxjk lqfuhdvlqj surgxfwlrq jlyhq wkh �{hg vwrfn ri fdslwdo8 dqg ghfuhdvlqj
pdujlqdo uhwxuqv wr wkh uhpdlqlqj idfwruv1 Wkh vhfrqg hohphqw uh hfwv wkh oderu
frvwv wkdw hqwhu lqwr wkh frvwv ri surgxfwlrq dqg duh frqvwdqw dfurvv �upv lq

wkh vhfwru1 Zh odeho wklv vhfrqg whup/ jPF
l

w=

��� ����� ���

 
�� ��
	� ����
��

Zh fdq qrz vwduw wr frqvlghu wkh sureohp idflqj d �up zklfk fkrrvhv wr vhw lwv
sulfh lq rughu wr pd{lpl}h sur�wv1 Wkh uhdo yduldeoh sur�wv9 +gh dwhg e| wkh
jhqhudo sulfh lqgh{/ vlqfh wkh �upv duh dvvxphg wr eh rzqhg e| frqvxphuv zkr
doo idfh wkh vdph irup ri frqvxpswlrq exqgoh, lq shulrg w ri wkh �up surgxflqj
jrrg } lq vhfwru l duh jlyhq e|
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Zh dovr doorz iru wkh srvvlelolw| wkdw oderu pdunhwv duh vhfwru vshfl�f/ vxfk wkdw
Z l

w lv wkh zdjh udwh dssolfdeoh wr vhfwru l/ dowkrxjk wkhuh pd| eh vljql�fdqw
oderu  rzv ehwzhhq vhfwruv dfwlqj wr htxdwh zdjh udwh/ fhwhulv sdulexv1 Vxfk
�upv duh deoh wr fkdqjh wkhlu sulfh zlwk suredelolw| �l lq d jlyhq shulrg/ vr
wkdw 4

4��l

phdvxuhv wkh ohqjwk ri wlph d sulfh frqwudfw lv h{shfwhg wr h{lvw1
Wklv doorzv xv wr zulwh wkh sureohp idflqj d �up zklfk lv deoh wr fkdqjh sulfhv

8Dq dowhuqdwlyh prghoolqj vwudwhj| zrxog eh wr doorz fdslwdo wr eh uhdoorfdwhg dfurvv �upv
vr dv wr htxdwh wkh vkdgrz ydoxh ri fdslwdo/ lpso|lqj wkdw hdfk �up*v pdujlqdo frvw lv lghqwlfdo
wr wkh hfrqrp|0zlgh dyhudjh frvw +vhh Verugrqh +5335, iru d glvfxvvlrq,1 Krzhyhu/ wkh srv0
vlelolw| wkdw �upv fdq uhdoorfdwh fdslwdo zlwkrxw iulfwlrq/ exw fdqqrw uhvhw sulfhv frqwlqxrxvo|
vhhpv lpsodxvleoh1

9Zh ljqruh wkh �{hg frvwv ri xwlolvlqj wkh fdslwdo vwrfn lq irupxodwlqj wkh �up*v sureohp
dqg zh dvvxph wkdw doo vkrfnv duh vx!flhqwo| vpdoo wkdw �upv frqwlqxh wr hduq srvlwlyh sur�wv
dw doo srlqwv lq wlph1 Dffruglqjo|/ wkh gh�qlwlrq ri oderxu zh duh frqvlghulqj khuh lv surgxfwlrq
zrunhuv1 Iru vlpsolflw| zh dvvxph wkdw rwkhu zrunhuv sd|uroo frvwv frqwulexwh wr ryhukhdgv
zklfk fdq eh wkrxjkw ri dv dq hohphqw ri �{hg frvwv1
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Khuh sur�wv duh glvfrxqwhg dw wkh jurvv uhdo udwh ri lqwhuhvw/ uw1 Gxh wr wkh delolw|
ri frqvxphuv wr krog glyhuvl�hg sruwirolrv dqg wkhuhe| srro wkh ulvnv dvvrfldwhg
zlwk vwdjjhuhg sulfh vhwwlqj +wkh rqo| vrxufh ri ulvn irupdoo| prghoohg, wklv
glvfrxqw idfwru zloo eh wkh vdph dfurvv �upv1 Wkh �uvw rughu frqglwlrq iru wklv
rswlpl}dwlrq lv jlyhq e|/
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+53,
Wkh �uvw0rughu frqglwlrq iru wkh rswlpdo sulfh fdq eh orj0olqhdulvhg wr |lhog/
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zkhuh |w @ flw.jlw.pl
w lv wkh dyhudjh �up*v jurvv rxwsxw vxsso|lqj/ sulydwh dqg

sxeolf ghpdqg1 Wklv lq�qlwh iruzdug vxppdwlrq/ fdq dovr eh txdvl0gl�huhqfhg
wr jlyh d �uvw rughu gl�huhqfh htxdwlrq ghvfulelqj wkh hyroxwlrq ri wkh rswlpdo
sulfh vhw e| sur�w0pd{lpl}lqj �upv/
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Wkh �upv zklfk gr qrw shuirup wklv rswlpl}dwlrq/ lqvwhdg iroorz d uxoh ri
wkxpe zkhuhe| wkh| vhw d sulfh htxdo wr wkh dyhudjh sulfh vhw rq wkh suhylrxv
shulrg diwhu vfdolqj wklv xs e| wkh udwh ri lq dwlrq revhuyhg lq wkh suhylrxv
shulrg1 Wkhuhiruh/ wkh orj0olqhdulvhg lqgh{ ri rxwsxw sulfhv lq vhfwru l lv jlyhq
e|/ eS l

w @ �l eS l
w�4 . +4� �l,esl>uw +56,
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zkhuh sl>uw lv wkh dyhudjh uhvhw sulfh lq vhfwru l lq shulrg w dqg lv jlyhq e|/

esl>uw @ +4� $l,e{lw . $lesl>ew +57,

$l lv wkh sursruwlrq ri �upv iroorzlqj wkh uxoh ri wkxpe/ dqg s
l>e
w lv wkh sulfh

vhw vhw dffruglqj wr wkh uxoh ri wkxpe/
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Vxevwlwxwlqj htxdwlrq +58, lqwr +57, jlyhv/
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Lqvhuwlqj htxdwlrq +56, lqwr wklv h{suhvvlrq wkhq |lhogv/
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Wklv fdq eh uhduudqjhg lq whupv ri e{lw/ vxevwlwxwhg lqwr htxdwlrq +58, dqg vroyhg
xvlqj wkh gh�qlwlrq ri rxwsxw sulfh lq dwlrq lq vhfwru l/ e�lw @ eS l
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wkh sulfh ri oderu/ fZ l
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eSw dqg wkh sulfh ri pdwhuldov2lqwhuphgldwh jrrgv iru xvh

lq surgxfwlrq/ eSp>l
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eSw dv zhoo dv wkh h{whqw ri glplqlvklqj pdujlqdo uhwxuqv
wr wkhvh wzr lqsxwv zkhq fdslwdo lv �{hg lq wkh vkruw�uxq/ zklfk lv fdswxuhg e|
+#l � 4,e|lw1

Dsshqgl{ 5 wkhq ghwdlov wkh wudqvirupdwlrq ri wklv vshfl�fdwlrq lqwr d irup
zklfk lv dssursuldwh iru hvwlpdwlrq/
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w �e|lw lv wkh ghyldwlrq ri wkh udwlr ri oderu frvwv wr jurvv
rxwsxw/ ezl>p

w @ fZ l
w �

eS l>p
w lv wkh zdjh udwh gh dwhg e| wkh sulfh ri pdwhuldov

lq lqgxvwu| l> eSp>l
w �

eS l
w duh wkh sulfh ri pdwhuldov gh dwhg e| wkh rxwsxw sulfh

ri lqgxvwu| l dqg e|lw lv jurvv rxwsxw1 Zh uhvshfli| wkh Skloolsv fxuyh lq wklv
zd|/ wr pdnh lw frpsdudeoh wr h{lvwlqj vwxglhv zklfk irfxv rq wkh oderu vkduh
yduldeoh/ evlw dqg wr doorz hvwlpdwlrq ri wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq
lqwhuphgldwh jrrgv dqg oderu lq surgxfwlrq/ �l1 Li qr lqwhuphgldwh jrrgv duh
xvhg lq surgxfwlrq wkhq wklv uhgxfhv wr wkh Skloolsv fxuyh hpsor|hg lq/ iru
h{dpsoh/ Jdoð hw do1 +5334, dqg Ohlwk dqg Pdooh| +5335/ 5336,1 Krzhyhu/ dv zh
vdz lq Wdeoh 4/ dw wkh vhfwrudo ohyho/ pdwhuldo lqsxwv duh d pdmru vrxufh ri frvwv
zklfk vkrxog eh dffrxqwhg iru lq wkh �up*v sulflqj ghflvlrq1
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Lq wklv Vhfwlrq zh mrlqwo| hvwlpdwh wkh sdudphwhuv ri wkh prgho ghulyhg lq Vhfwlrq
5 iru 4; 50gljlw pdqxidfwxulqj lqgxvwulhv ryhu wkh shulrg 4<8;+5, wr 4<<9+6,: 1
Wklv lpsolhv wkh hvwlpdwlrq ri 43< sdudphwhuv +l1h1 8{4;.4 cghhs* sdudphwhuv
dqg 4{4; vwhdg|0vwdwh udwlrv, zlwk rqo| 483 revhuydwlrqv1 Wr uhgxfh wklv sureohp
wr pruh pdqdjhdeoh glphqvlrqv zh �uvw fdoleudwh �l/ #l dqg wkh vwhdg|0vwdwh

udwlr ri surgxfwlrq zrunhu sd|uroo wr yduldeoh frvwv/ Z l
�Kl

Z l
�Kl.Sp>l

�pl +vhh Wdeoh

4, vlqfh wkhvh duh uhdglo| lghqwl�deoh iurp wkh gdwd; 1Wklv lv dovr wkh jhqhudo
dssurdfk dgrswhg lq pxfk ri wkh olwhudwxuh hvwlpdwlqj Skloolsv fxuyhv xvlqj
djjuhjdwh gdwd +vhh/ iru h{dpsoh/ Jdoð hw do= +5334,, zkhuh #l lv w|slfdoo| lqihuuhg
iurp oderu0vkduh gdwd dqg wkh pdun0xs lv edvhg xsrq vxuyh| hylghqfh dqg2ru
flwhg hpslulfdo vwxglhv1

Xqghu lpshuihfw frpshwlwlrq wkh deryh sdudphwhuv duh fdoleudwhg dv iroorzv

:Qrwh wkdw doo ri wkh gdwd hpsor|hg lq wkh hvwlpdwlrq ri rxu QNSFv duh vhdvrqdoo| dgmxvwhg

dqg wkdw lqgxvwulhv 69 dqg 6; kdg wr eh gursshg gxh wr lqvx!flhqw revhuydwlrqv iru` 1 Ixuwkhu

ghwdlo rq gdwd dydlodelolw| duh uhsruwhg lq Dsshqgl{ 41
;Qrwh wkdw zh xvh wkh phdq ydoxh ri wkhvh sdudphwhuv dqg wkh vwhdg|0vwdwh udwlr ryhu

wkh hvwlpdwlrq shulrg1 Ixuwkhu qrwh wkdw doo ri wkh hvwlpdwlrqv uhsruwhg ehorz duh urexvw wr

dowhuqdwlyh ydoxhv ri wkhvh sdudphwhuv/ h1j1 phgldq ydoxhv/ hqg ri vdpsoh ydoxhv dqg ydulrxv

zhljkwhg dyhudjhv1 Wkhvh uhvxowv duh qrw uhsruwhg khuh wr suhvhuyh vsdfh exw zloo eh pdgh

dydlodeoh rq uhtxhvw1
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lv wkh oderu dqg lqwhuphgldwh jrrgv vkduh +fdq dovr eh lp0

solhg iurp Wdeoh 4,1
Pruhryhu/ frqglwlrqlqj rq wkhvh uhodwlyho| zhoo nqrzq sdudphwhuv doorzv xv

wr frqfhqwudwh rq wkh hvwlpdwlqj wkh uhpdlqlqj 88 sdudphwhuv1 Wkhvh sdudph0
whuv lqfoxgh �upv* vwhdg|0vwdwh glvfrxqw idfwru/ �/ wkh suredelolw| wkdw d �up lq
vhfwru l fdq uhvhw wkhlu sulfh lq shulrg w/ �l/ wkh sursruwlrq ri �upv iroorzlqj
uxoh ri wkxpe sulflqj ehkdylru lq wlph w/ $l dqg wkh sdudphwhu phdvxulqj wkh
hodvwlflw| ri vxevwlwxwlrq ehwzhhq oderu dqg lpsruwhg lqwhuphgldwh jrrgv/ �l iru
hdfk lqgxvwu|1 Zh frpsduh wkh hvwlpdwhv dfurvv vhfwruv dqg wklv doorzv xv wr
gudz d qxpehu ri frqfoxvlrqv ri gluhfw uhohydqfh wr srolf| pdnhuv1
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Jlyhq wkdw rxu prgho lqfrusrudwhv iruzdug orrnlqj udwlrqdo h{shfwdwlrqv +UH,/
zh hpsor| Kdqvhq*v +4<;5, jhqhudol}hg phwkrg ri prphqwv +JPP, hvwlpdwru
zklfk hdvlo| kdqgohv wkh vhw ri ruwkrjrqdolw| frqglwlrqv vxjjhvwhg e| wkh UH
k|srwkhvlv< 1 Wr looxvwudwh krz zh dsso| JPP wr rewdlq sdudphwhu hvwlpdwhv
dqg vshfl�fdwlrq frqvlvwhqw vwdqgdug huuruv/ frqvlghu wkh iroorzlqj v|vwhp ri
qrqolqhdu htxdwlrqv jlyhq e| wkh 4; vhfwrudo QNSFv fkdudfwhul}hg e| +63,/

|w @ i+�>{w, . xw +66,

zkhuh |w lv d +4;{4, yhfwru ri ghshqghqw yduldeohv/
ke�53w > e�54w > ===e�6<w

l
3

rughuhg e|

VLF0frgh> � lv wkh +88{4, yhfwru ri xqnqrzq sdudphwhuv/ ^�53+@ �53> $53> �> �53,
>111�6<+@ �6<> $6<> �> �6<,`

3> {w lv wkh +:5{4, yhfwru ri h{sodqdwru| yduldeohv/

^{53w+@ e�53w.4> e�53w�4> +ev53w > e|53w > eSp>53
w �

eS 53
w ,> ez53>p

w ,> {54w> ===> {6<w,`
343 >dqg xw lv

wkh +4;{4, yhfwru ri huuruv ^x53w > ===x6<w `31
Wkh u ruwkrjrqdolw| frqglwlrqv iru rxu prgho fdq eh zulwwhq dv iroorzv

<Dowkrxjk vhyhudo uhfhqw sdshuv txhvwlrq wkh urxexvwqhvv ri JPP lq wklv frqwh{w +vhh
Uxgg dqg Zkhodq +5335, dqg Olqgì +5336,,/ wkh sdshu e| Jdoð e| @,�/ 5336 frqylqflqjo|
uhixwhv wkhvh fodlpv1

43Qrwh wkdw fdoleudwlqj w�/ ��/ dqg ` l
WMl

` l
WMln�p>l

W6l / xvlqj wkh gdwd/ vhuyhv wr frpelqh

vhyhudo hohphqwv ri pdujlqdo frvw yld d olqhdu frpelqdwlrq ri er�|c e+
�
|c

e�
6c�
| 3

e� �| zklfk h{sodlqv
zk| doo 6 slhfhv ri gdwd duh wuhdwhg dv rqh yduldeoh +lq eudfnhwv,1
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d +8{4, yhfwru ri lqvwuxphqwv ^e�w�4>evw�4> e|w�4> e�
f
w�4> frqvwdqw whup`3> e�> ev> e|

uhihu wr djjuhjdwh pdqxidfwxulqj ghwuhqghg lq dwlrq/ oderu*v vkduh dqg rxw0
sxw uhvshfwlyho| dqg e�f/ wr frpprglw| sulfh lq dwlrq1 Ilqdoo| zh dvvxph wkdw
Hw+}w>xw, @ 31 Ixuwkhu qrwh wkdw doo kdwwhg yduldeohv duh fdofxodwhg dv ghyld0
wlrqv dzd| iurp d txdgudwlf wuhqg44 1

Jlyhq wkh deryh vhwxs zh rewdlq wkh JPP hvwlpdwh ri wkh xqnqrzq sdud0
phwhu yhfwru � dv wkh ydoxh wkdw plqlpl}hv

T @ +�>\W , @

%
+4@W ,

W[
w@4

k+�>zw,

&3 eV�4

W

%
+4@W ,

W[
w@4

k+�>zw,

&
+68,

zkhuh eV�4W lv dq hvwlpdwh ri wkh lqyhuvh ri wkh fryduldqfh pdwul{ ri vdpsoh
prphqwv1 Wr rewdlq vwdqgdug huuruv zklfk duh urexvw wr khwhurvfhgdvwlflw| dqg
dxwrfruuhodwlrq ri xqnqrzq irup/ zh fdofxodwh eV xvlqj wkh Qhzh| dqg Zhvw
+4<;:, hvwlpdwru/

eVW @ e�3>W .

t[
y@4

i4� ^y@+t . 4,`j+e�y>W . e�3y>W , +69,

zkhuh e�y>W @ .+4@W ,
W[

w@y.4

^k+e�>zw,`^k+e�>zw�y,`
3 +6:,

dqg t lv wkh odj wuxqfdwlrq sdudphwhu45 1 Ilqdoo| wr whvw wkh ydolglw| ri rxu ryhul0
ghqwli|lqj uhvwulfwlrqv zh fdofxodwh Kdqvhq*v M � vwdwlvwlf zklfk lv glvwulexwhg
"5+u � d, zkhuh u dqg d ghqrwh wkh qxpehu ri ruwkrjrqdolw| frqglwlrqv dqg
sdudphwhuv uhvshfwlyho|1 Iru rxu hvwlpdwlrq d @ 88 dqg u @ 4;+7 . 4, @ <3/ l1h1
4; htxdwlrqv/ 7 lqvwuxphqwv soxv d frqvwdqw/ wkhuhiruh M�"5+68,=
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Wkh uhvxowv ri hvwlpdwlqj wkh v|vwhp ri 4; 50gljlw lqgxvwulhv duh ghwdlohg lq Wd0
eoh 51 Ghvfulswlrqv ri wkh lqgxvwulhv fruuhvsrqglqj wr wkh VLF frghv fdq eh

44Wklv uh hfwv wkh qrq0olqhdu wuhqgv suhvhqw lq erwk wkh lqgxvwu| ohyho lq dwlrq dqg pdujlqdo
frvw gdwd1

45 Lq wkh hvwlpdwlrqv uhsruwhg lq Wdeoh 5/ wkh ydoxh ri ^ lv htxdo wr 71 Qrwh wkdw zh xvh wkh
Eduwohww vshfwudo ghqvlw| nhuqdo wr lqvxuh wkh srvlwlyh gh�qlwhqhvv ri wkh fryduldqfh pdwul{ ri
wkh ruwkrjrqdolw| frqglwlrqv +vhh Qhzh| dqg Zhvw/ 4<;:,1 Ixuwkhu qrwh wkdw wkhvh uhvxowv duh
h{wuhpho| urexvw wr dowhuqdwlyh ydoxhv ri ^/ h1j1 zh h{dplqhg ydoxhv udqjlqj iurp 5 wr 451 Wr
suhvhuyh vsdfh/ wkhvh uhvxowv duh qrw uhsruwhg exw zloo eh pdgh dydlodeoh rq uhtxhvw1
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irxqg lq Dsshqgl{ 41 Wkhuh duh vhyhudo wklqjv wr qrwh derxw wkhvh uhvxowv1
Iluvwo|/ zlwk wkh h{fhswlrq ri lqgxvwulhv 53 dqg 5< +Irrg dqg Shwurohxp Uh�q0
lqj/ uhvshfwlyho|, doo hvwlpdwhv ri wkh ghjuhh ri sulfh0vwlfnlqhvv duh vwdwlvwlfdoo|
vljql�fdqw dqg sodxvleoh1 Ri wkh uhpdlqlqj lqgxvwulhv/ wkh prvw  h{leoh lqgxv0
wu| lv 57 +Oxpehu dqg Zrrg Surgxfwv +h{f1 Ixuqlwxuh, dqg wkh ohdvw/  h{leoh
6: +Wudqvsruwdwlrq Htxlsphqw,1 Lq prvw lqgxvwulhv wkhuh lv dovr d vljql�fdqw
ghjuhh ri edfnzdug0orrnlqj ehkdylru/ dowkrxjk wkh pdmrulw| ri sulfhv duh vhw lq
d sur�w0pd{lpl}lqj pdqqhu46 1

Zlwk wkh h{fhswlrq ri lqgxvwu| 54 0 Wredffr Surgxfwv/ zklfk kdv dq hvwl0
pdwhg hodvwlflw| ri vxevwlwxwlrq ehwzhhq oderu dqg lqwhuphgldwh jrrgv ri 81<<
zlwk dq dvvrfldwhg w � vwdw= ri 6139/ wkh ghjuhh ri vxevwlwxwdelolw| ehwzhhq od0
eru dqg lqwhuphgldwh jrrgv lv qrw vljql�fdqwo| gl�huhqw iurp }hur1 D olnho|
h{sodqdwlrq ri wklv uhvxow lv wkdw/ dw wkh txduwhuo| iuhtxhqf|/ wkhuh lv olwwoh vfrsh
iru phdqlqjixo vxevwlwxwlrq ehwzhhq oderu dqg lqwhuphgldwh jrrgv vxfk wkdw d
Ohrqwlhi surgxfwlrq ixqfwlrq lv wkh prvw dffxudwh ghvfulswlrq ri wkh vkruw0uxq
surgxfwlrq whfkqrorj|1 Krzhyhu/ lw lv lpsruwdqw wr qrwh wkdw hyhq li �

l
@ 3

lq d sduwlfxodu lqgxvwu| wklv grhv qrw uhpryh lqwhuphgldwh jrrgv iurp wkh gh0
�qlwlrq ri pdujlqdo frvwv 0 lq idfw/ lw vlpso| phdqv wkdw wkhuh lv olplwhg vfrsh
iru vxevwlwxwlrq ehwzhhq wkh wzr lqsxwv ehlqj xvhg wr prghudwh wkh lpsdfw ri
 xfwxdwlrqv lq oderu dqg lqwhuphgldwh jrrgv frvwv rq pdujlqdo frvwv1

Wkh �qdo sdudphwhu hvwlpdwhg zlwklq wkh v|vwhp lv wkh glvfrxqw idfwru zklfk
lv frpprq dfurvv �upv1 Wklv kdv d srlqw hvwlpdwh ri 31<6 zlwk dq dvvrfldwhg
w� vwdw= ri 55151 Wkhvh duh lq olqh zlwk wkh hvwlpdwhv lq Jdoð dqg Jhuwohu +5334,
xvlqj djjuhjdwh XV gdwd1 Zkloh wklv hvwlpdwh lpsolhv d glvfrxqw idfwru zklfk lv
kljkhu wkdq wkdw w|slfdoo| dvvxphg lq vshfli|lqj frqvxphu suhihuhqfhv/ lw pd|
vlpso| uh hfw xqglyhuvl�deoh ulvn +qrw irupdoo| prghoohg lq wkh fxuuhqw sdshu,
frpprq wr XV pdqxidfwxulqj �upv1

46Ixuwkhu uhodwlrqvklsv ehwzhhq wkh hvwlpdwhg sdudphwhuv dqg rwkhu vw|olvhg ghvfulswlrqv ri
hdfk lqgxvwu| duh glvfxvvhg ehorz1
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Wkh M � whvw lv 63178 zlwk d s� ydoxh ri 319;:1 Qrwh wkdw dssolfdwlrq ri d vhulhv

ri xqlw urrw whvwv +h1j1 Glfnh|0Ixoohu/ zhljkwhg v|phwulf dqg Sklools0Shuurq, lqglfdwhg

wkdw wkh huuruv iru hdfk lqgxvwu| zhuh vwdwlrqdu|1 Wklv �qglqj zdv qrw rqo| urexvw

dfurvv wkh ydulrxv whvwv hpsor|hg exw dovr dfurvv odj ohqjwkv fkrvhq wr frqgxfw wkh

whvw +h1j1 5 wr 45,1 Wkhvh uhvxowv duh qrw uhsruwhg khuh wr suhvhuyh vsdfh exw zloo eh

pdgh dydlodeoh rq uhtxhvw1
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Zh fdq dovr dvvhvv wkh h{whqw wr zklfk wkhvh uhvxowv duh vwdwlvwlfdoo| vlj0
ql�fdqwo| gl�huhqw dfurvv lqgxvwulhv1 Wr gr vr/ zh �uvw frpsduh uhvxowv dfurvv
gxudeoh dqg qrq0gxudeoh jrrgv lqgxvwulhv lq Wdeoh 61

'��	� & �-������ ���.��
� +�������

Djjuhjdwh
+4,

Gxudeohv
+5,

Qrq0Gxudeohv
+6,

+5,0+6,

�

$

�
4

4��

�
6

319;6
+31356,
31678
+3136:,
<179

31:53
+3135<,
3165<
+31377,
431:4

31954
+31358,
316:3
+31366,
:1<5

313<<
+3136<,
031374
+3138<,
51:<

Wkh qxpehuv lq eudfnhwv duh vwdqgdug huuruv1

Wdeoh 6 uhyhdov wkdw/ dv d jhqhudo uxoh/ sulfhv lq gxudeoh jrrgv lqgxvwulhv
+VLF 57/58/ 6506<, duh pruh vwlfn| wkdq wkrvh lq qrq0gxudeoh jrrgv +VLF 530
56/ 59064, lqgxvwulhv zlwk dyhudjh sulfh frqwudfw gxudwlrqv ri 431: prqwkv lq
gxudeoh jrrgv lqgxvwulhv frpsduhg zlwk rqo| :1< prqwkv lq qrq0gxudeoh jrrgv
lqgxvwulhv dqg dq ryhudoo pdqxidfwxulqj vhfwru dyhudjh ri <18 prqwkv47 1 Wkh gli0
ihuhqfhv lq wkhvh hvwlpdwhg suredelolwlhv ri sulfh fkdqjh duh dovr vwdwlvwlfdoo| vlj0
ql�fdqwo| gl�huhqw/ dw wkh 4( ohyho/ dfurvv wkh gxudeoh2qrq0gxudeoh fdwhjrulhv1
Wklv vhhpv sodxvleoh jlyhq wkdw surgxfwlrq odjv lq gxudeoh jrrgv lqgxvwulhv lv
olnho| wr eh orqjhu dqg sulfhv pd| eh qhjrwldwhg lq dgydqfh ri gholyhu|1 Wklv
lv/ krzhyhu/ dssduhqwo| lq frqwudvw wr wkh iuhtxhqf| ri sulfh fkdqjh revhuyhg
dfurvv 683 frqvxphu jrrgv e| Elov dqg Nohqrz +5335, zkr �qg qr vwdwlvwlfdoo|0
vljql�fdqw gl�huhqfhv lq sulfh vhwwlqj ehkdylru dfurvv gxudeoh dqg qrq0gxudeoh
vhfwruv1 Krzhyhu/ dv qrwhg e| Eduvn| hw do1/ frqvxphu sulfhv ri gxudeoh jrrgv
duh olnho| wr eh ohvv vwlfn| wkdq surgxfhu sulfhv +hvshfldoo| li jrrgv duh exq0
gohg dw wkh surgxfhu ohyho,/ vxfk wkdw rxu hvwlpdwhv duh dfwxdoo| frqvlvwhqw zlwk
wklv hylghqfh1 Wkhuh lv ohvv gl�huhqfh lq wkh sursruwlrq ri edfnzdug0orrnlqj
�upv lq wkhvh eurdg fdwhjrulhv 0 66( ri �upv lq gxudeoh jrrgv lqgxvwulhv duh
edfnzdug0orrnlqj frpsduhg zlwk 6:( lq qrq0gxudeoh jrrgv lqgxvwulhv dqg dq
ryhudoo dyhudjh ri 68(1

Zh dovr xqghuwdnh sdlu0zlvh Zdog whvwv ri wkh vwdwlvwlfdo vljql�fdqfh ri wkh
gl�huhqfh ehwzhhq wkh dyhudjh qxpehu ri prqwkv lw wdnhv wr dgmxvw sulfhv lq hdfk
sdlu ri lqgxvwulhv1 Wdeoh 7 ghwdlov wkh uhvxowv ri wkhvh frpsdulvrqv dqg vkrzv wkdw
wkh pdmrulw| ri lqgxvwu| vshfl�f hvwlpdwhv ri wkh h{whqw ri qrplqdo lqhuwld duh
vwdwlvwlfdoo| vljql�fdqwo| gl�huhqw dfurvv lqgxvwulhv1 Iru h{dpsoh/ wkh qxpehu
ri 0618 prqwkv lq fhoo +54/55, lqglfdwhv wkdw sulfh frqwudfwv w|slfdoo| odvw iru 618
prqwkv ohvv lq lqgxvwu| 54 frpsduhg wr lqgxvwu| 551 Wdeoh 8/ shuirupv wkh vdph
dqdo|vlv zlwk wkh hvwlpdwhg h{whqw ri edfnzdug0orrnlqj ehkdylru lq sulfh0vhwwlqj
dqg �qgv/ vlploduo|/ wkdw wkhuh lv hylghqfh ri vwdwlvwlfdoo| vljql�fdqw gl�huhqfhv
lq sulflqj ehkdylru dfurvv lqgxvwulhv1

47Qrwh wkdw VLF 53 dqg 5< duh h{foxghg iurp wkhvh fdofxodwlrqv dqg iurp wkrvh zklfk iroorz

lq Wdeohv 709 vlqfh wkh sdudphwhu hvwlpdwhv iru wkhvh lqgxvwulhv zhuh qrw vljql�fdqwo| gl�huhqw

iurp }hur lq Wdeoh 51
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D nh| dgydqwdjh ri rxu vhfwrudo dssurdfk lv wkdw zh fdq dovr dvvhvv wkh fru0
uhodwlrqv ehwzhhq wkh furvv0vhfwlrq ri hvwlpdwhg sdudphwhuv dqg rwkhu uhohydqw
lqgxvwu|0vshfl�f gdwd1 Wklv lv grqh lq Wdeohv 9d09f zklfk frpsxwhv fruuhodwlrq
frh!flhqwv ehwzhhq wkh vhfwrudo sdudphwhu hvwlpdwhv/ wkh pdun0xs lq hdfk lq0
gxvwu| dqg wkh h{whqw ri rxwsxw dqg lq dwlrq yduldelolw|48 1 Wkhvh fruuhodwlrqv
duh dovr eurnhq grzq lqwr gxudeoh dqg qrq0gxudeoh jrrgv lqgxvwulhv1 Khuh vhy0
hudo lqwhuhvwlqj sdwwhuqv hphujh1 Iluvwo|/ wkhuh lv d fohdu srvlwlyh fruuhodwlrq
ehwzhhq wkh ghjuhh ri sulfh0vwlfnlqhvv dqg wkh h{whqw ri edfnzdug0orrnlqj eh0
kdylru/ zklfk lq wxuq duh erwk srvlwlyho| fruuhodwhg zlwk wkh hvwlpdwhg pdun0xs1
Lq rwkhu zrugv/ wkh ohvv frpshwlwlyh dq lqgxvwu| +dv fdswxuhg e| wkh vl}h ri wkh
pdun0xs, wkh pruh vwlfn| lwv sulfh0vhwwlqj ehkdylru dqg wkh ohvv olnho| lw lv wr
vhw sulfhv lq d iruzdug0orrnlqj pdqqhu1 Wkh srvlwlyh fruuhodwlrq ehwzhhq sulfh
vwlfnlqhvv dqg pdun0xs lv dovr irxqg lq wkh vwxg| e| Elov dqg Nohqrz +5335,1
Wklv lv sduwlfxoduo| wuxh lq wkh fdvh ri gxudeoh jrrgv lqgxvwulhv/ zkhuh wkh gx0
udwlrq ri sulfh frqwudfwv lv vwurqjo| fruuhodwhg zlwk wkh pdun0xs/ dqg zkhuh
wkhuh lv dovr d vwurqj qhjdwlyh fruuhodwlrq ehwzhhq erwk wkh pdun0xs dqg sulfh
frqwudfw gxudwlrq dqg lq dwlrq yduldelolw|1 Dqrwkhu lqwxlwlyh uhvxow +zklfk lv
frq�uphg lq Elov dqg Nohqrz +rs flw1,, lv wkdw wkhuh lv d fohdu srvlwlyh fruuhod0
wlrq ehwzhhq rxwsxw yduldelolw| dqg wkh h{whqw ri sulfh vwlfnlqhvv dqg d qhjdwlyh
uhodwlrqvkls ehwzhhq lq dwlrq yduldelolw| dqg sulfh vwlfnlqhvv1 Jlyhq wkh kljko|
vw|ol}hg qdwxuh ri wkh wkhruhwlfdo dqg hfrqrphwulf vshfl�fdwlrqv/ wkhvh r�0prgho
fruuhodwlrqv ehwzhhq wkh hvwlpdwhg ghjuhh ri sulfh vwlfnlqhvv dqg wkh yduldelolw|
ri rxwsxw dqg lq dwlrq duh yhu| hqfrxudjlqj1 Ilqdoo| zh vkrxog qrwh wkdw wkhvh
dv|pphwulhv dfurvv lqgxvwulhv duh olnho| wr eh ri frqfhuq wr prqhwdu| srolf|
pdnhuv iru wkh uhdvrqv glvfxvvhg lq wkh lqwurgxfwlrq1
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48Rxwsxw yduldelolw| lv phdvxuhg dv wkh dyhudjh vtxduhg ghyldwlrq ri wkh orjdulwkp ri rxwsxw

iurp d txdgudwlf wuhqg1 Lq dwlrq yduldelolw| lv wkh vdph phdvxuh iru lq dwlrq1
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Lq wklv sdshu zh ghyhorshg d vhfwrudo prgho ri �upv* sulflqj ehkdylru/ zkhuh
lpshuihfwo| frpshwlwlyh �upv vhoo wkhlu surgxfwv wr frqvxphuv dv �qdo jrrgv
dqg2ru wr rwkhu �upv iru xvh dv lqwhuphgldwh jrrgv lq surgxfwlrq1 Zh doorzhg
rxu �upv wr xwlol}h oderu/ lqwhuphgldwh jrrgv dqg fdslwdo lq surgxfwlrq dqg
zh dvvxph wkdw �upv duh vxemhfw wr wkh frqvwudlqwv lpsolhg e| Fdoyr +4<;6,
frqwudfwv1 Wklv doorzv xv wr ghyhors vhfwrudo Qhz Nh|qhvldq Skloolsv Fxuyhv/
zklfk/ zkhq hvwlpdwhg hfrqrphwulfdoo|/ |lhog phdvxuhv ri wkh ghjuhh ri sulfh
vwlfnlqhvv lq hdfk lqgxvwu|1 Rxu vshfl�fdwlrq dovr glvfulplqdwhv ehwzhhq �upv
zklfk vhw sulfhv lq d pdqqhu frqvlvwhqw zlwk sur�w0pd{lpl}dwlrq dqg �upv
zklfk iroorz vlpsohu/ edfnzdug0orrnlqj/ uxohv ri wkxpe lq dgmxvwlqj wkh sulfhv
wkh| vhw1

Hvwlpdwlqj wkhvh Skloolsv fxuyhv iru 4; 50gljlw pdqxidfwxulqj lqgxvwulhv lq
wkh XV ryhu wkh shulrg 4<8< wr 4<<9/ |lhogv lqgxvwu|0vshfl�f hvwlpdwhv ri wkh
dyhudjh ohqjwk ri sulfh frqwudfwv zklfk udqjh iurp mxvw ryhu 7 prqwkv wr doprvw
418 |hduv1 Wkhuh lv vwdwlvwlfdoo| vljql�fdqw yduldwlrq ehwzhhq lqgxvwulhv/ zklfk
lpsolhv wkdw wkh vhfwrudo uhvsrqvh wr prqhwdu| srolf| lv olnho| wr eh txlwh gli0
ihuhqw/ zlwk gxudeoh jrrgv lqgxvwulhv w|slfdoo| vx�hulqj iurp pruh lqhuwld wkdq
qrq0gxudeoh jrrgv lqgxvwulhv1 Zh dovr �qg wkdw wkh pdmrulw| ri �upv* vhw sulfhv
lq d iruzdug0orrnlqj pdqqhu frqvlvwhqw zlwk sur�w0pd{lpl}dwlrq1 Krzhyhu/
prvw lqgxvwulhv dovr kdyh d vljql�fdqw ghjuhh ri edfnzdug0orrnlqj ehkdylru lq
sulfh0vhwwlqj dqg wklv whqghqf| lv pruh surqrxqfhg lq ohvv frpshwlwlyh lqgxvwulhv
zklfk duh fkdudfwhul}hg e| kljkhu dyhudjh pdun0xsv1

Wkhvh uhvxowv duh ri lqwhuhvw wr srolf| pdnhuv iru d qxpehu ri uhdvrqv1 Wkh
�uvw lv wkdw vljql�fdqw dv|pphwulhv lq sulfh0vhwwlqj ehkdylru dfurvv lqgxvwulhv
zloo d�hfw wkh frqvwuxfwlrq ri d cfruh* phdvxuh ri lq dwlrq/ wkh wdujhwlqj ri zklfk
zrxog plqlpl}h wkh glvwruwlrqv gxh wr vwdjjhuhg sulfh0vhwwlqj ehkdylru +vhh Drnl
+5334,,1 Pruhryhu/ wkh idfw wkdw wkhuh dsshduv wr eh vljql�fdqw gl�huhqfhv
lq sulfh vhwwlqj ehkdylru dfurvv gxudeoh dqg qrq0gxudeoh jrrgv lqgxvwulhv lv
dovr fuxfldo lq ghwhuplqlqj wkh djjuhjdwh lpsdfw ri prqhwdu| srolf| rq wkh
hfrqrp| +vhh Eduwvn| hw do1 +5336,1 Dvlgh iurp wkhvh srlqwv/ wkh hvwlpdwhv
dovr lpso| vljql�fdqw vhfwrudo gl�huhqfhv lq uhvsrqvh wr prqhwdu| srolf| zklfk
duh lpsruwdqw lq dqg ri wkhpvhoyhv li srolf| pdnhuv duh frqfhuqhg derxw wkh
frpsrvlwlrq ri lqgxvwuldo vwuxfwxuh1
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^4` Eduvn|/ U1/F1 O1 Krxvh dqg P1 Nlpedoo +5336,/ cGr Ioh{leoh Gxudeoh Jrrgv
Sulfhv Xqghuplqh Vwlfn| Sulfh Prghov*/ plphr/ Xqlyhuvlw| ri Plfkljdq1

^5` Ed{whu/ P +4<<9,/ cDuh Frqvxphu Gxudeohv Lpsruwdqw iru Exvlqhvv F|fohv*/
Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ :;/ ss 47:04881

^6` Elov/ P dqg S1 M1 Nohqrz +5335,/ cVrph Hylghqfh rq wkh Lpsruwdqfh ri
Vwlfn| Sulfhv*/ plphr/ Xqlyhuvlw| ri Urfkhvwhu1

^7` Fdoyr/ J1 +4<;6,/ cVwdjjhuhg Sulfhv lq d Xwlolw| Pd{lpl}lqj Iudphzrun*/
Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 45+6,/ ss 6;606<;1

^8` Fduowrq/ G1 Z1 +4<;9,/ cWkh Uljlglw| ri Sulfhv*/ Dphulfdq Hfrqrplf Uh0
ylhz/ Yro1 :9+7,/ ss 96:098;1

^9` Fkrz/ J1F1 dqg D1O1 Olq +4<:4,/ cEhvw Olqhdu Xqeldvhg Lqwhusrodwlrq/ Glv0
wulexwlrq dqg H{wudsrodwlrq ri Wlph Vhulhv e| Uhodwhg Vhulhv*/ Uhylhz ri
Hfrqrplfv dqg Vwdwlvwlfv/ 86/ 6:50:81

^:` Grprzlw}/ L1/ U1 J1 Kxeedug dqg E1 F1 Shwhuvhq +4<;;,/ cPdunhw Vwuxf0
wxuh dqg F|folfdo Ioxfwxdwlrqv lq X1V1 Pdqxidfwxulqj*/ Wkh Uhylhz ri Hfr0
qrplfv dqg Vwdwlvwlfv/ Yro1 :3/ Lvvxh 4/ ss 880991

^;` Hufhj/ F1 M dqg D1 W Ohylq +5335,/ cRswlpdo Prqhwdu| Srolf| zlwk Gxudeoh
dqg qrq0Gxudeoh Jrrgv*/ HFE Zrunlqj Sdshu Qr1 4:<1

^<` Ihuqdqgh}/ U1E1/ 4<;4/ D Phwkrgrorjlfdo Qrwh rq wkh Hvwlpdwlrq ri Wlph
Vhulhv/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ 96/ ss 7:40:9

^43` Irpe|/ W1E1/ Kloo/ U1F1 dqg V1U1 Mrkqvrq +4<;7,/ Dgydqfhg Hfrqrphwulf
Phwkrgv/ Vsulqjhu0Yhuodj/ Qhz \run1

^44` Jdoð/ M1 +4<<6,/ cYduldelolw| ri Gxudeoh dqg Qrq0Gxudeoh Frqvxpswlrq=
Hylghqfh iurp Vl{ RHFG Frxqwulhv*/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/
:8/ ss 74;075;1

^45` Jdoð/ M1 dqg P1 Jhuwohu +4<<<,/ cLq dwlrq G|qdplfv= D Vwuxfwxudo Hfrqr0
phwulf Dqdo|vlv*/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 77/ ss 4<805551

^46` Jdoð/ M1/ P1 Jhuwohu dqg M1 G1 Oösh}0Vdolgr +5334,/ cHxurshdq Lq dwlrq
G|qdplfv*/ Hxurshdq Hfrqrplf Uhylhz 78/ ss 456:045:31

^47` Jdoð/ M1/ P1 Jhuwohu dqg M1 G1 Oösh}0Vdolgr +5336,/ cUrexvwqhvv ri wkh
Hvwlpdwhv ri wkh K|eulg Qhz Nh|qhvldq Skloolsv Fxuyh/ plphr1

^48` Jdjqrq/ H1 dqg K1 Nkdq +5334,/ cQhz Skloolsv Fxuyhv zlwk Dowhuqdwlyh
Pdujlqdo Frvw Phdvxuhv iru Fdqdgd/ wkh Xqlwhg Vwdwhv dqg wkh Hxur Duhd*/
plphr/ Edqn ri Fdqdgd1
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^49` Jrrgiulhqg/ P1 dqg U1 Nlqj +4<<:,/ cWkh Qhz Qhrfodvvlfdo V|qwkhvlv dqg
wkh Uroh ri Prqhwdu| Srolf|*/ QEHU Pdfurhfrqrplfv Dqqxdo 4<<:/ ss5640
5;51

^4:` Kdqvhq/ O1S1 +4<<5,/ cOdujh Vdpsoh Surshuwlhv ri Jhqhudol}hg Phwkrg ri
Prphqwv Hvwlpdwruv*/ Hfrqrphwulfd/ 83/ ss 435<0871

^4;` Mxgjh/ J1/ Jul!wkv/ Z1H1/ Kloo U1F1/ Oÿwnhsrko/ K1 dqg W1F1 Ohh/ +4<;8,/
Wkh Wkhru| dqg Sudfwlfh ri Hfrqrphwulfv/ MrkqZloh| dqg Vrqv/ Qhz \run1

^4<` Ohlwk/ F1 dqg M1 Pdooh|/+5335,/ cHvwlpdwhg Jhqhudo Htxloleulxp Prghov iru
wkh Hydoxdwlrq ri Prqhwdu| Srolf| lq wkh XV dqg Hxursh* / FHVlir Zrunlqj
Sdshu 9<<1

^53` Ohlwk/ F1 dqg M1 Pdooh|/ +5336,/ cHvwlpdwhg Rshq Hfrqrp| Qhz Nh|qhvldq
Skloolsv Fxuyhv iru wkh J:*/FHVlir Zrunlqj Sdshu ;671

^54` Olqgh/ M1 +5336,/ cHvwlpdwlqj Qhz0Nh|qhvldq Skloolsv Fxuyhv= D Ixoo Lq0
irupdwlrq Pd{lpxp Olnholkrrg Dssurdfk*/ plphr1

^55` Pdqnlz/ Q1 J1 +5333,/ cWkh Lqh{rudeoh dqg P|vwhulrxv Wudgh0r� Ehwzhhq
Lq dwlrq dqg Xqhpsor|phqw*/ QEHU zrunlqj Sdshu Qr1 :;;7

^56` Pdqnlz/ Q1 J1 dqg U1 Uhlv +5334,/ cVwlfn| Lqirupdwlrq yhuvxv Vwlfn| Sulfhv=
D Sursrvdo wr Uhsodfh wkh Qhz Nh|qhvldq Skloolsv Fxuyh*/ QEHU Zrunlqj
Sdshu Qr1 ;5<31

^57` PfFdooxp/ E1 W1 +5334,/ cLq dwlrq Wdujhwlqj dqg wkh Oltxlglw| Wuds*/
QEHU Zrunlqj Sdshu Qr1 ;5581

^58` Qhzh|/ Zklwqh| dqg Nhqqhwk Zhvw +4<;:,/ cD Vlpsoh Srvlwlyh Vhpl0
Gh�qlwh/ Khwhurvnhgdvwlflw| dqg Dxwrfruuhodwlrq Frqvlvwhqw Fryduldqfh
Pdwul{/* Hfrqrphwulfd/ 88/ ss :36�:3;1

^59` Uxgg/ M1 dqg N1 Zkhodq +5335,/ cQhz Whvwv ri wkh Qhz Nh|qhvldq Skloolsv
Fxuyh/ plphr/ Ihghudo Uhvhuyh Erdug1

^5:` Verugrqh/ D1 P1 +5335,/ cSulfhv dqg Xqlw oderu Frvwv= D Qhz Whvw ri Sulfh
Vwlfnlqhvv*/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ Qr1 7</ ss 59805<51

^5;` Vlpv/ F1 D1 +4<<;,/ cVwlfnlqhvv*/ Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq
Sxeolf Srolf| 7</ ss64:06891
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Vxuyh| hylghqfh lq wkh XV/ vxjjhvwv wkdw gl�huhqw surgxfwv duh vxemhfw wr
txlwh gl�huhqw ghjuhhv ri sulfh vwlfnlqhvv1 Iru h{dpsoh/ Fduowrq +4<;9, �qgv
hylghqfh ri sulfh vwlfnlqhvv udqjlqj iurp 7 wr 46 prqwkv1 Jlyhq wklv/ zh pxvw
hqvxuh wkdw wkh gdwd xvhg lq rxu hvwlpdwlrq lv dw ohdvw dv iuhtxhqw dv wkh orzhvw
hvwlpdwh ri sulfh lqhuwld1 Wklv uxohv rxw iru h{dpsoh wkh xvh ri dqqxdo gdwd vlqfh
4@+4��,/ l1h1 wkh dyhudjh qxpehu ri prqwkv wkdw sulfhv uhpdlqhg �{hg/ zrxog
eh frqvwudlqhg wr eh qr ohvv wkdq rqh |hdu1

Jlyhq wkh deryh/ wr hvwlpdwh wkh QNSF ghyhorshg lq wkh wkhru| uhtxluhv
wkdw zh hpsor| gdwd zlwk d plqlpxp ri d txduwhuo| iuhtxhqf| iru wkh iroorzlqj
yduldeohv= uhdo jurvv rxwsxw/ |l> lpsolflw jurvv rxwsxw gh dwru/ S l> qxpehu ri
surgxfwlrq zrunhu krxuv krxuv/ Kl> dyhudjh krxuo| surgxfwlrq zrunhu zdjh/
Z l> qxpehu ri surgxfwlrq zrunhuv/ Q l> uhdo lqwhuphgldwh lqsxwv/ pl dqg wkh
lpsolflw sulfh gh dwru iru lqwhuphgldwh lqsxwv/ Sp>l1 Xqiruwxqdwho|/ gdwd dw
wkh 50gljlw VLF ohyho iru wkh deryh yduldeohv duh rqo| dydlodeoh iru Z l dw wkh
prqwko| iuhtxhqf| iurp wkh Exuhdx ri Oderu Vwdwlvwlfv +EOV,/ Hpsor|phqw/
Krxuv dqg Hduqlqjv +HKH,1 Zklovw wkh EOV dovr uhsruwv prqwko| hpsor|phqw
dqg sulfhv rq d vxe0djjuhjdwh pdqxidfwxulqj edvlv wkhuh duh vhyhudo sureohpv
zlwk wkhvh phdvxuhv lq wkh frqwh{w ri rxu uhvhdufk1 Iluvw wkh hpsor|phqw gdwd
lv iru wrwdo dqg qrw surgxfwlrq zrunhuv dqg vhfrqg wkh surgxfhu sulfh lqglfhv
duh qrw wkh fruuhfw frqfhswxdo pdwfk iru wkh jurvv rxwsxw gh dwru qru duh wkh|
surylghg lq wkh ghvluhg lqgxvwu| euhdngrzq1 Iru h{dpsoh/ wkhvh gdwd duh rqo|
uhsruwhg rq d VLF edvlv iurp wkh plg04<;3*v1 Wkh orqjhu klvwrulfdo wlph0vhulhv
sxeolvkhg iru surgxfhu sulfhv duh rq d frpprglw| edvlv1 Ixuwkhu qrwh wkdw wkh
Ihghudo Uhvhuyh Erdug +IUE, prqwko| lqglfhv ri lqgxvwuldo surgxfwlrq duh dovr
qrw d suhflvh pdwfk iru jurvv rxwsxw vlqfh wkhvh duh ydoxh0dgghg edvhg lqglfhv1
Ilqdoo|/ kljkhu iuhtxhqf| lqgxvwu| ohyho gdwd +l1h1 txduwhuo| ru prqwko|, iru
lqwhuphgldwh lqsxwv dqg wkhlu fruuhvsrqglqj sulfhv lv vlpso| qrw dydlodeoh1

�
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Wkh gdwd surylghg lq wkh Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk +QEHU,
Surgxfwlylw| Gdwdedvh kdv wkh pdmru dgydqwdjh wkdw lwv phdvxuhv surylgh dq
h{dfw pdwfk zlwk wkh uhtxluhphqwv ri wkh wkhru|1 Krzhyhu/ lwv pdlq glvdgydq0
wdjh/ dv glvfxvvhg deryh/ lv wkdw zh uhtxluh dw ohdvw txduwhuo| gdwd wr xqghuwdnh
phdqlqjixo hvwlpdwlrq ri wkh QNSF1 Vlqfh zh kdyh kljkhu iuhtxhqf| gdwd iru
Z l/ zh qhhg d phwkrg ri glvwulexwlqj wkh dqqxdo QEHU wlph0vhulhv iru |l/ S l/
Kl/ Q l/ pl/ dqg Sp>l dfurvv kljkhu iuhtxhqf| ydoxhv1 Khuh zh zloo glvwulexwh wr
wkh txduwhuo| iuhtxhqf| xvlqj d phwkrg/ zklfk uholhv rq txduwhuo| uhodwhg vhulhv
dqg |lhogv ehvw olqhdu xqeldvhg hvwlpdwhv ri wkh plvvlqj revhuydwlrqv +vhh ehorz
iru d eulhi ghvfulswlrq ri wkh glvwulexwlrq phwkrg hpsor|hg,1
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Wkh prqwko| gdwd iru Z l duh frqyhuwhg wr d txduwhuo| iuhtxhqf| e| dyhudj0
lqj ryhu doo wkh revhuydwlrqv zlwklq hdfk txduwhu1 Wr rewdlq hvwlpdwhv iru wkh
uhpdlqlqj gdwd zh hpsor| d surfhgxuh zklfk uholhv rq hvwlpdwlqj wkh uhodwlrq0
vkls ehwzhhq rxu dqqxdo QEHU gdwd dqg wkh uhodwhg txduwhuo| vhulhv rewdlqhg
iurp wkh EOV dqg IUE1 Dv glvfxvvhg deryh/ zklovw wkh phdvxuhv iurp wkhvh
vrxufhv gr qrw surylgh wkh h{dfw frqfhswxdo pdwfk zlwk wkh wkhru|/ wkh| zloo
qrqhwkhohvv eh kljko| fruuhodwhg zlwk wkh dqqxdo phdvxuhv dqg dv vxfk zloo dfw
xvhixo sur{lhv iru txduwhuo| pryhphqwv lq wkh QEHU gdwd1 Jlyhq wkhuh lv qrw d
rqh0wr0rqh pdsslqj ehwzhhq wkh vhulhv phdvxuhg e| EOV2IUE dqg wkh QEHU
gdwd lw lv fohduo| suhihudeoh wr xvh wkh iruphu gdwd wr sur{| plvvlqj txduwhuo|
pryhphqwv lq wkh QEHU gdwd lqvwhdg ri hpsor|lqj wkhvh gdwd dv gluhfw sur{lhv
iru wkh QEHU dqqxdo gdwd1 Ilqdoo| qrwh wkdw doo ri wkh txduwhuo| gdwd hpsor|hg
lq wkh hvwlpdwlrq ri rxu QNSFv duh vhdvrqdoo| dgmxvwhg dqg wkdw lqgxvwulhv 69
dqg 6; +vhh ehorz iru VLF gh�qlwlrqv, kdg wr eh gursshg gxh wr lqvx!flhqw
revhuydwlrqv iru Z l +l1h1 rqo| uhsruwhg iurp 4<;;T4,1
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Wr hvwlpdwh wkh xqrevhuyhg txduwhuo| pryhphqwv lq wkh dqqxdo QEHU gdwd
zh hpsor| wkh phwkrg ghyhorshg e| Ihuqdqgh} +4<;4,1 Wkh Ihuqdgh} dssurdfk
jhqhudol}hv wkh prgho vhw rxw Fkro dqg Olq +4<:4, e| doorzlqj iru qrq0vwdwlrqdu|
huuruv lq wkh olqhdu vwrfkdvwlf uhodwlrqvkls jhqhudwlqj wkh plvvlqj revhuydwlrqv1
Pruh vshfl�fdoo| jlyhq q dqqxdo revhuydwlrqv/ iru d yduldeoh |d

4
> |d

5
> ===> |dq/ zh

zloo hvwlpdwh txduwhuo| ydoxhv/ |w>4> |w>5> |w>6> |w>7 iru hdfk w @ 4===> q vr wkdw wkh
zlwklq |hdu dyhudjh ri wkh txduwhuo| vhulhv lv htxdo wr wkh revhuyhg dqqxdo ydoxh
surylghg e| wkh QEHU/ h1j1

|dw @
+|w>4 . |w>5 . |w6 . |w>7,

7
= +6;,

Pruhryhu zkhq hvwlpdwlqj wkh txduwhuo| ydoxhv zh iroorz Ihuqdqgh} +4<;4,
dqg ixuwkhu dvvxph wkdw wkh xqrevhuyhg txduwhuo| vhulhv iroorzv d olqhdu vwr0
fkdvwlf uhodwlrqvkls zlwk d vhw ri n uhodwhg revhuyhg txduwhuo| vhulhv dqg wkh
huuru whup iroorzv d udqgrp zdon1 Iru h{dpsoh/ wkh vwrfkdvwlf uhodwlrq iru hdfk
txduwhu l ri |hdu w fdq eh zulwwhq dv iroorzv=

|w>l @ {4w>l�4 . {5w>l�5 . ===. {nw>l�n . xw>l +6<,

zkhuh xw>l @ xw>l�4 . %w>l=

Wkh 7q{4 yhfwru X @ +x4>4 x4>5=== xq>7, lv dvvxphg wr kdyh d }hur phdq dqg
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d fryduldqfh pdwul{ +G3
G,�4/ zkhuh wkh 7q{7q G pdwul{ lv jlyhq e|

G @

5
9999997

4 3 3 3 = = = = 3 3
�4 4 3 3 = = = = 3 3
3 �4 4 3 = = = = 3 3
= = = = = =
= = = = = =
3 3 3 3 = = = = �4 4

6
::::::8
= +73,

Ilqdoo| wkh huuruv %w>l duh dvvxphg wr eh zklwh qrlvh zlwk d }hur phdq
dqg frqvwdqw yduldqfh �51 Jlyhq wkhvh dvvxpswlrqv wkh Ihuqdqgh} hvwlpdwru
lv EOXH vlqfh ydu+X, @ +G3

G,�4�51
Wr hvwlpdwh wkh �3v lq +6<, zh uhtxluh d q{7q glvwulexwlrq pdwul{ E/ 1h1j

E @ +4@7,

5
9999997

4 4 4 4 3 3 3 3 = = = = 3 3 3 3
3 3 3 3 4 4 4 4
3 3 3 3 3 3 3 3 = = = =
= = = = = = = = = = = =
= = = = = = = = = = = =
3 3 3 3 3 3 3 3 = = = = 4 4 4 4

6
::::::8
= +74,

Li zh qh{w ghqrwh wkh q{4 yhfwru ri dqqxdo revhuydwlrqv dv\d @ +|d
4
> |d

5
> ===> |dq,

3

dqg wkh 7q{4 yhfwru ri xqrevhuyhg txduwhuo| revhuydwlrqv dv\ @ +|4>4> |4>5> ===> |q>7,
3

wkhq iurp +74, lw iroorzv wkdw/

\
d @ E\ @ E[� .Ex @ [d� . xd= +75,

Edvhg rq wkh Fkrz dqg Olq +rs flw=, dqdo|vlv lw fdq eh hdvlo| vkrzq wkdw wkh
rswlpdo olqhdu xqeldvhg hvwlpdwru iru wkh xqrevhuyhg kljkhu iuhtxhqf| pryh0
phqwv lq \ lv jlyhq e|

e\ @ [e� . +G3
G,�4

E
3+E+G3

G,�4
E
3,�4

eXd +76,

zkhuh e� @ ^[
d

3+E+G3
G,�4

E
3,�4[d`�4

[
d3+E+G3

G,�4
E
3,�4

\
d/ [d @ E[ dqg

eXd @ \d
�[

d
e�=

��
��	� �����
�
�� �� ��� ,�	���� ,���������

Wkh qh{w lvvxh zklfk qhhgv wr eh frqiurqwhg zkhq dsso|lqj wkh hvwlpdwru
jlyhq e| +76, shuwdlqv wr wkh fkrlfh ri wkh dssursuldwh n txduwhuo| uhodwhg uhjuhv0
vruv zklfk pdnh xs wkh froxpqv ri [1 Dv glvfxvvhg deryh/ vlqfh wkh dydlodeoh
kljkhu iuhtxhqf| EOV2IUE gdwd lv qrw dq h{dfw pdwfk zlwk wkh phdvxuhv uh0
txluhg e| wkh wkhru| dqg lq vrph fdvh zlwk wkh uhtxluhg lqgxvwu| euhdngrzq/
zh qhhg wr pdnh xvh ri dq h{whqghg lqirupdwlrq vhw lq dq h�ruw wr pd{lpl}h
wkh �w zlwk rxu dqqxdo QEHU phdvxuhv1 Iru h{dpsoh/ wr glvwulexwh Q l wr d
txduwhuo| iuhtxhqf| wkhuh duh 57 hpsor|phqw uhodwhg yduldeohv dydlodeoh iurp
wkh EOV1 Wkh EOV dovr surylghv dqrwkhu 54 krxuv uhodwhg yduldeohv wr glvwulexwh
Kl dqg 76 surgxfhu sulfhv wr glvwulexwh S ldqg Sp>l1 Ilqdoo|/ wkh IUE surylghv
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56 lqgxvwuldo surgxfwlrq lqglfhv zklfk zh zloo xvh wr glvwulexwh |l dqg pl1 D
ixoo ghvfulswlrq ri wkhvh yduldeohv dqg wkhlu vrxufhv lv jlyhq ehorz1 Wkh reyl0
rxv dgydqwdjh ri kdylqj dffhvv wr vxfk d odujh vhw ri uhodwhg uhjuhvvruv iru hdfk
yduldeoh lv wkdw wkh| zloo qrw rqo| fdswxuh zlwklq lqgxvwu| fruuhodwlrqv exw dovr
wkh furvv lqgxvwu| fruuhodwlrqv dulvlqj iurp xqghuo|lqj frpsohphqwdulwlhv dqg
vxevwlwxwdelolwlhv lq surgxfwlrq1 Wkh glvdgydqwdjh krzhyhu lv wkdw lw lv lpsrvvl0
eoh wr nqrz dsulrul zklfk uhjuhvvruv wr lqfoxgh dqg zklfk wr h{foxgh1 Yduldeoh
h{foxvlrq lv qhfhvvdu| wr frqvhuyh ghjuhhv ri iuhhgrp dqg wr dyrlg wkh sureohpv
dvvrfldwhg zlwk pxowlfroolqhdulw|1

Wr uhgxfh wkh glphqvlrqdolw| ri rxu ydulrxv uhodwhg uhjuhvvru vhwv zh dsso|
wkh whfkqltxh ri sulqflsdo frpsrqhqwv1 Iru h{dpsoh/ wkh uhjuhvvlrq jlyhq e|
+75, deryh fdq eh wudqviruphg dv iroorzv

\
d @ E[� .Ex @ +E[S,+S3�, .Ex @ E]� .Ex +77,

zkhuh \d lv dq dqqxdo q{4 yhfwru iurp wkh QEHU gdwdvhw> E[ +@ [
d, lv dq

dqqxdol}hg q{n pdwul{ ri uhodwhg uhjuhvvruv> E lv wkh q{7q glvwulexwlrq pdwul{>
[ lv wkh 7q{n pdwul{ ri txduwhuo| uhodwhg uhjuhvvruv> Ex lv wkh dqqxdol}hg q{4
yhfwru ri huuruv> x lv wkh 7q{4 yhfwru ri txduwhuo| huuruv> S lv dq ruwkrjrqdo
n{n pdwul{ zkrvh froxpqv duh wkh fkdudfwhulvwlf yhfwruv ri [[3>E] @ E[S

lv wkh dqqxdol}hg q{n pdwul{ ri sulqflsdo frpsrqhqwv> �@S3� lv wkh n{4 yhfwru
ri frh!flhqwv> dqg e� @ +E]3E],�4

E]
3
\

d=
Qrwh wkdw wkh deryh wudqvirupdwlrq kdv qrw |hw surylghg wkh glphqvlrq0

uhgxfwlrq zh uhtxluh vlqfh wkh vl}h ri wkh ] pdwul{ ri ruwkrjrqdo sulqflsoh frp0
srqhqwv lv wkh vdph dv wkh uhodwhg uhjuhvvru pdwul{ [1 Khqfh zh qh{w eulh |
ghvfuleh wkh surfhgxuh dqg ghflvlrq fulwhuld e| zklfk wkh qxpehu ri froxpqv ri
] duh uhgxfhg wr d vpdoohu vhw zklfk vwloo frqwdlq prvw ri wkh lqirupdwlrq iurp
wkh odujhu vhw1 Zh vwduw e| fdofxodwlqj wkh fruuhodwlrq pdwul{ U ri wkh qrupdo0
l}hg froxpqv ri [1 Wkh qrupdol}dwlrq xqghuwdnhq lv wr glylgh wkh ghyldwlrq ri
hdfk yduldeoh iurp lwv phdq e| lwv vwdqgdug ghyldwlrqv1 Wkxv wkh wrwdo yduldqfh
ri wkh qrupdol}hg [ pdwul{ lv htxdo wr n ru wkh qxpehu ri yduldeohv1 Zkhq wkh
glphqvlrq ri ] lv wkh vdph dv [ wkh ruwkrjrqdo yhfwruv frpsulvlqj ] h{sodlq doo
ri wkh yduldqfh lq qrupdol}hg [1 Dffruglqjo| wkh remhfwlyh ri sulqflsoh frpsr0
qhqwv lv wr h{sodlq dv pxfk ri wkh wrwdo yduldqfh dv srvvleoh zlwk wkh ohdvw qxpehu
ri sulqflsoh frpsrqhqwv ru idfwruv1 Wkh pdqqhu lq zklfk wkh sulqflsoh idfwruv
duh fdofxodwhg/ h{wudfwlqj frqvhfxwlyh idfwruv dffrxqwv iru ohvv dqg ohvv yduldqfh1
Iru h{dpsoh/ wkh iudfwlrq ri yduldqfh h{sodlqhg e| hdfk dgglwlrqdo idfwru/ IYl
lv fdofxodwhg e| �uvw rewdlqlqj wkh fkdudfwhulvwlf htxdwlrq ri U zklfk lv d sro|0
qrpldo ri ghjuhh n uhvxowlqj iurp h{sdqglqj wkh ghwhuplqdqw ri mU� �Lm @ 3
dqg vroylqj iru wkh hljhqydoxhv �l +l @ 4==n,>zkhuh

S
�l @ wu+U, @ n= Wkh n{4

yhfwru IY yhfwru lv wkhq fdofxodwhg dv IY @ W3�@n/ zkhuh � lv duudqjhg lq wkh
rughu ri wkh odujhvw wr vpdoohvw hljhqydoxh dqg W lv dq xsshu wuldqjxodu pdwul{
zlwk }hurv ehorz wkh gldjrqdo dqg rqhv rq dqg deryh wkh gldjrqdo1 Wkh ghfl0
vlrq uxoh zh hpsor| zlwk uhvshfw wr krz pdq| sulqflsoh frpsrqhqwv wr uhwdlq
lv wkdw wkh| pxvw h{sodlq <<( ri wkh yduldqfh ri qrupdol}hg [1 Wklv uhvxowv
lq rxu ydulrxv uhodwhg uhjuhvvru vhwv ehlqj uhgxfhg wr wkh iroorzlqj qxpehu ri
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sulqflsoh idfwruv= hpsor|phqw@:> krxuv@:> surgxfhu sulfhv@6 dqg lqglfhv ri
lqgxvwuldo surgxfwlrq@71 Ilqdoo| qrwh wkdw zkhq hvwlpdwlqj wkh hohphqwv ri e�
erwk d frqvwdqw dqg olqhdu wlph wuhqg duh lqfoxghg lq wkh ydulrxv ] pdwulfhv1

0��� ������� �
� 0�5
��
�

Wzr0Gljlw VLF Frghv

VLF Frgh Lqgxvwu|
53 Irrg dqg Nlqguhg Surgxfwv
54 Wredffr Surgxfwv
55 Wh{wloh Ploo Surgxfwv
56 Dssduho ) Rwkhu Ilqlvkhg Surgxfwv Pdgh iurp Ideulfv
57 Oxpehu ) Zrrg Surgxfwv +h{f1 Ixuqlwxuh,
58 Ixuqlwxuh ) Il{wxuhv
59 Sdshu ) Doolhg Surgxfwv
5: Sulqwlqj/ Sxeolvklqj ) Doolhg Lqgxvwulhv
5; Fkhplfdov ) Doolhg Surgxfwv
5< Shwurohxp Uh�qlqj ) Uhodwhg Lqgxvwulhv
63 Uxeehu ) Plvfhoodqhrxv Sodvwlfv Surgxfwv
64 Ohdwkhu ) Ohdwkhu Surgxfwv
65 Vwrqh/ Fod|/ Jodvv ) Frqfuhwh Surgxfwv
66 Sulpdu| Phwdo Lqgxvwulhv

67
Ideulfdwhg Phwdo Surgxfwv/ H{fhsw Pdfklqhu|

) Wudqvsruwdwlrq Htxlsphqw

68
Lqgxvwuldo ) Frpphufldo Pdfklqhu|

) Frpsxwhu Htxlsphqw

69
Hohfwurqlf ) rwkhu Hohfwulfdo Htxlsphqw )
Frpsrqhqwv +h{f1 Frpsxwhu Htxlsphqw,

6: Wudqvsruwdwlrq Htxlsphqw

6;
Phdvxulqj/ Dqdo|}lqj/ ) Frqwuroolqj Lqvwuxphqwv> Skrwr0
judsklf/ Phglfdo ) Rswlfdo Jrrgv> Zdwfkhv ) Forfnv

6< Plvfhoodqhrxv Pdqxidfwxulqj Lqgxvwulhv
53056/59064 Qrq0Gxudeoh Jrrgv
57058/ 6506< Gxudeoh Jrrgv

QEHU Dqqxdo Wzr0Gljlw Gdwd

Q l Qxpehu ri surgxfwlrq zrunhuv +wkrxv1,
Kl Qxpehu ri surgxfwlrq zrunhu krxuv +ploo ri krxuv,
|l Uhdo wrwdo ydoxh ri vklsphqwv +'ploo14<;:,
pl Uhdo wrwdo frvw ri pdwhuldov +'ploo14<;:,
\ y>l Qrplqdo wrwdo ydoxh dgghg +'ploo1,
S l Gh dwru iru |l +4<;:@4,
Sp>l Gh dwru iru pl +4<;:@4,

59



EOV Txduwhuo| Wzr0Gljlw Gdwd

Z l Dyh krxuo| hduqlqj ri surgxfwlrq zrunhuv

,�	���� ,���������

Wkh 57 EOV hpsor|phqw yduldeohv xvhg wr glvwulexwh Q l lqfoxgh=

41 Djjuhjdwh pdqxidfwxulqj hpsor|phqw
51 Djjuhjdwh surgxfwlrq zrunhu hpsor|phqw
61 Gxudeoh lqgxvwulhv hpsor|phqw
71 Gxudeoh lqgxvwulhv surgxfwlrq hpsor|phqw
81 Qrq0gxudeoh lqgxvwulhv hpsor|phqw
91 Qrq0gxudeoh lqgxvwulhv surgxfwlrq hpsor|phqw
:0571 Wzr gljlw wrwdo hpsor|phqw e| lqgxvwu| +h{fhsw VLFv 69 ) 6;,

Wkh 54 EOV krxuv yduldeohv xvhg wr glvwulexwh Kl lqfoxgh=

41 Dyh zhhno| krxuv ri surgxfwlrq zrunhuv iru pdqxidfwxulqj
51 Dyh zhhno| krxuv ri gxudeoh lqgxvwulhv surgxfwlrq zrunhuv
61 Dyh zhhno| krxuv ri qrq0gxudeoh lqgxvwulhv surgxfwlrq zrunhuv

70541
Wzr gljlw dyhudjh zhhno| krxuv ri surgxfwlrq zrunhuv
+e| lqgxvwu| h{fhsw VLFv 69 ) 6;,

5:



Wkh 56 IUE lqgxvwuldo surgxfwlrq lqglfhv xvhg wr glvwulexwh |l ) pl lqfoxgh=

41 Wrwdo lqgh{
51 Pdqxidfwxulqj
61 Gxudeoh frqvxphu jrrgv
71 Qrq0gxudeoh frqvxphu jrrgv
81 Plvfhoodqhrxv gxudeoh jrrgv
91 Pdwhuldov
:1 Gxudeoh jrrgv pdwhuldov
;1 Rwkhu gxudeoh pdwhuldov
<1 Qrq0gxudeoh jrrgv pdwhuldov
431 Hqhuj| pdwhuldov
441 Dxwrprwlyh surgxfwv
451 Irrgv dqg wredffr
461 Forwklqj
471 Fkhplfdo surgxfwv
481 Sdshu surgxfwv
491 Frqvxphu hqhuj| surgxfwv
4:1 Exvlqhvv htxlsphqw
4;1 Wudqvlw htxlsphqw
4<1 Ghihqfh dqg vsdfh htxlsphqw
531 Ilqdo surgxfwv dqg qrq0lqgxvwuldo vxssolhv
541 Frqvxphu sduwv
551 Htxlsphqw sduwv

561
Rwkhu exvlqhvv vxssolhv h{1 hqhuj|/ prwru

yhklfohv ) sduwv1/ ) kljk0whfkqrorj|

5;



Wkh 76 EOV surgxfhu sulfhv xvhg wr glvwulexwh S l ) Sp>l lqfoxgh=

41 Doo frpprglwlhv
51 Idup surgxfwv
61 Surfhvvhg irrgv dqg ihhgv
71 Wh{wloh surgxfwv dqg dssduho
81 Klghv/ vnlqv/ ohdwkhu/ dqg uhodwhg surgxfwv
91 Ixhov dqg uhodwhg surgxfwv dqg srzhu
:1 Fkhplfdov dqg doolhg surgxfwv
;1 Uxeehu dqg sodvwlf surgxfwv
<1 Oxpehu dqg zrrg surgxfwv
431 Sxos/ sdshu/ dqg doolhg surgxfwv
441 Phwdov dqg phwdo surgxfwv
451 Pdfklqhu| dqg htxlsphqw
461 Ixuqlwxuh dqg krxvhkrog gxudeohv
471 Qrq0phwdoolf plqhudo surgxfwv
481 Plvfhoodqhrxv surgxfwv
491 Wrwdo gxudeoh jrrgv
4:1 Wrwdo qrq0gxudeoh jrrgv
4;1 Pdqxidfwxuhg jrrgv
4<1 Gxudeoh pdqxidfwxuhg jrrgv
531 Qrq0gxudeoh pdqxidfwxuhg jrrgv
541 Wrwdo udz ru voljkwo| surfhvvhg jrrgv
551 Gxudeoh udz ru voljkwo| surfhvvhg jrrgv
561 Qrq0gxudeoh udz ru voljkwo| surfhvvhg jrrgv
571 Lqgxvwuldo frpprglwlhv
581 Idup surgxfwv/ surfhvvhg irrgv dqg ihhgv
591 Vwhho ploo surgxfwv
5:1 Ilqlvkhg vwhho ploo surgxfwv
5;1 Fuxgh pdwhuldov
5<1 Fuxgh irrgvwx�v dqg ihhgvwx�v
631 Fuxgh qrq0irrg pdwhuldov h{fhsw ixho
641 Fuxgh ixho
651 Fuxgh pdwhuldov ohvv djulfxowxudo surgxfwv
661 Lqwhuphgldwh pdwhuldov/ vxssolhv dqg frpsrqhqwv
671 Irrg pdqxidfwxulqj
681 Frpsrqhqwv iru pdqxidfwxulqj
691 Surfhvvhg ixhov dqg oxeulfdqwv
6:1 Pdqxidfwxuhg dqlpdo ihhgv
6;1 Lqwhuphgldwh pdwhuldov ohvv irrgv dqg ihhgv
6<1 Ilqlvkhg jrrgv
731 Ilqlvkhg frqvxphu jrrgv
741 Ilqlvkhg frqvxphu irrgv
751 Ilqlvkhg frqvxphu irrgv/ surfhvvhg
761 Ilqlvkhg frqvxphu jrrgv h{foxglqj irrgv
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Zh qh{w uhirupxodwh wkh Skloolsv fxuyh ghvfulehg e| +5;, wr rewdlq d vshf0
l�fdwlrq pruh dssursuldwh iru hvwlpdwlrq1 Wr gr vr frqvlghu wkh hohphqw ri
pdujlqdo frvw zklfk lv lqghshqghqw ri wkh �up*v dfwlrqv/
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Khuh zh fdq uhodwh wkh frpelqdwlrqv ri surgxfwlrq ixqfwlrq sdudphwhuv wr od0
eru vkduh yduldeohv edvhg rq jurvv udwkhu wkdq ydoxh0dgghg rxwsxw1 Wkhuhiruh/
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Zh fdq uhzulwh wklv lq d pruh frqyhqwlrqdo irup/ e| gh�qlqj d jurvv0rxwsxw
edvhg phdvxuh ri oderu vkduh/

evlw @
fZ l
w �

eS l
w .

eKl
w � e|lw= +7<,

Xvlqj wkh orj0olqhdulvhg yhuvlrq ri wkh �uvw0rughu frqglwlrq iru oderu ghpdqg
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�
zl>p �p>l
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Wklv phdvxuh ri pdujlqdo frvwv fdq eh vxevwlwxwhg lqwr rxu vhfwrudo Skloolsv
fxuyh wr jlyh htxdwlrq +63, lq wkh pdlq wh{w1
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