
Wrslfv lq Qrqpdunhw Ydoxdwlrq

Plfkdho Kdqhpdqq

Uhsruw e| Lqjulg Vhlqhq/ Xqlyhuvlw| ri Dpvwhugdp�

4 Lqwurgxfwlrq

Qrq0pdunhw jrrgv duh jrrgv wkdw fduu| qr sulfh dqg fdqqrw eh sxufkdvhg1 H{dpsohv duh

sxeolf edgv ru sxeolf jrrgv wkdw duh hqgrzhg xsrq vrflhw| vxfk dv d qdwlrqdo sdun1 Lq

wkhvh fdvhv/ dowkrxjk wkh djjuhjdwh txdqwlw| ri wkh jrrg ru edg vxssolhg pd| eh revhuyhg/

wkh lqglylgxdo ru djjuhjdwh h{shqglwxuhv ru ydoxdwlrqv ri wkh jrrg zloo qrw1 Xvxdoo| doo

wkdw fdq eh revhuyhg lv krz frqvxpswlrq ri sulydwh jrrgv fkdqjhv zlwk wkh ohyho ri wkh

qrqpdunhw jrrg1 Wr dvvhvv d ydoxh wr wkhvh w|sh ri jrrgv lv d juhdw fkdoohqjh wr ghpdqg

wkhru|1

Lq d vhulhv ri �yh ohfwxuhv Kdqhpdqq kdv jlyhq dq ryhuylhz ri wkh qrqpdunhw ydoxdwlrq

uhvhdufk dv kdv ehhq ghyhorshg lq wkh odvw ghfdghv zlwk d vwurqj hpskdvlv rq hqylurqphqwdo

jrrgv1 Wkh rxwolqh ri wklv uhsruw iroorzv wkh vwuxfwxuh ri wkhvh ohfwxuhv�hyhu| ohfwxuh lv

vxppdul}hg lq rqh vhfwlrq1

Iluvw d vkruw lqwurgxfwlrq lq frqyhqwlrqdo ghpdqg wkhru| lv surylghg iroorzhg e| d

klvwrulfdo rxwolqh ri wkh ghyhorsphqw ri qrqpdunhw ydoxdwlrq lq wkh Xqlwhg Vwdwhv dqg dq

rxwolqh ri wkh uhpdlqlqj sduw ri wklv uhsruw1

414 Wkhru| ri Frqvxphu Ghpdqg

Frqvlghu dq lqglylgxdo zlwk dq lqfrph t / idflqj d vhw ri ? jrrgv iurp zklfk ^ jrrgv

duh frqvxphg e| wklv lqglylgxdo1 Dvvxph wkh lqglylgxdo srvvhvvhv d txdvl0frqfdyh xwlolw|

ixqfwlrq/ �E^�1 Frqvxphuv duh idfhg zlwk d vhw ri sulfhv T dqg fkrrvh d exqgoh ri jrrgv

e| pd{lpl}lqj xwlolw|/ vxemhfw wr wkhlu exgjhw frqvwudlqw1 Wkh vroxwlrq wr wkdw sureohp

^W lv d vhw ri ruglqdu| ghpdqg ixqfwlrqv/ jlylqj txdqwlw| ghpdqghg dv d ixqfwlrq ri sulfh

�Urhwhuvvwuddw 44/ 434; ZE Dpvwhugdp/ Sk= .64053085817678> Hpdlo= lqjulgvCihh1xyd1qo1
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dqg lqfrph1 Ghpdqg lv xqfrpshqvdwhg ehfdxvh dv sulfhv fkdqjh/ lqfrph lv qrw dgmxvwhg

wr frpshqvdwh iru wkh uhvxowlqj fkdqjh lq xwlolw|1

Vxevwlwxwlqj ^W edfn lqwr � |lhogv wkh lqgluhfw xwlolw| ixqfwlrq �ETc t �/ zklfk gh�qhv

wkh kljkhvw ohyho ri xwlolw| dwwdlqdeoh/ jlyhq sulfhv T dqg lqfrph t 1 Ur|*v lghqwlw| uhodwhv

� dqg %= Wkh ghulydwlyh ri wkh lqgluhfw xwlolw| zlwk uhvshfw wr wkh �wk sulfh |lhogv wkh �wk

ghpdqg ixqfwlrq/ diwhu qrupdol}lqj e| wkh pdujlqdo xwlolw| ri lqfrph1

Gxdo wr pd{lpl}dwlrq ri xwlolw| vxemhfw wr d pd{lpxp h{shqglwxuh/ lv h{shqglwxuh

plqlpl}dwlrq vxemhfw wr dwwdlqphqw ri plqlpxp xwlolw|1 Wkh vroxwlrq wr wklv plqlpl}dwlrq

sureohp/ ^W ' �ETc L�/ lv d vhw ri frpshqvdwhg ru Klfnvldq/ ghpdqg ixqfwlrqv/ zklfk jlyh

wkh txdqwlw| ghpdqghg dv d ixqfwlrq ri sulfh dqg xwlolw|1 Lqfrph lv ri qr frqvhtxhqfh> dv

sulfhv fkdqjh h{shqglwxuhv duh dgmxvwhg wr pdlqwdlq frqvwdqw xwlolw|1

Vxevwlwxwlqj � edfn lqwr wkh plqlpl}dwlrq sureohp |lhogv dq rswlpdo ydoxh ixqfwlrq/

eETc L� ' T��ETc ��/ wkh h{shqglwxuh ixqfwlrq/ zklfk lv frqfdyh lq T1 Wkh h{shqglwxuh

ixqfwlrq/ e/ dqg frpshqvdwhg ghpdqg/ �/ duh uhodwhg dffruglqj wr Vkhsdug*v ohppd zklfk

vwdwhv wkdw ghpdqg iru wkh �wk frpprglw| lv vlpso| wkh ghulydwlyh ri wkh h{shqglwxuh

ixqfwlrq zlwk uhvshfw wr wkh �wk sulfh1 Ehfdxvh ri wkh frqfdylw| ri e wkh Khvvldq +wkh pdwul{

ri vhfrqg ghulydwlyhv, lv v|pphwulf dqg qhjdwlyh vhplgh�qlwh1 Ixuwkhupruh/ frqfdylw| ri

e lpsolhv wkdw doo frpshqvdwhg ghpdqg ixqfwlrq duh grzqzdug vorslqj/ ru dw ohdvw gr qrw

vorsh xszdug1

Wzr w|shv ri ghpdqg ixqfwlrqv kdyh ehhq ghulyhg= Pduvkdooldq +ruglqdu|, dqg Klfnvldq

+frpshqvdwhg,1 Pduvkdooldq ixqfwlrqv duh xvxdoo| hvwlpdwhg/ |hw lw lv Klfnvldq ixqfwlrq wkdw

qhhg wr eh xvhg wr frpsxwh phdvxuhv ri zhoiduh +vhh ehorz,1 Ruglqdu| ghpdqg ixqfwlrqv

kdyh wkh glvdgydqwdjh wkdw sulfh dqg lqfrph h�hfwv duh exqgohg wrjhwkhu> wkhuhiruh/ wkh

h�hfw ri d sulfh fkdqjh dv uh hfwhg e| dq ruglqdu| ghpdqg ixqfwlrq zloo lqyroyh sulfh dqg

lqfrph h�hfwv1 Frpshqvdwhg ghpdqg ixqfwlrq irfxv rq sulfhv dorqh1

Krzhyhu/ Zloolj ghulyhg frqglwlrqv rq lqfrph hodvwlflwlhv dqg h{shqglwxuh vkduhv wkdw

lpso| d forvh djuhhphqw ehwzhhq erwk phdvxuhv dqg Kdxvpdq vkrzhg krz wr frpsxwh

wkh frpshqvdwhg ghpdqg ixqfwlrq gluhfwo| iurp wkh ruglqdu| ghpdqg ixqfwlrq1 Wkxv qr

dssur{lpdwlrq zdv qhfhvvdu|1 Xqiruwxqdwho|/ wkhvh frpsxwdwlrqv duh udwkhu gl!fxow1

Wkh w|slfdo vlwxdwlrq zlwk frqyhqwlrqdo jrrgv lv wkdw wkh uhvhdufkhu revhuyhv d wlph

vhulhv ru furvv vhfwlrq ri frqvxpswlrq dqg sulfhv ri wkh jrrg/ dqg iurp wkrvh gdwd/ hvwlpdwhv

ghpdqg1 Wkh lqgluhfw dssurdfk wkdw lv qhfhvvdu| iru phdvxuhlqj wkh ghpdqg iru qrqpdunhw

jrrgv suhvhqwv xqltxh fkdoohqjhv wr frqvxphu wkhru|1

Ehfdxvh qrw doo txdqwlwlhv fdq eh frqyhuwhg wr sulfhv/ wkh xwlolw| ixqfwlrq lqgxfhv uh0

vwulfwlrqv rq wkh ghpdqg dqg h{shqglwxuh ixqfwlrqv1 Li wkh vhw ri uhvwulfwhg frpshqvdwhg

ghpdqg ixqfwlrqv duh hvwlpdwhg +ru ghulyhg iurp hvwlpdwhg ruglqdu| ghpdqg ixqfwlrqv,/
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xqghu fhuwdlq flufxpvwdqfhv wkh uhvwulfwhg h{shqglwxuh ixqfwlrq fdq eh uhfryhuhg dqg wkhq

gl�huhqwldwhg zlwk uhvshfw wr wkh qrq0pdunhw jrrg/ ^?/ wr rewdlq lwv frpshqvdwhg ghpdqg

ixqfwlrq1 Xqiruwxqdwho|/ zkhq lqwhjudwlqj edfn wr wkh h{shqglwxuh ixqfwlrq/ wkh frqvwdqw

ri lqwhjudwlrq zloo uhpdlq xqnqrzq1 Li wkdw frqvwdqw lqyroyhv ^? wkhq lw zloo qrw eh srv0

vleoh wr ixoo| uhfryhu wkh ghpdqg ixqfwlrq iru wklv jrrg1 Krzhyhu/ li wkhuh h{lvw d zhdn

frpsohphqwdu| jrrg ri ^?/ wkdw phdqv wkdw zkhq ghpdqg iru jrrg � gursv wr }hur/ qrw

rqo| jrrg ? lv qrw ghpdqghg exw pdujlqdo fkdqjhv lq ^? kdyh qr h�hfw rq wkh h{shqglwxuh

ixqfwlrq/ wkhq lw lv qrw qhfhvvdu| wr nqrz wkh h{shqglwxuh ixqfwlrq/ mxvw wkh lqwhjudo ri wkh

Klfnvldq ghpdqg ixqfwlrq ri wkh rwkhu jrrg vx!fhv1

41414 Zhoiduh Hydoxwlrq

Zkdw vrphwklqj frvwv grhv qrw qhfhvvdulo| uh hfw zkdw vrphwklqj lv zruwk +nqrzq dv

wkh Gldprqg dqg Zdwhu sdudgr{ ri Vplwk,1 Ehqh�w phdvxuhv vkrxog eh ghulyhg iurp

ghpdqg udwkhu wkdq iurp vxsso| ixqfwlrqv1 Dqg zkhq irupxodwlqj wkh ghpdqg ixqfwlrq/

lw lv lpsruwdqw wr glvwlqjkxlvk pdujlqdo iurp qrq0pdujlqdo ydoxh1 Iru wkh odwwhu nqrzohgjh

derxw suhihuhqfhv lv uhtxluhg1 Wkh �uvw dwwhpsw wr phdvxuh zhoiduh lq whupv ri ghpdqg

zdv pdgh e| Pduvkdoo1 Kh phdvxuhg frqvxphu vxusoxv e| fdofxodwlqj wkh duhd ehwzhhq wkh

sulfh ohyho dqg wkh ghpdqg fxuyh/ hvwlpdwlqj wkh ghpdqg fxuyhv e| phdvxulqj wkh ghpdqg

dw gl�huhqw sulfh ohyhov1 Klfnv vkrzhg krz wr ghulyh wkh lqgluhfw xwlolw| ixqfwlrq iurp wkh

ghpdqg fxuyh1 Kh irupxodwhg zhoiduh phdvxuhv iru sulfh dqg lqfrph fkdqjhv lq prqhwdu|

whupv/ edvhg rq htxlydohqfh uhodwlrqv ehwzhhq frpprglwlhv +zlwk prqh| dv wkh qxphudluh,

dqg wkxv phdvxulqj ydoxh lq h{fkdqjh1 Wkh pd{lpxp zloolqjqhvv wr sd| +ZWS, htxdov

wkh dprxqw wkdw vkrxog eh vxevwudfwhg iurp wkh rog ru qhz lqfrph wr vwd| rq wkh vdph

lqgl�huhqfh fxuyh1 Wkh plqlpxp zloolqjqhvv wr dffhsw +ZWD, htxdov wkh dprxqw wkdw

vkrxog eh dgghg wr wkh rog ru qhz lqfrph wr vwd| rq wkh vdph xwlolw| fxuyh1

Kh lqwurgxfhg wkh frqfhswv ri frpshqvdwlqj yduldwlrq+FY, dqg htxlydohqw yduldwlrq+HY,/

zklfk vkrxog vdwlvi|=

�ET�c t � ��V� ' �ETfc t f� � �f dqg �ET�c t �� ' �ETfc t f n ,V� � ��

Li �� : �f wkhq FY lv ZWS dqg HY lv ZWD1 Li �� 	 �f wkhq 0FY lv ZWD dqg 0HY lv

ZWS1

Ehfdxvh rqo| ruglqdu| ghpdqg lv xvxdoo| hvwlpdwhg/ frqvxphu vxusoxv lv iuhtxhqwo|

xvhg dv d ehqh�w phdvxuh1 Krzhyhu/ wklv xvdjh lv lqdssursuldwh ehfdxvh sulfh h�hfwv duh

frpsrxqghg e| lqfrph h�hfwv1 Kdqhpdqq+4<;<, vkrzhg wkdw iru dq hqylurqphqwdo jrrg

iru zklfk wkhuh lv qr forvh vxevwlwxwh/ gl�huhqfhv ehwzhhq HY dqg FY pd| eh odujh gxh
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wr lqfrph h�hfwv1 Wkh lqfrph h�hfwv duh odujh/ ehfdxvh wkh lqglylgxdov kdyh dffhvv wr d

kljko| ydoxhg hqylurqphqwdo uhvrxufh/ zklfk lqfuhdvhv wkhlu h�hfwlyh lqfrph vljql�fdqwo|1

415 Klvwru|

Hqylurqphqwdo ydoxdwlrq juhz rxw ri frvw0ehqh�w dqdo|vlv/ zklfk lwvhoi �uvw hphujhg dv d

sudfwlfdo wrro ri jryhuqphqw ghflvlrq pdnlqj lq wkh XV lq wkh hduo| sduw ri wklv fhqwxu|1

Xqwlo 4<79 frvw0ehqh�w dqdo|vlv zhuh mxvw d sudfwlfdo wrro iru pdqdjlqj1

Wkh �uvw uhsruw wkdw dssolhg vwdqgdug zhoiduh dqdo|vlv wr wkh dqdo|vlv ri ihghudo srolf|/

nqrzq dv wkh �Juhhq Errn�/ ghdow zlwk wkh hfrqrplf dqdo|vlv ri ulyhu edvlq surmhfwv1 Lw

fryhuhg prvw dvshfwv ri surmhfw hydoxdwlrq/ lqfoxglqj phdvxuhphqw ri ehqh�wv dqg frvwv/

fruuhfw gh�qlwlrq ri vhfrqgdu| lpsdfwv irufdvwlqj ixwxuh sulfh ohyhov/ fkrlfh ri d glvfrxqw

udwh/ shulrg ri dqdo|vlv/ doorzdqfh iru ulvn/ wuhdwphqw ri wd{hv/ dqg frvw0doorfdwlrq iru

pxowlsxusrvh surmhfwv1 Exw dowkrxjk wklv uhsruw uhfrpphqghg wr xvh dgmxvwhg/ hvwlpdwhg

pdunhw ydoxhv iru h�hfwv wkdw frxog qrw eh gluhfwo| phdvxuhg lq wkh pdunhw/ wkh hpskdvlv

zdv rq pdunhw sulfhv1 Pruhryhu/ wkh dfdghplf zruog glg qrw eholhyh dssursuldwh sulfhv

frxog eh irxqg iru qrqpdunhw jrrgv vxfk dv uhfuhdwlrq1

Wkh rqo| h{fhswlrq zdv Krwhoolqj1 Kh zdv wkh rqo| uhvsrqghu wkdw fdph zlwk d vroxwlrq

zkhq uhtxhvwhg wr ghvfuleh d zd| wr phdvxuh wkh ydoxh d Qdwlrqdo Sdun1 Kh dujxhg wkdw

wkh vrfldo ydoxh ri d jrrg lv mxvw wkh duhd xqghu lwv ghpdqg fxuyh1 Wr phdvxuh wkh ghpdqg

fxuyh iru d qdwlrqdo sdun kh vxjjhvwhg wr phdvxuh wkh frvwv wkdw zhuh dvvrfldwhg zlwk

ylvlwlqj wkh sdun/ vxfk dv iru wudyho/ htxlsphqw ru orgjlqj1 Ehfdxvh ri wkh yduldwlrq lq

wkhvh frvwv dprqj ylvlwruv/ wkh ghpdqg iru gl�huhqw sulfhv frxog eh ghwhuplqhg dqg wkh

ghpdqg fxuyh frqvwuxfwhg1

Krzhyhu/ lw zrxog wdnh 43 |hduv ehiruh klv lghd zdv uhfrjqlvhg1 Lq 4<8; wzr vwxglhv

dsshduhg wkdw dssolhg klv phwkrg1 Iurp wkhq rq wkh wudyho0frvw phwkrg ghyhorshg txlfno|

dqg ehfdph zlgho| xvhg lq zdwhu uhvrxufh surmhfwv dqg odwhu dovr iru jryhuqphqw dfwlylwlhv

vxfk dv urdg dqg udlo wudqvsruwdwlrq/ hgxfdwlrq dqg xuedq uhqhzdo1

Lq wkh vdph |hdu wkdw Krwhoolqj sursrvhg wkh wudyho frvw phwkrg/ Zdqwuxs vxjjhvwhg

dqrwkhu dssurdfk / nqrzq dv frqwlqjhqw ydoxdwlrq= Dvn lqglylgxdov krz pxfk prqh| wkh|

duh zloolqj wr sd| wr pdnh xvh ri d sxeolf jrrg1 Lq wkh hduo| 4<93*v wkh �uvw vxuyh|0vwxglhv

zhuh fduulhg rxw1 Iurp 4<98 wr 4<;3 d orw ri uh�qhphqwv ri erwk wkh wudyho0frvw dqg wkh

FY phwkrg zhuh sursrvhg1

Wzr rwkhu lpsruwdqw lqqrydwlrqv gxulqj wklv shulrg frqfhuqhg wkh frqfhswxdo irxqgd0

wlrqv ri qrq0pdunhw ydoxdwlrq +Kdqhpdqq/4<<5,1 Qdwxudo hqylurqphqw lv qrw d frqyhq0

wlrqdo w|sh ri hfrqrplf frpprglw|/ dqg shrsoh pd| ydoxh wkh qdwxudo hqylurqphqw�dw
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ohdvw lq sduw�rxw ri frqvlghudwlrqv xquhodwhg wr wkhlu rzq lpphgldwh dqg gluhfw xvh ri lw1

Zhlveurg irfxvhg rq xqfhuwdlqw| dqg wkh rswlrq ydoxh/ wkdw shrsoh zkr gr qrw qrz ylvlw d

qdwlrqdo sdun pljkw jlyh wr wkh sdun ehfdxvh wkh| zdqw wr suhvhuyh wkhlu rswlrq ri ylvlwlqj

lw lq wkh ixwxuh1 Nuxwlood irfxvhg rq ehtxhvw ydoxh dqg h{lvwhqfh ru qrq0xvh ydoxh1 Shrsoh

pljkw zdqw wr suhvhuyh wkh sdun iru wkhlu fkloguhq ru pljkw mxvw rewdlq vdwlvidfwlrq iurp

phuh nqrzohgjh wkdw sduw ri wkh zloghuqhvv lq Qruwk Dphulfdo uhpdlqv1

Vlqfh wkh 4<;3*v d pdwkhpdwlfdo vroxwlrq wr lqfrusrudwh xqfhuwdlqw| dqg qrq0xvh ydoxh

kdv ehhq surylghg1 D nh| lpsolfdwlrq ri wkh frqvhqvxv gh�qlwlrq zklfk kdv hphujhg lv wkdw

qrq0xvh ydoxh fdq rqo| eh phdvxuhg e| wkh FY phwkrg= lw fdqqrw eh phdvxuhg wkurxjk

wkh wudyho frvw ru vlplodu phwkrgv wkdw uho| rq wkh ghpdqg iru vxuurjdwh pdunhw jrrgv

ehfdxvh lw uh hfwv d ydoxh sodfhg rq wkh qdwxudo hqylurqphqw iurp txlwh vhsdudwh prwlyhv1

Wkhuhiruh/ uhfhqw vwxglhv xvh erwk phwkrgv vlpxowdqxrxvo|1

416 Hpslulfdo phwkrgv

Wkhuh duh wkuhh edvlf dssurdfkhv wr rewdlqlqj phdvxuhv ri qrq0pdunhw ydoxhv hpslulfdoo|=

prghov ri ehkdylru wkdw ghulyh iurp ghpdqg iru vhuylfhv ri uhfuhdwlrqdo vlwhv> prghov ri wkh

ghpdqg iru jhqhulf dwwulexwhv> dqg frqwlqjhqw ru k|srwkhwlfdo ydoxdwlrq dssurdfkhv wkdw

ydoxh dffhvv ru txdolw| fkdqjhv gluhfwo| iurp frqvxphuv* uhvsrqvhv wr txhvwlrqv1 Wkh �uvw

phwkrg lqfoxghv wudyho frvw prghov dqg udqgrp xwlolw| prghov1 Wkh surfhgxuh lv dv iroorzv=

Ilqg d pdunhw jrrg wkdw fdswxuhv shrsoh*v suhihuhqfhv iru wkh qrq0pdunhw lwhp +h1j1 lv

frpsohphqwdu| wr wkh qrq0pdunhw lwhp, rqh zlvkhv wr ydoxh dqg ydoxh wkh h{lvwhqfh ri wkdw

pdunhw jrrg1 Lq vhfwlrq 5 wkh jhqhudo phwkrg dqg vrph ri lwv slwidoov zloo eh glvfxvvhg1

Vhfwlrq 6 hoderudwhv rq wklv/ lqwurgxflqj glvfuhh fkrlfhv dqg xqfhuwdlqw|1

Prgholqj frqvxphu fkrlfh iru jhqhulf fkdudfwhulvwlfv/ lq frqwudvw wr vlwh vshfl�f jrrgv/

kdv ehfrph vwdqgdug iduh lq krxvlqj vwxglhv/ exw lv uduho| xvhg lq hqylurqphqwdo hydoxdwlrq

vwxglhv1 Wkh khgrqlf wudyho frvw prgho lv dq dwwhpsw wr xwlol}h lqvljkwv iurp wkh krxvlqj

pdunhw/ zkhuh wkh pdunhw lqvxuhv wkdw wkh dwwulexwhv wkdw duh ydoxhg duh sulfhg dw wkh

pdujlq1 Lw wulhv wr uhjuhvv wkh wudyho frvwv lqglylgxdov lqfxu lq ylvlwlqj d d uhfuhdwlrqdo vlwh

rq wkh phdvxuhv ri txdolw| fkdudfwhulvwlfv dw wkh vlwh1 Wkh xqghuo|lqj surfhgxuh lv wr �qg

d pdunhw jrrg wkdw fdswxuhv shrsoh*v suhihuhqfhv iru wkh qrq0pdunhw lwhp dqg ydoxh wkh

h�hfw ri d fkdqjh lq wkh qrq0pdunhw lwhp1

Wkhvh �uvw wzr phwkrgv duh edvhg rq uhyhdohg suhihuhqfh dqg riwhq phdvxuhg dv wudyho

frvwv1 Wkh| phdvxuh rqo| wkh xvh ydoxh1 Wkh wklug phwkrg ydoxhv wkh qrq0pdunhw lwhp

lwvhoi1 Lw lv edvhg rq frqwlqjhqw ydoxdwlrq dqg phdvxuhv wkh wrwdo ydoxh> erwk xvh dqg

qrq0xvh ydoxh1 Frqwlqjhqw ydoxdwlrq lv wkh vxemhfw ri vhfwlrq 71 Vhfwlrq 8 hydoxdwhv uhfhqw
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hpslulfdo vwxglhv frpelqlqj erwk prghov/ vhfwlrq 9 frqfoxghv1

5 Wkh wudyho frvw dssurdfk= Vlqjoh ) pxowlsoh htxd0
wlrq v|vwhpv

Wkh pdunhw jrrg wkdw fdswxuhv shrsoh*v suhihuhqfhv iru uhfuhdwlrq ehvw lv wudyho frvwv/

lqfoxglqj hqwudqfh ihh/ frvw ri wudyhoolqj wr wkh vlwhv dqg h{shqvhv dw wkh vlwh vxfk dv

htxlsphqw/ irrg dqg orgjlqj1

Krwhoolqj*v uhfrpphqgdwlrq lq 4<7:/ dowkrxjk qrw lpsohphqwhg ehiruh 4<8: zdv= +d,

wr vxuyh| ylvlwruv dw d vlwh +h1j1 Qdwlrqdo sdun, dqg �qg rxw zkhuh wkh| fdph iurp dqg

zkdw wkhlu frvwv zhuh> +e, wr sorw d ghpdqg ixqfwlrq +qxpehu ri ylvlwv djdlqvw sulfh,

xvlqj vrph phdvxuh ri frvw shu ploh> dqg +f, wr phdvxuh Pduvkdooldq frqvxphu vxusoxv1

Wkh uhvxowlqj ghpdqg prgho lpsolhv d 50jrrg xwlolw| ixqfwlrq � ' �E%�c 5�/ zkhuh %� lv

wkh qxpehu ri wulsv wr wklv uhfuhdwlrq vlwh dqg 5 lv d �Klfnvldq frpsrvlwh frpprglw|� +doo

rwkhu jrrgv,1 Klfnv wkhruhp vwdwhv= Dvvxph wkdw sulfhv R2c ���c R� ydu| lq vwulfw sursruwlrq/

vr wkdw R� ' w 7R� � ' 2���� iru vrph �{hg yhfwru 7R2��� 7R� dqg vrph srvlwlyh vfdodu w1 Wkhq/

wkhuh h{lvwv d qhr0fodvvlfdo xwlolw| ixqfwlrq �E�c �� vxfk wkdw �E%�c %2c ��%�� ' �E%�c 5� zkhuh

5 � �S�
�32

7R�%� Qrupdol}lqj R5 ' � wr 4 jlyhv %� ' }�ER�c �
f� dqg/ iru vrpherg| idflqj

sulfh Rf
�
zlwk fxw0r� sulfh RW

�
/ wkh ydoxh ri wkh vlwh lq whupv ri zloolqjqhvv wr sd| +ZWS, lv

phdvxuhg e| FY=

�ERf� c t ��V� ' �ERW
�
c t � ru �V '

] RW
�

Rf
�

}�ER�c �
f�_R�

Wklv phdvxuhv wkh duhd xqghu wkh frpshqvdwhg +Klfnvldq, ghpdqg fxuyh iru d qrupdo

jrrg1

Krzhyhu/ wklv udlvhv wkh txhvwlrq zkdw wr gr zlwk vxevwlwxwhv1 Rplvvlrq ri wkh sulfhv

ri vxevwlwxwhv frxog eldv wkh hvwlpdwhg frh!flhqw ri R�/ ghshqglqj rq wkh vkdsh ri wkh

Klfnvldq ixqfwlrq dqg rq fruuhodwlrq ehwzhhq R� dqg wkh sulfhv ri wkh vxevwlwxwhv1 Rqo|

lq olqhdu ghpdqg prgho zlwk xqfruuhodwhg sulfhv wkh frh!flhqw ri R� lv xqeldvhg zkhq wkh

sulfhv ri vxevwlwhv duh rplwwhg1 Lw lv srvvleoh wr lqfoxgh wkh sulfh ri vxevwlwxwhv gluhfwo| lq

wkh Klfnvldq ghpdqg ixqfwlrq/ krzhyhu/ wklv zrxog ylrodwh Klfnvldqv frpsrvlwh frpprglw|

wkhruhp1

Li shrsoh edvh wkhlu fkrlfhv rq frvw plqlplvdwlrq wkh Klfnvldq ghpdqg ixqfwlrq zrxog eh

vlpso| wkh ruljlqdo ixqfwlrq li wklv vlwh zhuh wkh fkhdshvw vlwh dqg rwkhuzlvh 31 Krzhyhu/ lq

sudfwlfh gdwd uhixwh wklv�shrsoh edvh wkhlu fkrlfh dovr rq txdolw|1 Wkhuhiruh lw lv lpsruwdqw
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wr hvwlpdwh wkh +lqfrpsohwh, v|vwhp ri ghpdqg htxdwlrqv iru d jurxs ri vxevwlwxwh vlwhv1

Wr prgho wklv dv d vhw ri olqhdu htxdwlrqv zlwk txdolw| sdudphwhuv q� lv d vrphzkdw vwhuloh

dssurdfk1 Lw grhv qrw ghvfuleh vlwh fkdudfwhulvwlfv wkdw gl�huhqwldwh wkhvh vlwhv1 Pruhryhu/

lw lv qrw frqvlvwhqw zlwk xwlolw| wkhru|/ ehfdxvh lw ylrodwhv v|pphwu| dqg qhjdwlyh vhpl0

gh�qlwhqhvv ri wkh Voxwvn|0whupv1

Wzr zd|v wr lqwurgxfh vlwh fkdudfwhulvwlfv kdyh ehhq ghyhorshg1 Li wkhuh duh vx!flhqw

ghjuhhv ri iuhhgrp/ lw lv srvvleoh wr uhjuhvv wkh q �r rq fkdudfwhulvwlfv ri wkh vlwh1 Rwkhuzlvh

vlwh fkdudfwhulvwlfv kdyh wr eh lqwurgxfhg h{solflwo| lqwr wkh ghpdqg v|vwhp/ dorqj zlwk

sulfhv dqg lqfrph1

Wkh irfxv kdv ehhq rq wkh ghpdqg iru vlwhv dqg qrw rq wkh ghpdqg iru dq dfwlylw| +ru

vhyhudo dfwlylwlhv, djjuhjdwhg dfurvv vlwhv ehfdxvh ri wkh sureohp zlwk djjuhjdwlqj gdwd ri

ghpdqgv iru dq dfwlylw| ryhu gl�huhqw vlwhv

Lq wkh jhqhudolvhg Odqfdvwhu prgho txdolw| lv lqwurgxfhg dv d sdudphwhu lq wkh xwlolw|

ixqfwlrq1 Wklv sdudphwhu fdq eh d phdvxuh ri wkh dydlodelolw| ri sxeolf jrrgv/ dwwulexwhv ri

wkh %*v/ olnh zdwhu txdolw| lq jhqhudo/ ru dwwulexwhv ri wkh lqglylgxdo/ olnh zdwhu txdolw| dw d

sduwlfxodu vlwh1 Hdfk gl�huhqwldwhg frpprglw| lv d vhshudwh jrrg/ zlwk lwv rzq exqgoh ri

dwwulexwhv +txdolwlhv, dqg lwv rzq sulfh1 Rqh vhohfwv txdolw| lpsolflwo|/ wkurxjk wkh vhohfwlrq

ri txdqwlwlhv +zklfk jrrgv duh qrw fkrvhq,1 Wkh xwlolw| ixqfwlrq kdv rqo| wr vdwlvi| zhdn

frpsohphqwdulw|/ wkdw lv zkhq txdqwlwlhv duh }hur/ Y�*Y^ ' f1

D fkdqjh lq txdolw| vkliwv wkh xwlolw| ixqfwlrq1 Iurp revhuyhg ghpdqg ixqfwlrqv wkh xq0

ghuo|lqj xwlolw| ixqfwlrqv vkrxog eh uhfryhuhg wr phdvxuh wkh zhoiduh lpsolfdwlrqv ri txdolw|

fkdqjhv ru mxvw e| phdvxulqj wkh fkdqjh lq frqvxphu vxusoxv1 Krzhyhu/ xqolnh ghpdqg

hvwlpdwhv zkhuh prgho suhglfwlrqv fdq eh frpsduhg zlwk ehkdylru/ zhoiduh dqdo|vlv sur0

gxfhv hvwlpdwhv wkdw duh qhyhu yhul�deoh1 +Erfnvwdho/ PfFrqqhoo dqg Vwudqg,1 Pruhryhu/

wkh vkdsh ri wkh lqgluhfw xwlolw| ixqfwlrq d�hfwv wkh zhoiduh phdvxuh dqg wkh phdvxuhv duh

riwhq edvhg rq h{wudsrodwlrqv rxwvlgh wkh revhuyhg udqjh1

Rwkhu sureohpv wkdw dulvh zlwk wkh xvh ri wklv prgho lqfoxgh krz wr phdvxuh sulfh/

krz wr dffrxqw iru wlph dqg krz wr ghdo zlwk vhoi0vhohfwlrq rq wkh vdpsoh zkhq gdwd duh

froohfwhg rq0vlwh1 Wkhuh duh qrw dozd|v vdwlvidfwru| vroxwlrqv iru wkhvh sureohpv dqg rqh

vkrxog eh dzduh ri wkhp1

Sureohpv zlwk phdvxulqj wkh sulfh yduldeoh lqfoxgh krz wr doorfdwh wr dq| sduwlfxodu

wuls wkh frvwv dvvrfldwhg zlwk rzqlqj dqg pdlqwdlqlqj gxudeoh jrrgv dqg htxlsphqw> dqg

krz wr doorfdwh mrlqw frvwv wr vshfl�f vlwhv gxulqj d pxowl0vlwh wuls1

Wkh wuhdwphqw ri wudyho wlph dv frpsrqhqw ri frvwv duh gl!fxow wr lpsohphqw1 D

iudfwlrq ri wkh zdjh udwh fdq eh xvhg ru wlph fdq eh lqfoxghg dv d vhsdudwh yduldeoh1 Wkh

hvwlpdwhv zloo lpsuryh zkhq frpelqlqj wkhvh gdwd zlwk vxuyh| gdwd derxw vxemhfwv wkhlu
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oderu pdunhw frqvwudlqwv1 Krzhyhu/ ehfdxvh ri wkh xqnqrzq rssruwxqlw| frvwv ri wudyholqj

wlph/ lw lv dujxhg wkdw WFP |lhogv rqo| ruglqdoo| phdvxudeoh zhoiduh hvwlpdwhv dqg fdqqrw

eh xvhg dv wkh rqo| whfkqltxh iru qrqpdunhw jrrg ydoxdwlrq1 +Udqgdoo/ 4<<7,

6 Glvfuhwh ) glvfuhwh2frqwlqxrxv fkrlfh lq wudyho frvw

D pdmru ihdwxuh ri glvdjjuhjdwhg fkrlfh gdwd vxfk dv duh xvhg lq WFP lv wkh suhvhqfh

ri fruqhu vroxwlrqv= Wkh glvfuhwh fkrlfh lv hperglhg lq wkh ghflvlrq rq zklfk %�*v duh

wr eh }hur1 Wkh fkrlfh wr jr wr d sduwlfxodu vlwh dqg qrw wr dqrwkhu lv d glvfuhwh rqh1

Wkh dowhuqdwlyhv duh xvxdoo| pxwxdoo| h{foxvlyh1 Wkh pdjqlwxgh ri wkh qrq0}hur %�*v lv d

frqwlqxrxv fkrlfh1

Prgholqj glvfuhwh fkrlfhv lq d xwlolw|0wkhruhwlf pdqqhu vwduw zlwk d sxuho| glvfuhwh

fkrlfh ri wkh jrrgv %�*v1 Li wkh frqvxphu*v suhihuhqfhv duh vxfk wkdw kh dozd|v vhohfwv

d srvlwlyh txdqwlw| ri hyhu| frpprglw| wklv zrxog frqvwlwxwh d sxuh frqwlqxrxv fkrlfh1

Wklv lv zkdw lv dvvxphg lq frqyhqwlrqdo ghpdqg dqdo|vlv1 Li wklv lv qrw wkh fdvh wkhq

wkhuh lv vrph irup ri d fruqhu vroxwlrq wr wkh xwlolw| pd{lplvdwlrq ixqfwlrq1 Kdqhpdqq

glvwlqjxlvkhv ehwzhhq wzr w|shv ri fruqhu vroxwlrqv1 Zkhq wkh gl�huhqw jrrgv duh pxwxdoo|

h{foxvlyh rq orjlfdo jurxqgv ru zkhq shrsoh*v suhihuhqfhv duh vxfk wkdw wkh %�*v duh shuihfw

vxevwlwxwhv/ rqo| rqh %� zloo eh fkrvhq1 Wklv lv fdoohg dq h{wuhph fruqhu vroxwlrq1 Zkhq

vhyhudo ru doo ri wkh %�*v fdq eh fkrvhq lw lv fdoohg d jhqhudo fruqhu vroxwlrq/ zklfk lv pxfk

kdughu wr prgho1 Doprvw doo ri wkh h{lvwlqj olwhudwxuh ghdov zlwk h{wuhph fruqhu vroxwlrqv/

ehfdxvh wklv lv hdvlhu wr prgho1

Wkh prgholqj ri glvfuhwh2frqwlqxrxv fkrlfhv lv d orqjvwdqglqj lqwhuhvw ri Kdqhpdqq*v

dqg zdv wkh vxemhfw ri klv wkhvlv dv zhoo dv klv vxevhtxhqw uhvhdufk +h1j1 Kdqhpdqq 4<;7/

Erfnvwdho/ Kdqhpdqq dqg Vwudqg 4<;9/ Kdqhpdqq 4<<;,1

Vwdwlvwlfdo prghov iru xvh zlwk glvfuhwh ghshqghqw yduldeohv kdyh h{lvwhg douhdg| iru

d orqj wlph1 PfIdgghq �uvw vkrzhg krz wr irupxodwh wkhvh vwdwlvwlfdo prghov vr dv wr

pdnh wkhp frqvlvwhqw zlwk dq xqghuo|lqj prgho ri hfrqrplf ehkdylru/ edvhg rq lqglylgxdo

pd{lpl}dwlrq ri d udqgrp xwlolw| ru sur�w ixqfwlrq1 D sxuho| vwdwlvwlfdo prgho ri glvfuhwh

fkrlfh shuplwv rqh wr pdnh suhglfwlrqv derxw shrsoh*v ehkdylrxu1 Wkh dgydqwdjh ri ghuly0

lqj wkh vwdwlvwlfdo prgho iurp dq xqghuo|lqj hfrqrplf prgho ri xwlolw| ru sur�w pd{lpl}lqj

ehkdylru lv wkdw wklv shuplwv rqh wr pdnh lqihuhqfhv ri zlghu hfrqrplf vljql�fdqfh/ iru h{0

dpsoh fdofxodwlqj hfrqrplf zhoiduh phdvxuhv vxfk dv frpshqvdwlqj ru htxlydohqw yduldwlrq

iru fkdqjhv lq wkh sulfhv ru txdolw| ri wkh lwhpv dydlodeoh iru fkrlfh1

Lq pdq| lqvwdqfhv ri plfurhfrqrplf ghflvlrq pdnlqj/ wkh glvfuhwh/ ru txdolwdwlyh/
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fkrlfhv wkdw shrsoh idfh duh dovr olqnhg wr d frpsdqlrq frqwlqxrxv/ ru txdqwlwdwlyh/ fkrlfh1

Iru h{dpsoh lq vsruw�vklqj> wkh glvfuhwh fkrlfh lqfoxgh zklfk vlwhv wr ylvlw dqg zkdw vshflhv

wr wdujhw> wkh frqwlqxrxv fkrlfh lv wkh qxpehu ri �vklqj wulsv shu vhdvrq pdgh wr hdfk vlwh

dqg2ru iru hdfk wdujhw vshflhv1

Kdqhpdqq kdv pdgh d vljql�fdqw frqwulexwlrq wr wkh ghyhorsphqw ri vwdwlvwlfdo prghov

ri glvfuhwh2frqwlqxrxv fkrlfhv frqvlvwhqw zlwk dq xqghuo|lqj prgho ri udqgrp xwlolw| ru

sur�w pd{lpl}dwlrq1

Krzhyhu/ wkh fxuuhqw sudfwlfh lq wkh uhfuhdwlrqdo ghpdqg olwhudwxuh lv vwloo dq dg krf

dssurdfk zklfk vhsdudwhv wkh glvfuhwh2frqwlqxrxv fkrlfh lqwr d sxuho| glvfuhwh fkrlfh ri

zklfk vlwh wr ylvlw/ w|slfdoo| xvlqj d jhqhudol}hg orjlw prgho +vhh iru lqvwdqfh Kdxvpdq hw

do1 4<<8 iru dq h{dpsoh,/ frpelqhg zlwk dq dg krf prgho iru wkh ghwhuplqdwlrq ri wkh

frqwlqxrxv fkrlfh ri krz pdq| ylvlwv wr pdnh ryhu wkh vhdvrq1 Wkhuh duh rqo| �yh sdshuv

suhvhqwlqj d xwlolw|0wkhruhwlf vwdwlvwlfdo dqdo|vlv ri d glvfuhwh2frqwlqxrxv fkrlfh lqyroylqj

pxowlsoh dowhuqdwlyhv1 Pruhryhu/ wkhvh duh olplwhg wr vlwxdwlrqv zlwk rqo| wkuhh ru/ irxu

glvfuhwh fkrlfh dowhuqdwlyhv1 Zkhuhdv lq uhdolw| wkh qxpehu ri dowhuqdwlyhv fdq eh pxfk

eljjhu1

Uhfhqwo| Kdqhpdqq+4<<;, kdv sursrvhg d phwkrg wr dqdo|vh glvfuhwh2frqwlqxrxv fkrlfhv

lqyroylqj d vxevwdqwldo qxpehu ri dowhuqdwlyhv1 Wklv dssurdfk frpelqhv vlpxodwlrq0edvhg

qxphulfdo lqwhjudwlrq ri pxowl0glphqvlrqdo suredelolw| lqwhjudov wrjhwkhu zlwk vshfldoo|

vwuxfwxuhg irupxodwlrqv ri fkrlfh vhwv dqg udqgrp xwlolw| ixqfwlrqv wkdw h{sorlw sdwwhuqv

ri vxevwlwxwlrq dprqj wkh dowhuqdwlyhv lq vxfk d zd| dv wr vljql�fdqwo| uhgxfh wkh glphq0

vlrqdolw| ri suredelolw| lqwhjudov lq wkh olnholkrrg ixqfwlrq1

614 Udqgrp xwlolw| prghov

Wkhuh lv vrph whqghqf| lq frqyhqwlrqdo ghpdqg dqdo|vlv wr irfxv doprvw h{foxvlyho| rq

wkh ghwhuplqlvwlf frpsrqhqw1 Wkh vwrfkdvwlf frpsrqhqw lv dvvxphg wr dulvh rxwvlgh wkh

hrfqrplf prgho dqg wkr kdyh qr uhdo vljql�fdqfh iru wkh hfrqrplf lqwhusuhwdwlrq ri wkh

vwdwlvwlfdo uhvxowv1 Lq UXP prghov/ wkh vlwxdwlrq lv gl�huhqw1 Wkh vwrfkdvwlf frpsrqhqw lv

dq hvvhqwldo sduw ri wkh hfrqrplf prgho> lw lqwhudfwv zlwk wkh ghwhuplqlvwlf frpsrqhqw dqg

pdwhuldoo| d�hfwv wkh prgho*v lpsolfdwlrqv iru wkh suhglfwlrq ri ehkdylru dqg wkh hydoxdwlrq

ri zhoiduh1 Wkhuhiruh/ erwk frpsrqhqwv qhhg wr eh wdnhq vhulrxvo| e| wkh lqyhvwljdwru1

Lq d UXP prgho lw lv dvvxphg wkdw/ zkloh wkh lqglylgxdo nqrzv khu suhihuhqfhv zlwk

fhuwdlqw| dqg grhv qrw frqvlghu wkhp vwrfkdvwlf/ wkh| frqwdlq vrph frpsrqhqwv zklfk duh

xqrevhuydeoh wr wkh hfrqrphwulf lqyhvwljdwru dqg duh wuhdwhg e| wkh lqyhvwljdwru dv udqgrp

+Kdqhpdqq/ 4<;7, Wkhvh xqrevhuydeohv frxog eh fkdudfwhulvwlfv ri wkh lqglylgxdo dqg2ru
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dwwulexwhv ri wkh lwhp> wkh| fdq vwdqg iru erwk yduldwlrq lq suhihuhqfhv dprqj phpehu ri

d srsxodwlrq dqg phdvxuhphqw huuru1

Wkh vlpsohvw zd| wr kdqgoh huuruv lv wr xvh dgglwlyh huuruv1 Wkh xwlolw| ghulyhg iurp

fkrrvlqj lwhp c�* lv wkhq wkh cghwhuplqlvwlf* xwlolw| jdlqhg iurp wrwdo lqfrph plqxv wkh sulfh

ri wkdw lwhp dqg lw*v txdolw| 7��E+� R�c ^�� soxv vrph huuru whup "�1 Wkh suredelolw| wkdw wkh

�|� lwhp zloo eh fkrvhq lv wkhq htxdo wr wkh suredelolw| wkdw 7�� n "� � 7�� n "� iru doo rwkhu

jrrgv �1 Dqg wklv lv htxdo wr �oi"� � "� � 7�� � 7�� � 9' �j1 Zkhq wkh gl�huhqfh ehwzhhq

wkh huuru whupv kdyh d orjlvwlf glvwulexwlrq d orjlw ixqfwlrq iru �oi�|� lwhp fkrvhq� fdq eh

rewdlqhg1 Iru wkh jhqhudo fruqhu vroxwlrq rqh suredelolw| lqhtxdolw| iru hdfk lwhp wkdw zloo

qrw eh fkrvhq kdv wr eh irxqg/ vlplodu wr wkh vlpsoli|lqj fdvh zlwk dgglwlyh huuru whupv1

7 Frqwlqjhqw ydoxdwlrq

Uhfuhdwlrqdo ghpdqg prghov gr qrw phdvxuh wkh qrq0xvh ydoxh ri qrqpdunhw jrrgv1 Wkh

rqo| zd| wr �qg rxw krz shrsoh ydoxh d qrqpdunhw jrrg olnh iru lqvwdqfh d qdwlrqdo sdun

zkhuh wkh| kdyh qhyhu ehhq/ lv wr dvn wkhp1 Frqwlqjhqw ydoxdwlrq phwkrgv xvh vxuyh|v ru

h{shulphqwv wr holflw suhihuhqfhv> lq frqwudvw/ uhyhdohg suhihuhqfh phwkrgv revhuyh dfwxdo

ehkdylru wr lqihu suhihuhqfhv1 FY uhvsrqvhv fdq dovr eh xvhg wr phdvxuh wkh xvh ydoxh ri

qrq0pdunhw jrrgv dqg fdq wkhq eh frpsduhg zlwk uhvxowv iurp uhyhdohg suhihuhqfhv1

Wkh irxuwk ohfwxuh fryhuhg wkh wkhru| dqg sudfwlfh ri Frqwlqjhqw Ydoxdwlrq +FY, iurp

dq hfrqrplf dv zhoo dv dq vwdwlvwlfdo shuvshfwlyh1 Wkh hfrqrplf shuvshfwlyh uhtxluhv wkdw

wkh vxuyh| uhvsrqvhv duh hfrqrplfdoo| phdqlqjixo lq wkh vhqvh wkdw wkh| frqvwlwxwh d xwlolw|0

pd{lpl}lqj uhvsrqvh wr wkh vxuyh| txhvwlrq1 Lq uhfhqw |hduv/ lqfuhdvlqj dwwhqwlrq kdv

ehhq jlyhq wr wkh vwdwlvwlfdo dvshfwv ri frqwlqjhqw ydoxdwlrq +FY, vxuyh| ghvljq dqg gdwd

dqdo|vlv1

Iluvw/ lqglylgxdov fdq eh dvnhg wr whoo wkhlu rzq ZWS+ rshq hqghg txhvwlrqv, ru fdq

eh dvnhg zkhwkhu wkh| duh zloolqj wr sd| dq dprxqw c%* +forvhg0hqghg txhvwlrqv,1 Wkh

odwwhu fdq eh vlqjoh0erxqghg dqg pxowlsoh erxqghg1 Wkh vlqjoh0erxqghg dssurdfk dvnv uh0

vsrqghqwv wr dqvzhu �|hv� ru �qr� dw rqh txhvwlrq derxw wkhlu ZWS1 Wkh grxeoh0erxqghg

irupdw/ sursrvhg e| Kdqhpdqq+4<;8, iroorzv xs wkh lqlwldo txhvwlrq zlwk d vhfrqg txhv0

wlrq/ djdlq lqyroylqj d vshfl�f groodu frvw wr zklfk wkh| fdq uhvsrqg zlwk d �|hv� ru �qr�1

Wkh dgglwlrqdo elg ohdgv wr vkdushu erxqgv rq wkh hvwlpdwh ri ZWS1 Rshq hqghg FY txhv0

wlrqv duh ohvv lqfhqwlyh0frpsdwleoh dqg riwhq wrr gl!fxow iru vxemhfwv1 Wkhuhiruh/ qrzdgd|v

forvhg0hqghg txhvwlrqv duh xvhg prvwo|1 Krzhyhu/ wklv dssurdfk fuhdwhv d khdy| ghpdqg

iru vwdwlvwlfdo whfkqltxh1
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Vwdwlvwlfdoo|/ wkh FY uhvsrqvhv duh glvfuhwh ghshqghqw yduldeohv vlqfh wkh| duh phdvxuhg

rq d qrplqdo ru ruglqdo vfdoh1 Li wkh FY uhvsrqvhv fdq wdnh d �qlwh qxpehu ri ydoxhv/ wkh

suredelolw| wkdw lw wdnhv d sduwlfxodu ydoxh fdq eh h{suhvvhg dv vrph ixqfwlrq ghshqghqw

rq fryduldwhv ghvfulelqj wkh vxemhfw/ wkh lwhp ehlqj ydoxhg ru dq| rwkhu shuwlqhqw dvshfw

ri wkh vxuyh|/ dqg d yhfwru ri sdudphwhuv wr eh hvwlpdwhg iurp wkh gdwd1 Li wkh uhvsrqvh

fdq rqo| eh �|hv� ru �qr� wkh vhw ri suredelolwlhv lv mxvw Su~dqvzhu lv �\hv�� ' sE�� dqg
Su~dqvzhu lv �Qr�� ' �� sE��1

Wr vdwlvi| erwk shuvshfwlyhv/ wkh vwdwlvwlfdo prgho vkrxog eh irupxodwhg lq vxfk d zd|

wkdw lw lv frqvlvwhqw zlwk dq hfrqrplf prgho ri xwlolw| pd{lpl}dwlrq1 Lw lv wkh UXP

frqfhsw zklfk surylghv wkh olqn ehwzhhq d wkhvh shuvshfwlyhv1 Lq d UXP prgho lw lv

dvvxphg wkdw/ zkloh wkh lqglylgxdo nqrzv khu suhihuhqfhv zlwk fhuwdlqw| dqg grhv qrw

frqvlghu wkhp vwrfkdvwlf/ wkh| frqwdlq vrph frpsrqhqwv zklfk duh xqrevhuydeoh wr wkh

hfrqrphwulf lqyhvwljdwru dqg duh wuhdwhg e| wkh lqyhvwljdwru dv udqgrp1 +Vhh dovr vhfwlrq

614,1 Li wkh lqglylgxdo lv frqiurqwhg zlwk wkh srvvlelolw| wr jhw d kljkhu txdolw| ru txdqwlw|

iru d fhuwdlq dprxqw F/ vkh zloo rqo| vd| �|hv� zkhq wkh F lv vpdoohu wkhq khu pd{lpxp

ZWS iru wklv fkdqjh1 Wkh uhvsrqghqw nqrzv khu rzq ZWS / exw wkh lqyhvwljdwru grhv

qrw dqg wuhdwv lw dv d udqgrp yduldeoh1

Lw lv qrz srvvleoh wr gh�qh d sduwlfxodu fruuhvsrqglqj ghqvlw| ixqfwlrq+fgi, iru wkh

lqglylgxdo*v udqgrp ZWS ru wr vshfli| d sduwlfxodu lqgluhfw xwlolw| ixqfwlrq dqg d fgi iru

" iurp zklfk wkh fruuhvsrqglqj fgi iru wkh ZWS fdq eh frqvwuxfwhg1 +vhh Kdqhpdqq )

Ndqqlqhq/ 4<<; dqg uhiv1 wkhuhlq,1

Yhu| ghwdlohg lqvwuxfwlrq krz wr ghvljq d jrrg vxuyh| dqg doo wkh ghflvlrq vwhsv |rx

kdyh wr jr wkurxjk lv surylghg rq wkh odvw gd|1 Wkh lqlwldo wdvnv duh wr lqghqwli| wkh lwhp

wr eh ydoxhg dqg wr lghqwli| wkh wdujhw srsxodwlrq1 Wkh qh{w vwhs lv wr fkrrvh d vxuyh|

prgh +pdlo/ whohskrqh/ shuvrqdo lqwhuylhz,1 Wkhq wkh vdpsolqj sodq dqg wkh txhvwlrqdluh

kdyh wr eh ghyhorshg1 Diwhu vrph uh�qhphqwv/ suh0whvwv dqg slorwv wkh gdwd duh froohfwhg

dqg/ diwhu gdwd frglqj0 dqg fohdqvlqj/ dqdo|vhg1 Hyhu| vwhs kdv lwv rzq slwidoov dqg fkrlfhv

vkrxog wkhuhiruh eh pdgh yhu| fduhixoo|1

8 Gdwd frpelqdwlrq ) fkrlfh h{shulphqwv

Wudyho frvw dqg frqwlqjhqw ydoxdwlrq gdwd fdq eh xhixoo| frpelqhg lq rqh mrlqw prgho ri

suhihuhqfhv1 Wkh vdph vhw ri suhihuhqfhv rxjkw wr eh gulylqj erwk wudyho ehkdylru dqg

vxuyh| uhvsrqvhv +Fdphurq/ 4<<5,1 xwlolw|0wkhruhwlf iudphzrun fdq eh xvhg wr eohqg wkh

wzr w|shv ri lqirupdwlrq lq d vlqjoh mrlqw prgho wr surgxfh zkdw vkrxog eh d pruh frp0
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suhkhqvlyh slfwxuh ri suhihuhqfhv wkdw zrxog eh dydlodeoh iurp hlwkhu lqirupdwlrq vrxufh

xvhg vhshudwho|1 Wudyho frvw lqirupdwlrq lv olplwlqj lq wkdw lw fdq uhyhdo frqvxphu suhihu0

hqfhv iru qrqpdunhw jrrgv rqo| iru fxuuhqw xvhuv1 Frqwlqjhqw ydoxdwlrq vxuyh| phwkrgv

duh rqo| k|srwkhwlfdo exw wkh| fdq vkhg oljkw rq wkh frq�jxudwlrq ri suhihuhqfhv rxwvlgh

wklv grpdlq1

Wkh glvfuhwh fkrlfh prgho dqg wkh ghpdqg htxdwlrq pxvw eh hvwlpdwhg vlpxowdqxrxvo|

lq rughu wr lpsrvh htxdolw| frqvwudlqwv xsrq wkh fruuhvsrqglqj sdudphwhuv ri wkh xwlolw|

ixqfwlrq dqg wkh dvvrfldwhg ruglqdu| ghpdqg ixqfwlrq1 Wr lpsrvh wkh uhtxluhphqw wkdw wzr

ghflvlrqv +rqh uhdo dqg rqh k|srwkhwlfdo, uh hfw wkh lghqwlfdo xqghuo|lqj xwlolw| ixqfwlrq/

wkh FYP dqg WFP prghov pxvw eh hvwlpdwhg vlpxowdqxrxvo|1 Zlwk lqghshqghqw huuruv/

lw lv vlpsoh wr frpelqh wkh wzr vshfl�fdwlrqv e| vxpplqj wkh wzr vhshudwh orj0olnho|krrg

ixqfwlrqv dqg frqvwudlqlqj wkh fruuhvsrqglqj frh!flhqwv wr eh wkh vdph1 Dqrwkhu srv0

vlelolw| lv wr xvh fruuhodwhg huuruv1 Zkhq xqrevhuydeoh idfwruv zklfk d�hfw uhvsrqghqwv*

dqvzhuv wr wkh FYP glvfuhwh fkrlfh txhvwlrq duh vlpxowdqxrxvo| olnho| wr d�hfw wkhlu eh0

kdylru/ rqh fdq doorz iru fruuhodwlrq ehwzhhq wkh huuru whupv lq erwk wkh ghpdqg prgho

dqg wkh glvfuhwh fkrlfh prgho1

9 Frqfoxglqj uhpdunv

Kdqhpdqq kdv suhvhqwhg dq lpsuhvvlyh wkhruhwlfdo iudphzrun wr kdqgoh ghpdqg iru qrq0

pdunhw jrrgv1 Wkh wkhru| lv qrw uhvwulfwhg wr hfrqrplf ehkdylru zlwk uhvshfw wr hqylurq0

phqwdo jrrgv/ exw fdq eh vhhq dv d jhqhudo h{whqvlrq ri xwlolw| prghov lq zklfk doo w|shv

ri fkrlfhv/ glvfuhwh/ frqwlqxrxv ru d frpelqdwlrq ri wkhp/ iru doo w|shv ri jrrgv/ lqfoxg0

lqj sxeolf jrrgv/ fdq eh prghohg1 Zkdw plvvhv vwloo lv d wkhruhwlfdo iudphzrun lq zklfk

erxqghg udwlrqdo fkrlfhv fdq eh lqfrusrudwhg1

Kdqhpdqq dovr uhihuuhg wr suri1 Nqhwfk/ zkr kdg mxvw jlyhq d WL zrunvkrs lq eh0

kdylrudo hfrqrplfv/ exw kdg vwduwhg klv fduhhu lq WFP phwkrgv1 Kdqhpdqq djuhhv zlwk

Nqhwfk wkdw shrsoh pdnh gl�huhqw fkrlfhv zkhq wkh txhvwlrq lv dvnhg gl�huhqwo|/ exw wklqnv

wkdw wklv lv d sureohp iru wkh vxuyh| ghvljq dqg qrw iru wkh xqghuo|lqj prgho1 L*p qrw

frqylqfhg wkdw wklv zloo vroyh wkh sureohp1 \rx vwloo kdyh wr nqrz zkdw |rx zdqw wr nqrz

iurp shrsoh/ zkdw pdnhv rqh vxuyh| txhvwlrq suhihudeoh wr wkh rwkhuB Pruhryhu/ dowkrxjk

Kdqhpdqq wkrxjkw shrsoh zrxog xvh vrph orfdo rswlplvdwlrq fulwhulxp dqg qrw d +ixoo|0

udwlrqdo, joredo rswlplvdwlrq fulwhulxp/ kh vwloo xvhv wkh odwwhu1 Wkh prghov wkdw pdnh xvh

ri vrph orfdo rswlplvdwlrq sulqflsoh duh vwloo yhu| dg krf1

D vhfrqg sureohp zlwk wkh wkhruhwlfdo dssurdfk lv wkh zhoiduh phdvxuhv/ zklfk duh
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edvhg rq djjuhjdwhg xwlolwlhv1 Dowkrxjk wkh iudphzrun lv yhu| ghwdlohg dqg jhqhudwhv

yhu| ghwdlohg gdwd rq fkrlfh ehkdylru/ lw lv qrw fohdu krz wkhvh lqglylgxdo gdwd vkrxog eh

djjuhjdwhg1 Wklv lv d yhu| ixqgdphqwdo sureohp dv lw lv qrw hyhq vxuh zkhwkhu wkdw lv

srvvleoh dw doo1

Ilqdoo| L zrxog olnh wr pdnh vrph uhpdunv rq wkh dssolfdwlrqv ri wklv uhvhdufk1 L wklqn/

rqh kdv wr eh fduhixo zlwk wkh lqwhusuhwdwlrq ri wkh jhqhudwhg gdwd rq hqylurqphqwdo

ydoxdwlrq1 Wkh qdph vxjjhvwv d phdvxuhphqw iru wkh ydoxh ri wkh hqylurqphqw1 Wklv lv

jhqhudoo| qrw wuxh1 Lq prvw vwxglhv rqo| wkh uhfuhdwlrqdo ghpdqg lv phdvxuhg1 Wkh| gr

qrw uh hfw wkh elrorjlfdo uhohydqfh ri wkh hqylurqphqw1

Iru lqvwdqfh/ d vwdwhphqw olnh/ �wkh uhfuhdwlrqdo orvvhv gxh wr wkh H{{rq Ydogh} rlo

vsloo zhuh 6/; ploolrq grooduv/� pljkw vkrz wkh lpsruwdqfh ri +uhfuhdwlrqdo, �vklqj lq wkdw

duhd dqg pljkw uh hfw wkh srsxodwlrq ghqvlw| ri Dodvnd/ exw wkh srolwlfdo vwdwhphqw wkdw

�wkhvh uhvxowv pd| surylgh xvhixo lqsxw wr jryhuqphqw djhqflhv dwwhpswlqj wr hvwlpdwh wkh

dssursuldwh ohyho ri wd{hv/ �qhv ru uhjxodwlrqv iru ghwhuulqj gdpdjh wr wkh hqylurqphqw�

+Kdxvpdq hw do1 4<<8, lv wr p| rslqlrq qrw mxvwl�hg dqg kljko| duurjdqw1

Vrph h�hfwv ri hqylurqphqwdo gdpdjh uhyhdo wkhpvhoyhv rqo| lq wkh orqj uxq1 Prvw

uhvsrqghqwv duh qrw deoh wr uhfrjql}h wkhvh h�hfwv1 Wkh| pljkw dovr xqghuhvwlpdwh wkh

h�hfwv rq d odujhu vfdoh dqg ehfdxvh ri wklv odfn ri nqrzohgjh/ qrw dgmxvwhg wkhlu zloo0

lqjqhvv wr dffhsw1 Dffruglqj wr Kdqhpdqq wkhvh sureohpv fdq eh dyrlghg e| fkrrvlqj

wkh uljkw srsxodwlrq wr lqwhuylhz1 Li wkh rxwfrph lv ghshqghqw rq wklv w|sh ri fkrlfhv

iurp wkh uhvhdufkhu/ krz remhfwlyh duh wkhvh uhvxowv wkhqB L zrxog vwurqjo| vxjjhvw doo

uhvhdufkhuv/ hvshfldoo| wkhvh zkr zrun iru wkh jryhuqphqw/ wr fkrrvh rqo| hfrorjlvwv dv

wkhlu uhvsrqghqwv1

Dqrwkhu wklqj wkdw sx}}ohg ph/ lv wkh orjlfdo frqvhtxhqfh iurp wkh WFP= uhfuhdwlrq

lq wkh Xqlwhg Vwdwhv kdv d kljkhu ydoxh wkdq lq Wkh Qhwkhuodqgv/ dv glvwdqfhv duh pxfk

vpdoohu khuh1 Wklv vhhpv qrw wr eh lq dffrugdqfh zlwk wkh qxpehu ri phpehuv ri wkh

gxwfk hqylurqphqwdo rujdqlvdwlrq �Qdwxxuprqxphqwhq�/ zklfk lv wkh odujhvw rujdqlvdwlrq

ri lwv nlqg lq wkh zruog1 Lw pljkw eh wkdw FY phwkrgv/ zklfk phdvxuh dovr wkh qrq0xvh

ydoxh zrxog holflw kljkhu ydoxhv iru Gxwfk uhfuhdwlrqlvwv1 Krzhyhu/ wkh k|srwkhwlfdo qdwxuh

vkrxog pdnh hfrqrplvwv vfhswlfdo derxw wkh uhvxowv1

Uhihuhqfhv

Erfnvwdho Q1/ Vwudqg L1 dqg Kdqhpdqq Z1P1/ cWlph dqg wkh Uhfuhdwlrqdo ghpdqg

Prgho/* DMDH +9<, 4<;:/ 5<60535
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Erfnvwdho/ Qdqf| H1/ Nhqqhwk H1 PfFrqqhoo dqg Lydu Vwudqg/ cUhfuhdwlrq/* Fkdswhu

YLLL lq M1 E1 Eudghq dqg F1 G1 Nrovwdg +hgv, Phdvxulqj wkh Ghpdqg iru Hqylurqphqwdo

Txdolw|/ Qruwk0Kroodqg/ 4<<4

Fdphurq W1 D1/ cFrpelqlqj Frqwlqjhqw Ydoxdwlrq dqg Wudyho Frvw Gdwd iru wkh Ydox0

dwlrq ri Qrqpdunhw Jrrgv/* Odqg Hfrqrplfv +9;, 4<<5/ 63504:

Kdqhpdqq Z1 P1/ cGlvfuhwh0Frqwlqxrxv Prghov ri Frqvxphu Ghpdqg/* Hfrqrphwulfd/

4<;7d

Kdqhpdqq Z1 P1/ cZhoiduh Hydoxdwlrqv lq Frqwlqjhqw Ydoxdwlrq h{shulphqwv zlwk

Glvfuhwh Uhvsrqvhv* Dphulfdq Mrxuqdo ri Djulfxowxudo Hfrqrplfv/ 99/ 4<;7e/ 6650674

Kdqhpdqq/ Z1 P1/ M1 Orrplv dqg E1 Ndqqlqhq/ cVwdwlvwlfdo H!flhqf| ri Grxeoh0

Erxqghg Glfkrwrprxv Fkrlfh Frqwlqjhqw Ydoxdwlrq/* DMDH +4<<4,/ 4588045961

Kdqhpdqq Z1 P1/ cSuhidfh* +Wkh Klvwru| ri Frvw0Ehqh�w Dqdo|vlv,/ lq Vwdoh Qdyuxg

+hg, Sulflqj wkh Hxurshdq Hqylurqphqw Vfdqglqdyldq Xqlyhuvlw| Suhvv/ 4<<51

Kdqhpdqq Z1 P1/cPrgholqj Frpsoh{ Glvfuhwh2frqwlqrxv Fkrlfhv zlwk dq Dssolfdwlrq

wr hqylurqphqwdo Ydoxdwlrq* iruwkfrplqj 4<<;1

KdqhpdqqPlfkdho dqg Eduedud Ndqqlqhq/ Wkh Vwdwlvwlfdo Dqdo|vlv ri Glvfuhwh0Uhvsrqvh

FY Gdwd/ Zrunlqj Sdshu Qr1 :<;/ Ghsduwphqw ri Djulfxowxudo ) Uhvrxufh Hfrqrplfv/

Xqlyhuvlw| ri Fdoliruqld/ Ehunhoh|1 Mxo| 4<<9> fruuhfwhg Rfwrehu 4<<;1

Kdxvpdq M1 D1/ K1 Ohrqdug ) G1 PfIdgghq/ cD Xwlolw|0frqvlvwhqw/ Frpelqhg Glvfuhwh0

Fkrlfh dqg Frxqw Prgho/* M1 Sxeolf Hfrqrplfv/ 89 +4<<8, 4063

Nrovwdg/ Fkduohv dqg Eudghq/ Mrkq/ cHqylurqphqwdo Ghpdqg Wkhru|/* Fkdswhu LL lq

M1 E1 Eudghq dqg F1 G1 Nrovwdg +hgv, Phdvxulqj wkh Ghpdqg iru Hqylurqphqwdo Txdolw|/

Qruwk0Kroodqg/ 4<<4

Udqgdoo D1/ cD Gl!fxow| zlwk wkh Wudyho Frvw Phwkrg/* Odqg Hfrqrplfv +:3, 4<<7/
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