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Abstract

This paper uses a structural model of household optimization to organize
a non-parametric investigation of household consumption behavior. Using
detailed household-level data from the Consumer Expenditure Survey, the
level of consumption is estimated as a function of the household's state
variables. Nonparametric estimation that corrects for mismeasurement of
current liquid assets yields estimated consumption functions that are concave
in current liquid assets, as implied by economic theory when consumption is
not fully insured.
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41 Lqwurgxfwlrq

Vlqfh Kdoo +4<:;,/ frqvxphu ehkdylru dqg dvvhw sulflqj kdyh ehhq hydoxdwhg pdlqo|

zlwklq wkh frqwh{w ri whvwlqj dqg hvwlpdwlrq ri wkh krxvhkrog lqwhu0whpsrudo �uvw0

rughu frqglwlrq/ ru frqvxpswlrq Hxohu htxdwlrq=4
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Wklv htxdwlrq uhsuhvhqwv d qhfhvvdu| frqglwlrq iru wkh fdqrqlfdo vwuxfwxudo prgho ri

krxvhkrog rswlpl}dwlrq wr eh wuxh1 Dv Kdoo +4<:;, srlqwhg rxw wkh Hxohu htxdwlrq

ri wklv prgho zlwk udwlrqdo h{shfwdwlrqv lpsolhv wkdw +dssursuldwho| glvfrxqwhg,

wkh pdujlqdo xwlolw| ri frqvxpswlrq lv d Pduwlqjdoh1 Wkxv prvw vwxglhv ri frq0

vxphu ehkdylru ryhu wkh sdvw 2f |hduv kdyh hydoxdwhg wkh wkhru| e| fkrrvlqj d

xwlolw| ixqfwlrq +shukdsv iurp d sdudphwulf fodvv, vr wkdw wkh h{shfwdwlrqv huuruv�

frqvwuxfwhg e| xvlqj uhdol}dwlrqv lqvwhdg ri h{shfwdwlrqv lq htxdwlrq +414,� duh

ruwkrjrqdo wr dq|wklqj nqrzq wr wkh frqvxphu dw wlph |1 Wr wkh h{whqw wkdw wklv lv

srvvleoh/ zh fdq ohduq derxw frqvxphu ehkdylru iurp wkh hvwlpdwhg pdujlqdo xwlolw|

ixqfwlrq1 Wr wkh h{whqw wkdw wklv lv qrw srvvleoh/ wkh wkhru|/ ru lwv dssur{lpdwlrq/

fdq eh uhmhfwhg1

Eurdgo| vshdnlqj/ vhyhudo vw|ol}hg idfwv kdyh hphujhg iurp wkh hvwlpdwlrq ri

frqvxpswlrq Hxohu htxdwlrqv1 Iluvw/ wkh vlpsoh/ fdqrqlfdo prgho ri d uhsuhvhqwdwlyh

krxvhkrog lv uhmhfwhg e| djjuhjdwh gdwd15 Zkloh wklv frxog eh gxh wr wkh idloxuh

ri wklv fodvv ri rswlpl}dwlrq sureohpv wr fdswxuh krxvhkrog ehkdylru/ wkhuh duh

rwkhu h{sodqdwlrqv1 Suhihuhqfhv ri wkh uhsuhvhqwdwlyh djhqw pd| eh qrq0vhsdudeoh

dprqj d srwhqwldoo| odujh qxpehu ri rwkhu dfwlylwlhv vxfk dv oderu vxsso|/ zrun

dw krph/ dqg oderu pdunhw vhdufk wr qdph d ihz1 Dowhuqdwlyho|/ ru dgglwlrqdoo|/

krxvhkrogv pd| lq idfw eh pruh khwhurjhqhrxv wkdq wkh fdqrqlfdo prgho doorzv

4Wkh qrwdwlrq lv vwdqgdug= x+=, lv dq lqwhu0whpsrudoo| vhsdudeoh xwlolw| ixqfwlrq> F lv h{shq0

glwxuhv rq qrqgxudeoh jrrgv> � lv wkh glvfrxqw idfwru> Hw lv wkh h{shfwdwlrqv rshudwru frqglwlrqdo

rq doo lqirupdwlrq dydlodeoh lq wlph shulrg w dqg �Uw uhsuhvhqwv wkh jurvv uhwxuq rq lqyhvwphqw lq

dq| dvvhw ehwzhhq w dqg w. 41
5Vhh iru h{dpsoh Kdqvhq dqg Vlqjohwrq +4<;6, dqg Fdpsehoo dqg Pdqnlz +4<;<,1
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dqg wkxv djjuhjdwlrq dfurvv krxvhkrog lv wkh fdxvh ri wklv uhmhfwlrq16 Ilqdoo|/

wkh dvvxpswlrqv rq pdunhw frpsohwhqhvv pd| eh lqfruuhfw/ vr wkdw djjuhjdwlrq

frqvxpswlrq grhv qrw vdwlvi| wkh vlpsoh djjuhjdwh Hxohu htxdwlrq17 Lq rughu wr

glvwlqjxlvk dprqj wkhvh dowhuqdwlyh h{sodqdwlrqv/ rqh pxvw wxuq wr wkh vwxg| ri

krxvhkrog ehkdylru lqvwhdg ri djjuhjdwh gdwd1

Wkh vhfrqg vw|ol}hg idfw lv wkdw krxvhkrog ehkdylru lv qrw frqvlvwhqw zlwk lq0

vxudqfh ri ulvn wkdw d�hfwv frqvxpswlrq dfurvv krxvhkrogv ru jurxsv ri krxvhkrogv

+Qhovrq +4<<7,/ Frfkudqh +4<<4,/ dqg Dwwdqdvlr dqg Gdylv +4<<9,,1 Wklv frqvwl0

wxwhv vrph hylghqfh lq idyru ri wkh sursrvlwlrq wkdw wkh uhmhfwlrq ri wkh djjuhjdwh

Hxohu htxdwlrq lv gxh wr wkh odfn ri frpsohwh pdunhwv1

Wklug/ dw wkh krxvhkrog ohyho/ zkhuh/ gxh wr phdvxuhphqw huuru lq frqvxps0

wlrq/ zh duh irufhg wr whvw d olqhdul}hg yhuvlrq ri wkh frqvxpswlrq Hxohu htxdwlrq/

d vlpsoh prgho lv wrr vlpsoh1 E| whvwlqj wkh Hxohu htxdwlrq rq krxvhkrog ohyho

gdwd/ djjuhjdwlrq dfurvv khwhurjhqhrxv suhihuhqfh jurxsv fdq eh uxohg rxw dv dq

h{sodqdwlrq iru wkh uhmhfwlrq ri wkh vlpsoh prgho1 Krzhyhu/ wkhuh lv vwloo vljql�fdqw

ghedwh dv wr wkh vrxufh ri wklv uhmhfwlrq1 Sodxvleoh fdqglgdwh lqfoxgh khwhurjhqhlw|

ri suhihuhqfhv +Dwwdqdvlr dqg Zhehu +4<<8,,/ rplwwhg frqvwudlqwv +]hoghv +4<;<d,,/

ru idloxuh ri wkh olqhdul}dwlrq ri wkh Hxohu htxdwlrq wr dssur{lpdwh dfwxdo ehkdylru

+Fduuroo +4<<:,,1 Jlyhq wklv vwdwh/ fxuuhqw prghov ri djjuhjdwh frqvxpswlrq w|sl0

fdoo| surfhhg dv li wkh vlpsohvw fdqrqlfdo prgho ri d uhsuhvhqwdwlyh krxvhkrog zhuh

wuxh1

Lqvwhdg ri hvwlpdwlqj dq Hxohu htxdwlrq/ wklv sdshu +uh,wxuqv wr vwxg|lqj frq0

vxphu ehkdylru e| hvwlpdwlqj krxvhkrog frqvxpswlrq ixqfwlrqv18 Dv lq wkh rog0

vw|oh frqvxpswlrq ixqfwlrq hvwlpdwlrq wkdw zdv exlow durxqg Prgljoldql dqg Euxp0

ehuj +4<89, dqg Iulhgpdq +4<8:,/ dqg xqolnh prghuq Hxohu0htxdwlrq whvwlqj/ wklv

uhtxluhv d frpsohwh dqg/ lq sudfwlfh/ vsduvh vshfl�fdwlrq ri wkh djhqw*v hqylurqphqw1

Wkdw lv/ zkhuhdv wkh fxuuhqw olwhudwxuh pxvw pdnh dvvxpswlrqv rq vwuxfwxudo vwdelo0

6Wklv olqh lv dujxhg e| Dwwdqdvlr dqg Zhehu +4<<6, dqg Ylvvlqj0Mrujhqvhq +4<<;, iru h{dpsoh1
7Wklv olqh lv dujxhg e| Fdedoohur +4<<3, dqg Fduuroo +4<<5, iru h{dpsoh1
8Jurvv +4<<7, wdnhv d vlplodu wdfn wr h{dplqh �up*v lqyhvwphqw srolf| ixqfwlrqv1
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lw| dqg revhuydelolw|/ L pxvw djdlq dgrsw d odujh qxpehu ri }hur uhvwulfwlrqv1 Wkhuh

duh krzhyhu vhyhudo dgydqwdjhv wkdw pdnh uh0hvwlpdwlqj frqvxpswlrq ixqfwlrqv ri

lqwhuhvw1

Iluvw/ xqolnh wkh rog0vw|oh frqvxpswlrq ixqfwlrqv/ wklv sdshu fdq pdnh xvh ri

wkh dgydqfhv pdgh gxulqj wkh sdvw wzhqw| |hduv ri vwxg|lqj frqvxpswlrq1 Wkh

hvwlpdwlrq lv vwuxfwxuhg durxqg d prgho exlow wr eh frqvlvwhqw zlwk uhfhqw hpslu0

lfdo �qglqjv dqg lv hydoxdwhg lq sduw zlwk uhihuhqfh wr uhfhqw fkdudfwhul}dwlrqv ri

frqvxphu ehkdylru xqghu xqfhuwdlqw|1 Vhfrqg/ wkh frqvxpswlrq ixqfwlrq lv ghulyhg

iurp d zhoo0vshfl�hg krxvhkrog ghflvlrq sureohp/ pdnlqj h{solflw wkh h{foxvlrqv

wkdw duh pdgh lq wkh vwuxfwxudo prgho1 Zkloh wkh frpsohwh hqylurqphqw ri wkh

krxvhkrog pxvw eh vshfl�hg/ rqfh lw lv vshfl�hg/ wkh frqvxpswlrq ixqfwlrq fdq eh

xvhg wr frpsohwho| xqghuvwdqg frqvxphu ehkdylru udwkhu wkdq vlpso| lqwhuwhp0

srudo vxevwlwxwlrq +wkh ehvw wkdw rqh fdq gr zlwk dq Hxohu htxdwlrq dorqh,1 Iru

h{dpsoh/ wr dgguhvv lvvxhv vxfk dv wkh lpsdfw ri Vrfldo Vhfxulw| uhirup rq krxvh0

krog frqvxpswlrq dqg vdylqj/ rqh wdnhv sdudphwhuv hvwlpdwhg iurp Hxohu htxdwlrqv

dqg sodfhv wkhp lqwr d frpsohwho| vshfl�hg vwuxfwxudo prgho1 Li rqh lv jrlqj wr edvh

rqh*v uhfrpphqgdwlrqv rq d ixoo|0vshfl�hg prgho/ zk| qrw xvh wklv lq hvwlpdwlrqB

Wklug/ wkh sdshu hpsor|v d odujh dprxqw ri krxvhkrog0ohyho gdwd1 Irxuwk/

hvwlpdwlrq wdnhv dgydqwdjh ri wklv odujh dprxqw ri gdwd dqg uhfhqwo| ghyhorshg

hfrqrphwulf whfkqltxhv iru fkdudfwhul}lqj frqglwlrqdo h{shfwdwlrqv zlwkrxw lpsr0

vlwlrq ri ixqfwlrqdo irup uhvwulfwlrqv1 Hvwlpdwlrq ri wkh frqvxpswlrq ixqfwlrq lv

qrqsdudphwulf dqg doorzv iru phdvxuhphqw huuru lq wkh nh| yduldeoh ri lqwhuhvw1

Frqglwlrqdo rq wkh prgho/ wkh hvwlpdwhg vkdsh doorzv lqihuhqfh derxw lpsruwdqw

ihdwxuhv ri ehkdylru wkdw zhuh klgghq wr hduolhu dwwhpswv e| wkh olqhdu dssur{lpd0

wlrqv hpsor|hg1 Ilqdoo|/ wklv whfkqltxh h{soruhv d uhodwlyho| xqh{sorlwhg glphqvlrq

ri wkh gdwd1 Wkh srolf| uxohv duh hvwlpdwhg sxuho| iurp uhshdwhg furvv0vhfwlrqv

rq wkh ohyho ri krxvhkrog frqvxpswlrq/ qrw iurp wkh jurzwk udwhv ri frqvxpswlrq

wkdw duh w|slfdoo| vwxglhg e| Hxohu htxdwlrq dssurdfkhv1

L �qg wkdw/ jlyhq d sodxvleoh exw vsduvh prgho ri wkh krxvhkrog hqylurqphqw/
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krxvhkrog frqvxpswlrq ixqfwlrqv duh txdolwdwlyho| vlplodu wr wkrvh fdofxodwhg qx0

phulfdoo| iurp d prgho lq zklfk suhfdxwlrqdu| vdylqj lv lpsruwdqw dw orz dvvhw

ohyhov1 Frqvxpswlrq ixqfwlrqv duh irxqg wr eh txlwh frqfdyh lq oltxlg dvvhwv1 Rqh

ri wkh nh| srlqwv ri ghedwh dqg lqwhuhvw lq wkh fxuuhqw vwxg| ri frqvxpswlrq lv

wkh h{whqw wr zklfk xqfhuwdlqw| lqydolgdwhv wkh xvh ri olqhdu dssur{lpdwlrqv wr

wkh frqvxpswlrq Hxohu htxdwlrq1 D nh| ihdwxuh ri xqfhuwdlqw| lv wkdw lw fuhdwhv

d frqvxpswlrq ixqfwlrq lv frqfdyh lq fdvk rq kdqg +Fduuroo dqg Nlpedoo +4<<9,,1

Hvwlpdwhv vxjjhvw wkdw wkh frqfdylw| lv vljql�fdqw lq wkh udqjh ri wkh ixqfwlrq wkdw

lv lpsruwdqw iru pdq| krxvhkrogv1

Ilqdoo|/ wkh frqfdylw| lpsolhv wkdw wkh pdujlqdo surshqvlw| wr frqvxph ydulhv

dfurvv wkh uhohydqw srsxodwlrq1 Krxvhkrogv zlwk orz ohyhov ri dvvhwv duh hvwlpdwhg

wr kdyh pdujlqdo surshqvlwlhv wr frqvxph rxw ri fdvk rq kdqg wkdw duh pdq|

wlphv kljkhu wkdq wkrvh krxvhkrogv zlwk odujh uhvhuyhv ri oltxlg dvvhwv1 Iru wkhvh

krxvhkrogv/ h{shfwhg ixwxuh lqfrph lv qhduo| luuhohydqw/ dqg frqvxpswlrq ghflvlrqv

duh pdgh prvwo| edvhg rq fxuuhqw dydlodeoh uhvrxufhv1 Wklv uhvxow hfkrhv wkdw ri

Fduuroo +4<<7,/ zklfk ghprqvwudwhv wkdw rq dyhudjh wkh ohyho ri frqvxpswlrq lv

forvho| uhodwhg wr fxuuhqw lqfrph dqg oltxlg dvvhwv udwkhu wkdq kxpdq zhdowk19

Hvwlpdwhg qrupdol}hg frqvxpswlrq ixqfwlrqv duh qrw yhu| gl�huhqw dfurvv gli0

ihuhqw jurxsv ri wkh srsxodwlrq/ vxjjhvwlqj wkdw prvw khwhurjhqhlw| lq ehkdylru lv

gxh wr dvvhw ohyhov udwkhu wkdq ehkdylru dw d jlyhq ohyho ri dvvhwv1 Frqvxpswlrq

ixqfwlrqv gr qrw vkliw pxfk lq uhvsrqvh wr wkh djjuhjdwh vwdwh1 Dgglwlrqdoo|/ zkhq

qrupdol}hg e| d w|slfdo djh0vshfl�f lqfrph/ wkh fkrlfh ri rswlpdo frqvxpswlrq dv d

ixqfwlrq ri dvvhw ohyho grhv qrw fkdqjh pxfk ryhu wkh olih f|foh1 Wkh rqh h{fhswlrq

lv wkdw lqglylgxdo0ohyho lqfrph grhv vkliw frqvxpswlrq ixqfwlrqv vljql�fdqwo|1

Wkh uhpdlqghu ri wkh sdshu lv vwuxfwxuhg dv iroorzv1 Wkh qh{w vhfwlrq ghvfulehv

wkh irupdo prgho wkdw lv xvhg wr vwuxfwxuh wkh lqyhvwljdwlrq ri frqvxpswlrq ixqf0

wlrqv1 Wkh prgho lv wkhq vroyhg dw d jlyhq vhw ri sdudphwhuv dqg wkh pdlq fkdudf0

9Wkh sdudooho lv qrw gluhfw vlqfh wkh fxuuhqw uhvhdufk qrupdol}hv e| wkh xqfrqglwlrqdo h{shfwd0

wlrq ri lqfrph1 Fduuroo +4<<7, fdq eh wkrxjkw ri dv hvwlpdwlqj d olqhdul}hg frqvxpswlrq ixqfwlrq

dqg wkxv hvwlpdwlqj wkh dyhudjh PSF rxw ri ydulrxv lwhpv dfurvv wkh srsxodwlrq1
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whulvwlfv ri lpsolhg ehkdylru eulh | uhylhzhg1 Wkh wklug vhfwlrq ghvfulehv wkh gdwd

xvhg lq wkh lqyhvwljdwlrq dqg xvhv wkhp wr pryh iurp wkhru| wr d vwrfkdvwlf prgho1

Wkh irxuwk vhfwlrq glvfxvvhv wkh pdlq hvwlpdwlrq phwkrgrorj|1 Wkh ixqfwlrqv duh

hvwlpdwhg e| glvfuhwl}lqj wkh zhoo0phdvxuhg uhjuhvvruv lqwr vwdwhv dqg dssur{lpdw0

lqj wkh ixqfwlrq ri fdvk rq kdqg e| d sro|qrpldo1 Lqvwuxphqwv duh xvhg wr fruuhfw

iru wkh suhvhqfh ri phdvxuhphqw huuru lq dvvhwv e| dsso|lqj d surfhgxuh ghyhorshg

e| Kdxvpdq/ Lfklpxud/ Qhzh| dqg Srzhoo +4<<4,1 Wkh �iwk vhfwlrq suhvhqwv erwk

udz sorwv ri wkh gdwd dqg wkh pdlq uhvxowv ri hvwlpdwlrq1 Wkh �qdo vhfwlrq zloo

frqfoxgh1

51 Wkh Frqvxpswlrq Sureohp dqg Rswlpdo Ehkdylru

Vshfl�fdwlrq ri dq hvwlpdeoh prgho ri frqvxphu ehkdylru lqyroyhv wzr wudgh0r�v11

Iluvw/ wkhuh lv d wudgh0r� ehwzhhq uhdolvp dqg wudfwdelolw|1 Wr wkh h{whqw wkdw

krxvhkrog ehkdylru lv lq uhdolw| yhu| frpsoh{/ d pruh frpsoh{ prgho� wkdw lv

rqh wkdw lqfoxghv pruh olnho| uhohydqw vwdwh yduldeohv� zloo suhvxpdeo| �w wkh gdwd

pruh forvho|1 Krzhyhu/ jlyhq d fhuwdlq dprxqw ri gdwd/ lqfuhdvhg frpsoh{lw| ri wkh

prgho ri krxvhkrog ehkdylru frphv dw wkh frvw ri suhflvh hvwlpdwlrq ri wkh lpsdfw

ri dq jlyhq vwdwh yduldeoh1 Wkh prgho lv fkrvhq wr doorz wkh krxvhkrog sureohp wr

eh lpsdfwhg e| idplo| vl}h/ djh/ oltxlg dvvhwv/ fxuuhqw lqfrph/ wkh djjuhjdwh uhdo

lqwhuhvw udwh dqg wkh jurzwk udwh ri uhdo JGS1

Vhfrqg/ wkhuh lv d wudgh0r� ehwzhhq uhvwulfwlqj dqg hvwlpdwlqj ihdwxuhv ri wkh

frqvxpswlrq ixqfwlrq1 D frpsohwho| vshfl�hg krxvhkrog sureohp zrxog gholyhu d

ixqfwlrqdo irup iru wkh frqvxpswlrq ixqfwlrq jlyhq dq| ydoxh iru wkh vhw ri sdud0

phwhuv1 Wkh dgydqwdjh ri wklv dssurdfk lv wkdw wkh wljkw sdudphwulf uhvwulfwlrqv

lqyroyhg ohqg srzhu wr wkh surfhgxuh li wkh prgho lv fruuhfwo| vshfl�hg1 Wkh vkruw0

frplqj ri d frpsohwh ghvfulswlrq ri wkh prgho lv wkdw lw lqyroyhv vshfl�fdwlrq ri

ihdwxuhv ri wkh frqvxphu sureohp derxw zklfk yhu| olwwoh lv nqrzq dqg wkhuhiruh

hvwlpdwlrq pd| eh lqfrqvlvwhqw1 Lq wkh sureohp ri rswlpdo lqwhu0whpsrudo door0

fdwlrq ri frqvxpswlrq/ rqh zrxog qhhg wr uhvwulfw wkh doorzdeoh xwlolw| ixqfwlrqv/
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glvwulexwlrq ri lqfrph vkrfnv/ dqg wkh ydoxh ri dvvhwv dw ghdwk dw ohdvw wr sdud0

phwulf fodvvhv lq rughu wr rewdlq lghqwl�fdwlrq ru uhdvrqdeo| suhflvh lqihuhqfh1 Lq

wklv sdshu/ pxfk ri wkh krxvhkrog sureohp lv vshfl�hg/ exw wkh prgho ohdyhv xq0

vshfl�hg wkh glvwulexwlrq ri lqfrph vkrfnv/ sruwirolr fkrlfh/ dgmxvwphqw frvwv rq

gxudeoh jrrgv ru oderu/ dqg wkh hvwlpdwlrq uhtxluhv rqo| zhdn dvvxpswlrqv rq wkh

ydoxh ri ehtxhvwv dw ghdwk1

5141 Dq Rujdql}lqj Prgho ri Frqvxphu Rswlpl}dwlrq

Hdfk krxvhkrog +�, fkrrvhv dw hdfk djh +|, dq dprxqw ri qrqgxudeoh h{shqglwxuhv

+��c|, wkdw surylgh xwlolw| wkurxjk dq lqwhuwhpsrudoo|0vhsdudeoh/ lqfuhdvlqj/ dqg

frqfdyh xwlolw| ixqfwlrq +�E��,=

�@%t��c|� .�

%
A[
|'r

q|3r�Ex�c|��c|� n qAn�3rTAn�c�nAn�3rEx�c|f�cAn��

&

zkhuh � lqgh{hv wlph shulrgv/ .� lv wkh h{shfwdwlrqv rshudwru frqglwlrqdo rq doo lq0

irupdwlrq dydlodeoh dw wlph � > q lv wkh glvfrxqw idfwru> x lv d idplo|0vl}h dgmxvwphqw

wkdw qrupdol}hv frqvxpswlrq wr shu0fdslwd whupv/ f| lv krxvhkrog fdvk0rq0kdqg>

dqg T E�� fdswxuhv wkh srvvleoh ydoxh ri fdvk rq kdqg uhpdlqlqj dw ghdwk1 Xwlolw|

iurp qrqgxudeoh frqvxpswlrq lv dvvxphg wr eh dgglwlyho| vhsdudeoh iurp xwlolw|

iurp gxudeoh frqvxpswlrq ru ohlvxuh1

Krxvhkrogv rswlpl}h vxemhfw wr d exgjhw frqvwudlqw dqg jlyhq wkhlu fxuuhqw

ohyhov ri dvvhwv dqg lqfrph=

f�c|n� ' �-�c�Ef�c| � ��c| � �(
�c|c�� n t�c|n�c�n� +514,

t�crc� dqg f�cr jlyhq1 +515,

zkhuh �-�c� lv wkh vwrfkdvwlf jurvv uhdo uhwxuq rq wkh krxvhkrog*v rswlpdo sruwirolr

ehwzhhq � dqg � n �1/ t�c|c� lv glvsrvdeoh qrq0dvvhw lqfrph> dqg �(
�c|c� lv h{shq0

glwxuhv/ lqfoxglqj dgmxvwphqw frvwv/ rq gxudeoh jrrgv1 Zkloh djdlq/ wklv h{huflvh

vhhnv wr lpsrvh plqlpdo vwuxfwxuh rq wkh krxvhkrog sureohp/ vshfl�fdwlrq ri wkh

9



hyroxwlrq ri wkh idplo| vl}h dgmxvwphqw/ wkh lqfrph surfhvv/ dqg wkh uhdo lqwhuhvw

udwh surfhvv duh uhtxluhg1 Ilqdoo|/ wkh krxvhkrog idfhv hlwkhu d qr0Srq}l jdph

frqvwudlqw ru lv uhtxluhg wr glh zlwk srvlwlyh dvvhwv1:

D frpsohwh prghoolqj ri wkh g|qdplf surfhvv ri idplo| vl}h fkdqjhv lq xqiru0

wxqdwho| eh|rqg wkh vfrsh ri wklv sdshu1 Wkh surfhvv lv glvfuhwh dqg xqolnho| wr

eh vlpso| d �uvw0rughu Pdunry surfhvv1 Wkxv/ L dvvxph wkdw doo krxvhkrogv kdyh

frpprq sur�ohv ri idplo| vl}h wkdw duh phuho| vkliwhg xs ru grzq e| wkh suhvhqw

idplo| vl}h1 Wklv doorzv wkh hvwlpdwlrq ri wkh fkrlfh ri frqvxpswlrq shu h�hfwlyh

phpehu udwkhu wkdq wkh dgglwlrq ri wkh qhfhvvdu| vwdwh yduldeohv wr wu| wr fdswxuh

doo h{shfwdwlrqv frqfhuqlqj wkh surfhvv1;

Wkh glvsrvdeoh/ qrq0dvvhw lqfrph surfhvv uhsuhvhqwv wzr vhsdudwh surfhvvhv1

Iluvw/ gxulqj wkh zrunlqj olih/ zklfk lv dvvxphg lghqwlfdo dqg h{rjhqrxv iru hyhu|0

rqh/ t�c|c� uhsuhvhqwv doo qrq0dvvhw lqfrph ohvv doo wd{hv dqg frqwulexwlrqv wr shq0

vlrqv/ sxeolf dqg sulydwh1 Diwhu uhwluhphqw/ wkh surfhvv uhsuhvhqwv doo lqfrph/

sulpdulo| ri frxuvh wkdw lqfrph uhfhlyhg iurp wkh suhylrxv frqwulexwlrqv wr shq0

vlrqv1 Lw lv dvvxphg wkdw doo uhwluhphqw vdylqj uhwxuqv wr wkh krxvhkrog gxulqj

uhwluhphqw dv lqfrph lq wklv irup1

Dv wr wkh dfwxdo surfhvv iru krxvhkrog oderu lqfrph/ wkhuh lv vxevwdqwldo xq0

fhuwdlqw| dprqj oderu hfrqrplvwv dv wr krz wr prgho wkh surfhvv iru lqglylgxdo

oderu lqfrph1 L iroorz wkh hylghqfh suhvhqwhg lq Ednhu +4<<:, iru oderu lqfrph/

dqg srvlw wkdw wkh surfhvv iru wkh orj ri krxvhkrog lqfrph lv d �uvw0rughu dxwruh0

juhvvlyh surfhvv zlwk dxwruhjuhvvlyh frh!flhqw f � 4 	 � dqg krxvhkrog0vshfl�f

:Wkh prgho frxog dovr eh h{sdqghg wr doorz iru oltxlglw| frqwudlqwv ri wkh irup [k>w�Fk>w �
�k>w>� ;w> zkhuh � lv d orzhu erxqg rq dvvhwv dqg fdswxuhv srvvleoh oltxlglw| frqvwudlqwv1

;Wkh dgglwlrq ri vrph vwdwh yduldeohv vxfk dv fxuuhqw idplo| vl}h wr wkh sureohp fdq eh

dwwhpswhg wr surylgh d sduwldo hydoxdwlrq dv wr wkh lpsruwdqfh ri wklv dvvxpswlrq1

:



shulrg0vshfl�f phdq *?��c|c� 1<

*?t�c|n�c�n� � *?��c|n�c�n� ' 4E*?t�c|c� � *?��c|c�� n �M�c|n� +516,

Lw lv dvvxphg wkdw ��c|c wkh krxvhkrog0ohyho vkrfn/ lv phdq }hur dqg xqfruuhodwhg

dfurvv wlph dqg dfurvv lqglylgxdov143 Wkh phdq lq wxuq lv dvvxphg wr frqvlvw

ri dq djjuhjdwh frpsrqhqw/ sursruwlrqdo wr wkh djjuhjdwh lqfrph surfhvv/ dqg

d krxvhkrog0vshfl�f frpsrqhqw/ prghoohg dv vshfl�f wr vhyhudo vxejurxsv ri wkh

srsxodwlrq e| hgxfdwlrq dqg djh

*?��c|c� ' *?t �
� n *?>e_|

zkhuh *?t �
� lv wkh djjuhjdwh lqfrph surfhvv/ *?>e_| duh hgxfdwlrq0jurxs dqg djh

vshfl�f krxvhkrog vkduhv ri wkh djjuhjdwh lqfrph surfhvv wkdw duh phdq }hur lq

doo shulrgv144 Wkxv wkh dyhudjh ri wkh lqglylgxdo surfhvvhv gholyhuv wkh djjuhjdwh

<Ednhu +4<<:, gluhfwo| frpsduhv wkh �w ri wkh wzr pdlq prghov ri olih0f|foh hduqlqjv xvlqj d

sdqho ri 53 |hduv ri SVLG gdwd1 Diwhu uhprylqj wlph h�hfwv/ wkh sdshu �qgv wkdw d vwdwlrqdu|

prgho iru orj lqfrph wkdw lqfrusrudwhv lqglylgxdo0ohyho khwhurjhqhlw| lq jurzwk udwhv dqg phdqv

pdwfkhv wkh gdwd ehwwhu wkdq d prgho wkdw lqfrusrudwhv d xqlw urrw dqg qr khwhurjhqhlw| lq

jurzwk udwhv1 Wdeoh 7/ urz :/ sdjh 687 ghprqvwudwhv wkdw wkh prgho +lq Ednhu*v qrwdwlrq,

oq\l>w @ �w . �H{sl>w . �wH{s
5

l>w . �l . �lH{sl>w . � oq\l>w�4 . xl>w zkhuh xl>w lv zklwh qrlvh �wv

wkh gdwd dv zhoo dv dq| frqvlghuhg prgho +H{s lv h{shulhqfh,1
43x qhhg qrw eh vwdwlrqdu| dfurvv djhv1 Dowkrxjk vwdwlrqdulw| dfurvv wlph lv uhtxluhg lq wkh

vhqvh wkdw |rxqj krxvhkrogv dozd|v kdyh wkh vdph vkrfn surfhvv zkhwkhu wkh| zhuh |rxqj lq

4<63 ru 4<83/ wkh| fdq erwk kdyh gl�huhqw vkrfn glvwulexwlrqv iurp rog krxvhkrogv1
44Ednhu +4<<:, vkrzv wkdw lqglylgxdo khwhurjhqhlw| lq ohyhov dqg jurzwk udwhv fdqqrw eh ixoo|

fdswxuhg e| lqwhudfwlqj lqglylgxdo hgxfdwlrq zlwk wkh txdgudwlf lq h{shulhqfh dqg prghoolqj wkh

frqvwdqw dv d ixqfwlrq ri d vhw ri fkdudfhulvwlfv vlplodu wr wkrvh hpsor|hg khuh1 Wklv sdshu grhv

olplw wkh khwhurjhqhlw| lq jurzwk udwhv dqg ohyhov wr jurxsv/ exw h{sdqgv wkh khwhurjhqhlw| wkdw

lv prghoohg e| doorzlqj juhdwhu  h{lelolw| lq jurzwk udwhv e| djh +wkh djh0sur�oh, dqg lqwhudfwlqj

hgxfdwlrq ohyho zlwk wkh djh sur�oh1 Krzhyhu/ wkh Ednhu +4<<:, �qglqjv dqg wkh idfw wkdw wkh

remhfw ri lqwhuhvw khuh lv dfwxdoo| krxvhkrog qrq0dvvhw lqfrph/ pd| lpso| wkdw wkh ghjuhh ri

lqglylgxdo0ohyho khwhurjhqhlw| lv vwloo lqvx!flhqw wr fdswxuh ixoo| wkdw lq wkh gdwd1 Li wklv lv wkh

fdvh/ wrr pxfk ri d krxvhkrog*v lqfrph zloo eh doorfdwh wr wudqvlwru| lqfrph zlwk wkh uhvxow wkdw

wkh pdujlqdo surshqvlwlhv wr frqvxph rxw ri wudqvlwru| lqfrph zloo eh ryhuhvwlpdwhg1

;



surfhvv1 Krxvhkrogv wkhq kdyh krxvhkrog0vshfl�f/ shuvlvwhqw vkrfnv wr lqfrph/ d

frpprq ru djjuhjdwh frpsrqhqw wr lqfrph/ djh0vshfl�f h{shfwhg jurzwk udwhv

ri lqfrph/ dqg shupdqhqw furvv vhfwlrqdo gl�huhqfhv lq lqfrph145 Wkh krxvhkrog

lqfrph surfhvv lv prghoohg dv d �uvw0rughu Pdunry surfhvv lq *?t�c|c� � *?��c|c� �

Wkh djjuhjdwh vwdwh/ ghqrwhg r/ ghwhuplqhv erwk wkh dydlodeoh lqyhvwphqw rs0

sruwxqlwlhv dqg wkh jurzwk udwh ri wkh djjuhjdwh lqfrph surfhvv1 Wkh lqfrph

surfhvv lv qrqvwdwlrqdu| dqg iroorzv

*?t �
�n� ' *?t �

� n ���n�� +517,

zkhuh wkh ydoxh ri wkh vkrfn/ ���n� ghshqgv rqo| xsrq wkh djjuhjdwh vwdwh/ r� Wkh

djjuhjdwh vwdwh hyroyhv dv d �uvw0rughu Pdunry surfhvv1 Wkh vwdwh zloo eh wdnhq

wr eh d glvfuhwh vxppdu| ri {*?t �
� dqg -� c wkh ulvn0iuhh uhdo lqwhuhvw udwh1 Wkh

djjuhjdwh dqg krxvhkrog0ohyho lqfrph Pdunry surfhvvhv duh lqghshqghqw1 Wkhvh

dvvxpswlrq lpso| wkdw/ wr iruhfdvw lwv lqfrph lq ghyldwlrq iurp *?��c|c�n�/ dq djhqw

qhhgv rqo| wr nqrz wkh djjuhjdwh vwdwh/ lwv lqglylgxdo lqfrph vwdwh/ *?t�c|c� �
*?��c|c� / dqg lwv ghwhuplqlvwlf djh0sur�oh ri lqfrph/ *?>e_| �

Wzr dgglwlrqdo dvvxpswlrqv pdnh wkh sureohp krprjhqhrxv lq wkh xqfrqgl0

wlrqdo h{shfwdwlrq ri lqfrph/ ��c|c� 1 Iluvw/ wkh ydoxh ixqfwlrq iru ehtxhvwv dw wkh

wlph ri ghdwk lv ri wkh iroorzlqj irup=

TA Ef�c|� '
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iru vrph frqvwdqwv i��
�j� Wklv dvvxpswlrq doorzv iru d zlghu udqjh ri ixqfwlrqv

wkdq +exw qhvwv, wkh vwulfw olih0f|foh prgho +��
� ' fc ;�c �, dqg wkh xvxdo g|qdvwlf

dowuxlvwlf prgho zklfk jhqhudwhv dq lq�qlwh krul}rq sureohp1 Vhfrqgo|/ wkh xwlolw|

ixqfwlrq lv ri wkh frqvwdqw uhodwlyh ulvn dyhuvlrq irup/ vr wkdw wkh pdujlqdo xwlolw|

ixqfwlrq lv krprjhqhrxv ri ghjuhh/ � �

j
zkhuh j lv wkh lqwhuwhpsrudo hodvwlflw| ri

45Vr d krxvhkrog zlwk d kljko| hgxfdwhg khdg kdv d kljk h{shfwhg phdq ri lwv olihwlph lqfrph

surfhvv dqg d gl�huhqw w|slfdo sur�oh> vlploduo| d krxvhkrog zlwk dgxowv eruq lq 4<53 kdv d orz

phdq olihwlph lqfrph surfhvv1

<



vxevwlwxwlrq146

Wkhvh dvvxpswlrqv doorz wkh hqwluh sureohp wr eh uhsrvhg lq whupv ri lqfrph/

frqvxpswlrq/ dqg fdvk rq kdqg qrupdol}hg e| wkh jurxs0vshfl�f phdq lq lqfrph/

��c|c� / wkh dyhudjh ohyho ri lqfrph iru d jlyhq w|sh ri krxvhkrog dw d jlyhq djh1

Gh�qlqj S�c|c� '
��c|

��c|c�
/ +�c|c� '

t�c|
��c|c�

c dqg %�c|c� '
f�c|

��c|c�
/ wkh Hxohu htxdwlrq iru

wkh ulvn0iuhh udwh dqg wkh frqvwudlqwv rq krxvhkrog rswlpl}dwlrq sureohp dv fdq eh

zulwwhq=

��Ex�c|S�c|� ' .r

�
q-��

�

�
x�c|n�S�c|n�

t �
�n�

t �
�
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+518,

%�c|n�c�n� ' -�
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�

t �
�n�

>e_|
>e_|n�

E%�c|c� � S�c|c�� n +�c|n�c�n�

+�c|n�c�n� ' E+�c|c��
4 i Td�M�c|n�o

Iurp khuh rq/ uhihuhqfhv wr yduldeohv uhihu wr wkhlu qrupdol}hg frxqwhusduwv xqohvv

rwkhuzlvh qrwhg/ vr wkdw/ iru h{dpsoh/ frqvxpswlrq uhihuv wr qrupdol}hg frqvxps0

wlrq1 Qrwh wkdw wkh �frkruw h�hfwv� wkdw rqh pxvw eh frqfhuqhg zlwk lq pdnlqj

lqihuhqfh lq d ohvv0vwuxfwxudo idvklrq duh sduwo| frqwdlqhg lq wklv qrupdol}dwlrq e|

*?t �
�n�� Wkh uhpdlqlqj sduw ri dq| frkruw h�hfw lv devruehg lqwr wkh krxvhkrog*v

fkdudfwhulvwlfv vxfk dv dvvhwv dqg vkduh ri djjuhjdwh lqfrph1 Wkdw lv/ d elj wudq0

vlwru| lqfrph errp h{shulhqfhg e| rqh frkruw dqg qrw dqrwkhu zloo ohdg wr wkdw

frkruw kdylqj d kljkhu ohyho ri oltxlg dvvhwv wrgd| udwkhu wkdq eh fdswxuhg e| wkh

djjuhjdwh lqfrph whup lq � 1

Wkh vroxwlrq wr wklv sureohp lv d srolf| ixqfwlrq iru frqvxpswlrq dv d ixqfwlrq

ri wkh +qrupdol}hg, sd|r�0uhohydqw vwdwh yduldeohv= fdvk rq kdqg/ lqfrph/ djh dqg

wkh djjuhjdwh vwdwhv=

x�S� ' 8 E%�c |c +�c e_�c r�� +519,

46Li wkhuh duh oltxlglw| frqvwudlqwv/ krxvhkrogv zlwk kljkhu phdqv ri lqfrph/ Sk>w>� / fdq eruurz

sursruwlrqdwho| pruh=

�k>w>� @ Sk>w>��=

Iru h{dpsoh/ li wkhuh duh oltxlglw| frqvwudlqwv wkdw frpsohwho| uhvwulfw eruurzlqj/ wkhq �k>w>� @

� @ 31
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zkhuh wr vlpsoli|/ wkh vxevfulsw/ �c qrz vlpso| ghqrwhv krxvhkrog0ohyho gdwd dqg

wkh yduldeohv r vwdqgv iru wkh djjuhjdwh vwdwh1 Wkh srolf| ixqfwlrq ri lqwhuhvw lv wkxv

d ixqfwlrq ri �yh vwdwh yduldeohv1 Wkh djjuhjdwh vwdwh/ r/ jlyhv doo wkh lqirupdwlrq

qhfhvvdu| frqfhuqlqj wkh yduldeohv vxevfulswhg rqo| � > djh dqg hgxfdwlrq jlyh doo

wkh lqirupdwlrq qhfhvvdu| iru doo wkh yduldeohv vxevfulswhg rqo| |1 Wkh rqo| rwkhu

qhfhvvdu| vwdwh yduldeohv/ diwhu qrupdol}dwlrq/ duh wkh krxvhkrog*v fxuuhqw lqfrph

vwdwh dqg lwv fdvk0rq0kdqg1

5151 Fkdudfwhulvwlfv ri Rswlpdo Frqvxpswlrq Ehkdylru

H{fhsw iru d vpdoo qxpehu ri vshfldo fdvhv/ vxfk dv qr xqfhuwdlqw|/ fkdudfwhul}dwlrq

ri rswlpdo ehkdylru pxvw surfhhg qxphulfdoo|1 Wklv vxevhfwlrq glvsod|v wkh srolf|

uxohv wkdw dulvhv iurp wkh krxvhkrog rswlpl}dwlrq prgho mxvw glvfxvvhg frxsohg zlwk

dgglwlrqdo vwuxfwxuh dqg dvvxpswlrqv derxw sdudphwhu ydoxhv1 Wkh vlpxodwhg uxohv

surylgh d fkdudfwhul}dwlrq ri wkh ihdwxuhv ri wkh prgho wkdw duh urexvw dfurvv pdq|

vshfl�fdwlrqv1 Vlplodu prghov kdyh ehhq vroyhg lq wkh olwhudwxuh dqg wkh glvsod|hg

srolf| uxohv duh txlwh vlplodu wr wkrvh suhvhqwhg lq ]hoghv +4<;<e,/ Ghdwrq +4<<4,/

Fduuroo +4<<:, dqg wr wkrvh hvwlpdwhg lq Jrxulqfkdv dqg Sdunhu +4<<:,1

Rswlpdo ehkdylru lv fkdudfwhul}hg xqghu wkh iroorzlqj dvvxpswlrqv1 Wkhuh lv

qr ehtxhvw prwlyh dqg krxvhkrogv duh uhtxluhg wr glh zlwk srvlwlyh dvvhwv1 Wkh

glvfrxqw idfwruv lv vhw wr 31<8/ wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq lv 318/

wkh uhdo lqwhuhvw udwh lv khog frqvwdqw dw 6 shufhqw/ dqg wkhuh duh qr  xfwxdwlrqv lq

wkh djjuhjdwh vwdwh1 Wkh lqlwldo qrupdol}hg lqfrph lv 4 dqg jurzv lq h{shfwdwlrq

dw 4( shu |hdu xqwlo uhwluhphqw zkhq lw idoov wr 93( ri lwv suhylrxv ohyho1 Wkh vhuldo

fruuhodwlrq ri wkh orj ri krxvhkrog lqfrph lv vhw wr 317 dqg wkh vwdqgdug ghyldwlrq

31391 Wkh dfwxdo dyhudjh idplo|0vl}h surfhvv lv lqsxw zlwk frqvxpswlrq qrupdol}hg

wr d idplo| vl}h ri 5147 Ilqdoo| krxvhkrogv olyh iurp djh 58 wr ;8 dqg uhwluh dw 981

Iljxuh 4 glvsod|v wkh frqvxpswlrq ixqfwlrq iru d krxvhkrog dw djh 68148 Rq wkh

47Wkh qrupdol}dwlrq surfhhgv e| frxqwlqj wkh �uvw krxvhkroghu zlwk zhljkw 4/ wkh vhfrqg zlwk

zhljkw 319: dqg doo ixuwkhu phpehuv zlwk zhljkw 31761
48Wkh ydoxh fkrvhq lv dovr wkdw ri d orz lqfrph vkrfn1
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krul}rqwdo d{lv lv qrupdol}hg dvvhwv/ dqg rq wkh yhuwlfdo d{lv qrupdol}hg frqvxps0

wlrq1 Wkh duh vhyhudo lpsruwdqw dqg urexvw fkdudfwhulvwlfv ri wkh ixqfwlrq1 Wkh

frqvxpswlrq ixqfwlrq lq wkh prgho lv frqfdyh lq fxuuhqw oltxlg zhdowk149 Wkh frq0

fdylw| ri wkh ixqfwlrq lv d ihdwxuh wkdw lv gxh wr xqfhuwdlqw|1 Devhqw xqfhuwdlqw|/

wkh krxvhkrog zrxog eh zloolqj wr eruurz dw wlphv gxulqj wkh olih/ vlqfh lw frxog

eh fhuwdlq ri sd|lqj edfn lwv ghewv dqg wkxv qrw ulvn dq lq�qlwh pdujlqdo xwlolw|

dw ru lpphgldwho| ehiruh ghdwk1 Zlwk xqfhuwdlqw| dv dvvxphg lq wkh vlpxodwlrq

+qrupdoo| glvwulexwhg vkrfnv wr orj lqfrph, wkhuh lv dozd|v vrph suredelolw| ri dq

h{wuhpho| edg vhtxhqfh ri lqfrph gudzv vr wkdw dq| krxvhkrog wkdw eruurzv pd|

�qg lwvhoi zlwk }hur frqvxpswlrq dqg lq�qlwh pdujlqdo xwlolw| ri frqvxpswlrq qhdu

ghdwk1 Wkxv krxvhkrogv gr qrw eruurz zkhq oltxlg dvvhwv qhdu }hur1 Lqvwhdg wkh|

frqvxph qhduo| doo wkhlu dvvhwv1 Vlqfh/ li dqrwkhu edg lqfrph uhdol}dwlrq rffxuv

lq wkh qh{w shulrg/ wkh| zloo eh lq wkh vdph vlwxdwlrq djdlq/ frqvxpswlrq lq wkh

ixwxuh lv txlwh yrodwloh1 Wkxv lw lv whfkqlfdoo| wkh suhfdxwlrqdu| prwlyh wkdw fdxvhv

wkh odfn ri eruurzlqj hduo| lq olih1 Pdujlqdo xwlolw| lv vprrwkhg zkhq dvvhwv duh

orz e| orzhulqj frqvxpswlrq wrgd| dqg ghfuhdvlqj wkh xqfhuwdlqw| derxw ixwxuh

frqvxpswlrq xqwlo wkh vwdqgdug Hxohu htxdwlrq lv vdwlv�hg1

Wr wkh h{whqw wkdw wkh frqvxpswlrq ixqfwlrq lv qrw olqhdu/ wkh pdujlqdo surshq0

vlw| wr frqvxph fkdqjhv zlwk wkh ohyho ri dvvhwv wkdw wkh krxvhkrog kdv rq kdqg1

Iru orz ohyhov ri dvvhwv/ wkh pdujlqdo surshqvlw| wr frqvxph lv kljk/ dqg d wudqvl0

wru| vkrfn wr lqfrph fdq udlvh frqvxpswlrq pxfk pruh wkdq vlpso| e| lwv dqqxlw|

ydoxh1 Li rqo| wkh dqqxlw| ydoxh ri wkh lqfrph zhuh frqvxphg/ wkh krxvhkrog zrxog

vhh d odujh ghfuhdvh lq wkh ulvn ri orz frqvxpswlrq lq wkh qh{w shulrg dqg d fru0

uhvsrqglqj ghfuhdvh lq lwv h{shfwhg pdujlqdo xwlolw| ri frqvxpswlrq wkdw lv odujhu

wkdq vlpso| wkdw fdxvhg e| sodqqlqj wr frqvxph wkh dgglwlrqdo dqqxlw| ydoxh ri

wkh h{wud zhdowk1

Iljxuhv 5 glvsod|v wkh frqvxpswlrq ixqfwlrqv iru gl�huhqw djhv1 Zkhq lqwhu0

suhwlqj wkhvh srolf| uxohv rqh kdv wr nhhs lq plqg wkdw wkh qrupdol}lqj idfwru

49Wklv lv suryhg iru doo exw wkuhh vshfldo fdvhv phqwlrqhg odwhu e| Fduuroo dqg Nlpedoo +4<<:,1
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rq dyhudjh jurzv ryhu zrunlqj olih dqg ghfolqhv dw uhwluhphqw1 Wkh frqvxpswlrq

ixqfwlrq lv orzhvw iru krxvhkrogv dw djh 93/ dv wkh| duh dw wkhlu kljkhvw hduqlqj

|hduv dqg uhwluhphqw lv qhdu1 Dw kljk dvvhw ohyhov/ wkh roghvw krxvhkrogv kdyh wkh

kljkhvw frqvxpswlrq ixqfwlrqv/ vlqfh wkh| duh uxqqlqj grzq wkhlu dvvhwv dv uhwluh0

phqw qhduv1 Dw orz dvvhw ohyhov krxvhkrogv ri doo djhv frqvxph urxjko| wkhlu oltxlg

dvvhwv1

Wkh krxvhkrog vprrwkv pdujlqdo xwlolw| lq wkh idfh ri wkh h{shfwhg sur�oh ri

lqfrph +wkh qrupdol}dwlrq, e| dffxpxodwlqj dvvhwv vr wkdw zkhq wkh frqvxpswlrq

ixqfwlrq lv dw lwv orzhvw/ dvvhwv duh rq dyhudjh txlwh kljk1 E| odwh lq olih/ lq

wkh vlpxodwlrqv wkh krxvhkrogv dffxpxodwh odujh dprxqwv ri oltxlg dvvhwv dqg wkh

ehkdylru ri wkh w|slfdo djhqw lv ghwhuplqhg e| wkh frqvxpswlrq ixqfwlrq wr wkh

uljkw ri wkh judsk dqg eh|rqg1 Lq prvw gdwd rq krxvhkrog dvvhwv wkhvh ohyhov duh

qrw dfklhyhg e| prvw krxvhkrogv1 Dqg lqghhg wklv lv d fkdudfwhulvwlf ri wkh oltxlg

zhdowk kroglqj lq wkh fxuuhqw gdwd1 Lw lv lpsruwdqw wr qrwh krzhyhu/ wkdw dw doo

djhv wkh frqvxpswlrq ixqfwlrq uhpdlqv txlwh fxuyhg iru wkrvh krxvhkrogv xqoxfn|

hqrxjk qrw wr dffxpxodwh pdq| dvvhwv1

61 Gdwd

Lq rughu wr pd{lpl}h wkh dprxqw ri dydlodeoh gdwd/ wr kdyh dffhvv wr phdvxuhv ri

wkh qhfhvvdu| vwdwh yduldeohv/ dqg wr plqlpl}h wkh dprxqw ri phdvxuhphqw huuru lq

frqvxpswlrq/ zklfk zloo uhsuhvhqw wkh huuru whup lq hvwlpdwlrq/ L hpsor| gdwd iurp

wkh Idplo|/ Phpehu/ dqg Ghwdlohg H{shqglwxuh �ohv ri wkh Frqvxphu H{shqglwxuh

Vxuyh|v+FH[, iru wkh |hduv �bHf wr �bb�1

6141 Wkh Frqvxphu H{shqglwxuh Vxuyh|

Wkh FH[ lv vwuxfwxuhg dv d urwdwlqj sdqho ri krxvhkrogv frqwdlqlqj lqirupdwlrq

derxw frqvxpswlrq h{shqglwxuhv/ ghprjudsklfv/ lqfrph dqg dvvhwv/ iru d odujh

vdpsoh ri wkh X1V1 srsxodwlrq1 Wkh Vxuyh| lv frqgxfwhg e| wkh Exuhdx ri Oderu

Vwdwlvwlfv lq rughu wr frqvwuxfw edvnhwv ri jrrgv iru xvh lq wkh edvhv iru wkh Frq0
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vxphu Sulfh Lqgh{1 Wkh vxuyh| lv nqrzq wr kdyh h{fhoohqw fryhudjh ri frqvxpswlrq

h{shqglwxuhv uhodwlyh wr rwkhu dydlodeoh vxuyh|v/ wr kdyh qrlv| gdwd rq oltxlg dvvhwv/

dqg wr kdyh lqfrph lqirupdwlrq ri jrrg txdolw|14: Wkh vxuyh| lqwhuylhzv derxw

Dfff krxvhkrogv hdfk txduwhu1 Lq d krxvhkrog*v �uvw lqwhuylhz/ wkh FH[ surfhgxuhv

duh h{sodlqhg wr wkhp dqg lqirupdwlrq lv froohfwhg vr wkdw wkh| fdq eh dvvljqhg d

srsxodwlrq zhljkw1 Wkh| duh wkhq lqwhuylhzhg irxu pruh wlphv +rqfh hyhu| wkuhh

prqwkv, derxw ghwdlohg frqvxpswlrq h{shqglwxuhv ryhu wkh suhylrxv wkuhh prqwkv1

Lq lqwhuylhzv wzr dqg �yh/ wkh vxuyh| dvnv wkh dprxqw ri lqfrph uhfhlyhg gxulqj

suhylrxv �2 prqwkv1 Lq wkh �iwk lqwhuylhz/ hdfk krxvhkrog lv dvnhg derxw lwv krog0

lqjv ri irxu fdwhjrulhv ri oltxlg dvvhwv dqg krz pxfk wkhvh kroglqjv kdyh fkdqjhg

ryhu wkh sdvw �2 prqwkv1 Idplolhv urwdwh wkurxjk wkh surfhvv/ vr wkdw derxw 2DI

ri krxvhkrogv ohdyh dqg duh uhsodfhg lq hdfk txduwhu1 Derxw kdoi ri doo krxvhkrogv

pdnh lw wkurxjk doo wkh lqwhuylhzv1

Wkh revhuydwlrq shulrg lv vl{ prqwkv1 Hdfk krxvhkrog frqwulexwhv wzr gdwd

srlqwv wr wkh vdpsoh edvhg rq lqirupdwlrq froohfwhg lq lwv �uvw wzr dqg wkhq �qdo

wzr lqwhuylhzv1 Dq| krxvhkrogv zklfk duh fodvvl�hg dv lqfrpsohwh lqfrph uhsruwhuv

ru zklfk kdyh dq| ri wkh fuxfldo yduldeohv plvvlqj duh gursshg1 Wkh pdlq phdvxuh

ri +xq0qrupdol}hg, frqvxpswlrq hpsor|hg lv qrqgxudeoh frqvxpswlrq frqvwuxfwhg

dv wkh vxp ri h{shqglwxuhv rq wkh iroorzlqj fdwhjrulhv ri jrrgv dfurvv hlwkhu wkh �uvw

wzr ru odvw wzr lqwhuylhzv= irrg/ h{foxglqj irrg dv sd| dqg vfkrro phdov> dofrkro>

krxvh0ixuqlvklqjv dqg htxlsphqw h{foxglqj ixuqlwxuh/ pdmru dssoldqfhv/ dqg  rru

fryhulqjv> dssduho dqg vhuylfhv> wudqvsruwdwlrq h{foxglqj qhz dqg xvhg yhklfoh

vshqglqj dqg �qdqflqj> hqwhuwdlqphqw> shuvrqdo fduh> uhdglqj> dqg wredffr dqg

vprnlqj1 Gxh wr vrph h{wuhpho| xquhdvrqdeoh revhuydwlrqv/ sulpdulo| dw wkh orzhu

wdlo/ wkh wrs dqg erwwrp rqh shufhqw ri wkh qrupdol}hg frqvxpswlrq revhuydwlrqv

duh vhw wr plvvlqj dqg wkxv wkh revhuydwlrqv gursshg iurp wkh vdpsoh1

Lqfrph ehiruh uhwluhphqw lv diwhu0wd{ idplo| lqfrph ohvv Vrfldo Vhfxulw| wd{hv/

4:Lqfrph/ zkloh uhdvrqdeo| zhoo phdvxuhg/ lv qrw phdvxuhg zlwk wkh dffxudf| ri wkh Vxuyh|v

wkdw irfxv h{solflwo| rq lqfrph/ vxfk dv wkh SVLG1 Vhh Oxvdugl +4<<9,/ Dwwdqdvlr +4<<7,/ dqg

Eudqfk +4<<7,1
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+diwhu0wd{, dvvhw lqfrph dqg shqvlrq frqwulexwlrqv1 Lqfrph phdvxuhv iru wkh �uvw

revhuydwlrq iru hdfk krxvhkrog duh wdnhq iurp wkh �uvw lqwhuylhz dqg iru wkh vhf0

rqg/ iurp wkh odvw lqwhuylhz1 Lqfrph diwhu uhwluhphqw lv wrwdo lqfrph ohvv rqo|

diwhu0wd{ lqwhuhvw rq fkhfnlqj dqg vdylqjv dffrxqwv1 Oltxlg dvvhwv iurp wkh Vxuyh|

duh wkh vxp ri wkh ydoxh ri doo irxu phdvxuhg fdwhjrulhv ri dvvhwv= vdylqjv dffrxqwv>

fkhfnlqj/ eurnhudjh dqg vlplodu dffrxqwv> X1V1 vdylqjv erqgv> vwrfnv/ erqgv/ px0

wxdo ixqgv dqg rwkhu vxfk vhfxulwlhv1 Wkhvh duh frqvlghuhg plvvlqj li rqh ru erwk

ri fkhfnlqj dqg vdylqjv dffrxqw edodqfhv duh plvvlqj1 Qrwh wkdw wklv gh�qlwlrq

h{foxghv looltxlg zhdowk dqg wkdw hdfk phdvxuh ri dvvhwv lv wrsfrghg dw m�ffc fff1

Wrs frghg dvvhwv duh gursshg14; Fdvk rq kdqg lv frqvwuxfwhg dv lq htxdwlrq +514,1

Wkxv wr wkh phdvxuh ri oltxlg dvvhwv iurp wkh Vxuyh| lv dgghg vl{ prqwkv ri lq0

frph iru wkh �uvw krxvhkrog revhuydwlrq dqg vl{ prqwkv ri wrwdo frqvxpswlrq iru

wkh vhfrqg krxvhkrog revhuydwlrq1

Krxvhkrogv duh dvvljqhg wr hgxfdwlrq fhoov rq wkh edvlv ri wkh pdoh uhihuhqfh

shuvrq/ zkhq rqh h{lvwv/ rwkhuzlvh dvvljqphqw hpsor|v wkh ihpdoh uhihuhqfh shu0

vrq14< Wkh hgxfdwlrq fhoov duh wkuhh= kljk vfkrro ghjuhh ru ohvv hgxfdwlrq/ pruh

wkdq d kljk vfkrro ghjuhh exw ohvv wkdq d froohjh ghjuhh/ dqg d froohjh ru dgydqfhg

ghjuhh1 Djh lv dvvljqhg rq wkh edvlv ri wkh dyhudjh djh ri wkh uhihuhqfh shuvrq dqg

vsrxvh/ ru mxvw wkdw ri wkh uhihuhqfh shuvrq li wkhuh lv qr vsrxvh1 Doo krxvhkrogv

xqghu djh 2D duh gursshg1

Ilqdoo|/ wkh idfw wkdw oltxlg dvvhwv duh plvphdvxuhg lpsolhv wkdw lw lv qhfhvvdu| wr

kdyh lqvwuxphqwv wr shuirup frqvlvwhqw hvwlpdwlrq1 Dv yduldeohv zklfk duh uhodwhg

wr wkh qrlv| phdvxuh ri oltxlg dvvhwv/ L hpsor|= d gxpp| yduldeoh iru zkhwkhu

wkh krxvhkrog kdv srvlwlyh �qdqfldo lqfrph/ wkh dfwxdo �qdqfldo lqfrph zlwk }hurv

vhw wr dq duelwudulo| vpdoo srvlwlyh ydoxh/ d vlplodu sdlu ri yduldeohv iru lqwhuhvw

4;Dv glvfxvvhg lq vhfwlrq +815,/ hvwlpdwlrq zloo irfxv rq d frpsdfw udqjh ri qrupdol}hg dvvhwv

ehwzhhq 3=3: +wkh �uvw shufhqwloh ri wkh glvwulexwlrq, dqg 61
4<Wkh uhihuhqfh shuvrq lq wkh FH[ lv gh�qhg dv wkh shuvrq zkr lv prvw uhvsrqvleoh iru sd|lqj

wkh eloov1 Wklv shuvrq lv wkhq lqwhuylhzhg/ dv kh ru vkh lv suredeo| wkh prvw nqrzohgjdeoh derxw

krxvhkrog h{shqglwxuhv1
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lqfrph1 Dgglwlrqdoo|/ xqqrupdol}hg krxvhkrog lqfrph dqg wkh JGS jurzwk udwh

duh xvhg dv dq lqvwuxphqwv1 Ilqdoo|/ wr khos suhglfw wkh qrupdol}dwlrq idfwru/ L

hpsor| d txdgudwlf lq djh1 Dv zloo ehfrph fohdu lq wkh phwkrgrorj| vhfwlrq/ wkh

lqvwuxphqwv duh hpsor|hg vhsdudwho| iru hdfk �vwdwh� dqg vr duh lqwhudfwhg zlwk

wkh zhoo0phdvxuhg lqghshqghqw yduldeohv1

Doo gdwd lv pdgh uhdo e| gh dwlqj lw xvlqj wkh frqvxphu sulfh lqgh{ +FSL0X,

iru qrqgxudeohv1 Wkhuh duh Sfc eDb revhuydwlrqv rq �Hc D�2 krxvhkrogv zlwk wkh

uhtxluhg gdwd diwhu wulpplqj wkh frqvxpswlrq gdwd1 Wkh udqjh ri qrupdol}hg

oltxlg dvvhwv lv iurp d kljk ri .2 wr d orz ri f�fff�..1 Qrupdol}hg frqvxpswlrq

uxqv iurp d kljk ri ��DH wr d orz ri f��f.1

6151 Wkh Gdwd Jhqhudwlqj Surfhvv

Lq rughu wr pds iurp wkh gdwd wr wkh prgho/ wkh prgho pxvw eh dxjphqwhg wr d

gdwd jhqhudwlqj surfhvv e| dgglqj vwrfkdvwlf ghyldwlrqv1 Lq wklv fdvh wkh ghyldwlrqv

ehwzhhq wkh prgho dqg wkh gdwd duh ylhzhg dv frplqj iurp plvphdvxuhphqw lq

frqvxpswlrq dqg dvvhwv1 Zkloh wkh FH[ kdv shukdsv wkh ehvw phdvxuhv ri frq0

vxpswlrq dydlodeoh lq krxvhkrog0ohyho gdwdvhwv/ wkhuh lv vwloo vljql�fdqw huuru lq wkh

phdvxuhphqw ri frqvxpswlrq1 Dgglwlrqdoo|/ zkloh wkh FH[ kdv doo wkh qhfhvvdu|

yduldeohv iru hvwlpdwlrq ri wkh krxvhkrog frqvxpswlrq ixqfwlrq/ wkhuh lv vljql�fdqw

huuru lq wkh phdvxuhphqw ri dvvhwv1

Ohw yduldeohv vxshuvfulswhg zlwk W ghqrwh wuxh/ xqrevhuyhg ydoxhv1 Rqh grhv

qrw revhuyh xq0qrupdol}hg frqvxpswlrq dqg dvvhwv/ �W
� dqg fW

�/ exw udwkhu wkhlu

srruo| phdvxuhg frxqwhusduwv lq wkh gdwd/ �� dqg f�/ zklfk duh dvvxphg wr eh

uhodwhg wr wkh wuxwk e| d phdq0}hur huuru lqghshqghqw ri wkh wuxwk lq wkh iroorzlqj

pdqqhu=

*?�� ' *?�W
� n /S�( *?f� ' *?fW

� n /%�� +614,

Lq dgglwlrq/ dv glvfxvvhg vxevhtxhqwo|/ wkh surfhvv ri qrupdol}dwlrq zloo lqwurgxfh

dgglwlrqdo huuru vr wkdw

*? S� ' *? SW� n 0�( *? %� ' *? %W� n #�� +615,
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zkhuh #� � /�
� n/%�c dqg 0� � /�� n/S

� dqg /
�
� lv wkh phdvxuhphqw huuru dvvrfldwhg

zlwk qrupdol}dwlrq e| wkh shupdqhqw frpsrqhqw ri lqfrph1 Wkhvh phdvxuhphqw

huuruv zloo qrw eh xqfruuhodwhg gxh erwk wkh qrupdol}dwlrq dqg gxh wr wkh idfw wkdw/

iru revhuydwlrqv frqvwuxfwhg iurp wkh odvw lqwhuylhz lqirupdwlrq/ wrwdo frqvxpswlrq

lv xvhg wr frqvwuxfw fdvk rq kdqg153

Wkh gdwd jhqhudwlqj surfhvv/ ru vwrfkdvwlf prgho/ lv=

*? S� ' ME*? %W�c |c +�c e_�c r�� *?x� n 0� +616,

zkhuh

ME*? %W�c |c +�c e_�c r� � *? d8 Ei Td*? %W�oc |c +�c e_�c r�o

dqg

.d0�m *? %W�c |c +�c e_�c ro ' f�

Dv glvfxvvhg lq vhfwlrq 614/ wkh gdwdvhw dovr jlyhv dgglwlrqdo lqglfdwruv ri wkh

dvvhw ohyho ri dq lqglylgxdo krxvhkrog1 Wkhvh dydlodeoh lqvwuxphqwv/ ghqrwhg ^�/ duh

dvvxphg wr eh olqhduo| uhodwhg wr wkh wuxh phdvxuh ri dvvhwv dv=

*?%W� ' ^��k n �� ' �� n �� +617,

zkhuh �� ghqrwhv wkh rswlpdo olqhdu frpelqdwlrq ri lqvwuxphqwv dqg �� lv phdq

}hur dqg lqghshqghqw ri wkh lqvwuxphqwv154 Dv lv vwdqgdug/ wkh lqvwuxphqwv duh

dvvxphg wr eh xqfruuhodwhg zlwk wkh phdvxuhphqw huuru +lqfoxglqj qrupdol}dwlrq

huuru, lq frqvxpswlrq dqg oltxlg dvvhwv= .d0�m^�o ' .d#�m^�o ' f�55

53Zkloh qrupdol}dwlrq huuru lv dovr lqwurgxfhg lqwr wkh qrupdol}hg phdvxuh ri lqfrph/ vlqfh wkh

suhvhqw dqdo|vlv glvfuhwl}hv wkh lqfrph vwdwh vsdfh dqg vlqfh lqfrph ehjlqv vljql�fdqwo| ehwwhu

phdvxuhg/ wkh suhvhqw dssurdfk dvvxphv wkdw wkh fxuuhqw vwdwh ri qrupdol}hg lqfrph lv zhoo

phdvxuhg1
54Qrwh wkdw wkh dvvxpswlrq ri lqghshqghqfh lv pxfk vwurqjhu wkdq wkh dvvxpswlrq ri }hur

fruuhodwlrq wkdw lv xvxdoo| lqyrnhg iru wzr0vwdjh ohdvw vtxduhv hvwlpdwlrq1
55Qrupdol}dwlrq lqgxfhv fruuhodwlrq ehwzhhq wkh phdvxuhphqw huuru whupv vr wkdw L doorz

H^�k%kmtk` @ ��% dqg H^yk%kmtk` @ �y%1
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71 Hvwlpdwlrq Whfkqltxh

Lq rughu wr hvwlpdwh frqvlvwhqwo| wkh frqvxpswlrq ixqfwlrq zh pxvw frqvlghu wkuhh

lvvxhv1 Iluvw/ wkh dssursuldwh yduldeohv pxvw eh qrupdol}hg1 Vhfrqg/ wkh vwdwh0vsdfh

iru wkh Pdunry surfhvvhv pxvw eh frqvwuxfwhg1 Wklug/ ehfdxvh dvvhwv duh revhuyhg

rqo| zlwk huuru/ wkdw lv rqh revhuyhv *? %� lqvwhdg ri *? %W�/ wkhuh lv phdvxuhphqw

huuru rq wkh uljkw kdqg vlgh ri htxdwlrq +616, lq d yduldeoh lqvlgh wkh ixqfwlrq ri

lqwhuhvw1 Wklv sdshu dgdswv d whfkqltxh ghulyhg lq Kdxvpdq hw do1 +4<<4, wkdw

frqvlvwhqwo| hvwlpdwhv d sro|qrpldo ixqfwlrq ri d vlqjoh plvphdvxuhg uhjuhvvru1

Wklv surfhgxuh lv h{whqghg wr hvwlpdwh wr zlwklq d vpdoo erxqg ri dffxudf| d

qrq0sdudphwulf ixqfwlrq1

7141 Qrupdol}dwlrq

Wkh lqfrph surfhvv/ htxdwlrq +516, fdq eh uhzulwwhq

*?t� ' *?�� n
��

E�� 4u�
+714,

' *?t �
� n *?>e_| n

��
E�� 4u�

+715,

zkhuh u lv wkh odj rshudwru1 *?>e_| frqvlvwv ri iru hdfk hgxfdwlrq jurxs/ d �iwk0rughu

sro|qrpldo lq djh li SD ru |rxqjhu/ d vhfrqg rughu sro|qrpldo lq djh li roghu wkdq

SD/ d uhwluhphqw gxpp| yduldeoh/ dqg d uhwluhphqw gxpp| yduldeohv lqwhudfwhg

zlwk d gxpp| yduldeoh iru ehlqj djh DD � SD1 Udwkhu wkdq xvh wkh dfwxdo orj

ri X1V1 JGS ru glvsrvdeoh lqfrph/ d frpsohwh vhw ri prqwk dqg |hdu gxpplhv

duh xvhg wr qrupdol}h pruh frpsohwho| e| wkh djjuhjdwh vwdwh1 Wkhvh duh dovr

lqwhudfwhg zlwk hgxfdwlrq jurxs1

Htxdwlrq +714, lv hvwlpdwhg rq doo krxvhkrogv zlwk wkh ghshqghqw yduldeoh eh0

lqj wkh krxvhkrog glvsrvdeoh lqfrph/ gh�qhg deryh1 Wkh qrupdol}dwlrq lv uxq

vhsdudwho| rq hdfk hgxfdwlrqdo dwwdlqphqw jurxs1 Jlyhq wkh vhw ri sodxvleoh dv0

vxpswlrqv pdgh derxw wkh lqfrph surfhvv/ wkh �wwhg ydoxh ri htxdwlrq +714, xsrq

furvv0vhfwlrqdo gdwd jlyhv frqvlvwhqw hvwlpdwlrq ri wkh ydoxhv rq ri *?��156 Wkhq
56Lq idfw/ wkhuh duh wzr frqvhfxwlyh revhuydwlrqv iru pdq| krxvhkrogv/ vr wkdw wkhuh zloo eh
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f�� � i Td*̂?t�o dqg qrupdol}hg yduldeohv duh frqvwuxfwhg dv

S� � ��f�� dqg %� � f�f�� �
Wkh phdvxuhphqw huuru iurp qrupdol}dwlrq/ ghqrwhg /��c| lq vhfwlrq +615, lv gh�qhg

dv *?f�� � *?���

7151 Glvfuhwl}dwlrq ri wkh Hpslulfdo Vwdwh Vsdfh

Wkh qh{w uhtxluhg vwhs lv wr glvfuhwl}h wkh vwdwh0vsdfh ri wkh zhoo0phdvxuhg uh0

juhvvruv1 Wklv lv grqh dv iroorzv1 Wkh vsdfh ri qrupdol}hg lqfrph lv glylghg lqwr

glvfuhwh jurxslqjv vr wkdw/ +�/ wkh fxuuhqw lqfrph vwdwh/ lv frqvwuxfwhg e| vsolwwlqj
t�
f��

lqwr d julg wkdw kdv erwk hyhq vsdflqj dqg vrph sdulw| lq frxqwv lq hdfk fhoo1

Qrupdol}hg lqfrph lv vsolw lqwr d . vwdwh Pdunry surfhvv lq orjv wkdw lv v|pphwulf

dqg kdv urxjko| htxdo elqv1 Djh lv vsolw lqwr irxu jurxsv gh�qhg dv= 2D�eD/ eD�DD/

DD�SD dqg qrw uhwluhg/ dqg SD ru uhwluhg dqg roghu wkdq DD1 Hgxfdwlrq lv wkh wkuhh

hgxfdwlrqdo jurxslqj glvfxvvhg deryh1 Ilqdoo|/ wkh djjuhjdwh vwdwh lv ghshqghqw

rq wkh jurzwk udwh ri JGS jurzwk/ phdvxuhg lq uhdo �bb2 +fkdlq zhljkwhg, sulfhv/

dqg wkh uhdo lqwhuhvw udwh/ phdvxuhg dv wkh uhwxuq rq 60prqwk wuhdvxu| eloov ohvv

wkh lq dwlrq udwh iurp wkh FSL iru qrqgxudeohv1 Wkhuh duh irxu srvvleoh djjuhjdwh

vwdwh fruuhvsrqglqj wr JGS jurzwk ri ohvv wkdq ru juhdwhu wkdq 2�DI/ dqg d uhdo

lqwhuhvw udwh ri ohvv ru juhdwhu wkdq �I1

Wkhuh lv qr qhhg wr glvfuhwl}h wkh idplo| vl}h dgmxvwphqw/ *?x��

Jlyhq wkdw wkh vwdwh0vsdfh lv qrz glvfuhwh/ wkh ixqfwlrq ri lqwhuhvw fdq eh hvwl0

pdwhg e| hvwlpdwlqj ME*? %W�c |c +�c e_�c r�� *?x� iru hdfk vhw ri vwdwhv vhsdudwho|

dqg wudqviruplqj lw wr uhfryhu wkh ixqfwlrq ri lqwhuhvw1

7161 Qrqsdudphwulf Hvwlpdwlrq zlwk Phdvxuhphqw Huuru

Wklv vxevhfwlrq �uvw od|v rxw wkh sureohpv wkdw phdvxuhphqw huuru suhvhqwv iru

qrqolqhdu uhjuhvvlrq hyhq zlwk wkh dydlodelolw| ri lqvwuxphqwv1 Qh{w/ wkh Kdxvpdq

fruuhodwlrq ehwzhhq hdfk krxvhkrog*v revhuydwlrqv1 Wklv grhv qrw dowhu wkh frqvlvwhqf| ri wkh

surfhgxuh dv wkh qxpehu ri krxvhkrogv jrhv wr lq�qlw|1
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hw do1 +4<<4, vroxwlrq iru d sureohp zlwk d nqrzq0rughu/ sro|qrpldo dssur{lpdwlrq

lv suhvhqwhg1 Ilqdoo| L glvfxvv lqihuhqfh zkhq wkh ixqfwlrq ri lqwhuhvw lv qrqsdud0

phwulf1

716141 Wkh Phdvxuhphqw Huuru Sureohp

Frqvlghu �uvw d sdudphwhul}dwlrq ri wkh xqnqrzq ixqfwlrq ri lqwhuhvw ME*? %�m7cx�
zkhuh x lv d �qlwh sdudphwhu yhfwru ri nqrzq rughu wkdw lv wr eh hvwlpdwhg dqg

7 vxppdul}hv wkh vwdwhv ri djh/ lqfrph/ hgxfdwlrq/ dqg djjuhjdwh hfrqrp|1 Iru

qrz wkh olqhdu whup/ *?x�/ lv ljqruhg1 Zlwkrxw phdvxuhphqw huuru/ hvwlpdwlrq

frxog surfhhg e| d qrq0olqhdu hvwlpdwlrq whfkqltxh vxfk dv wkh jhqhudol}h phwkrg

ri prphqwv1 Krzhyhu lq wkh suhvhqfh ri phdvxuhphqw huuru wklv rswlrq glvdsshduv1

Wkh vlwxdwlrq fdq eh h{suhvvhg dv

*? S� ' ME*?%�m7cx� n 0� � s� +716,

zkhuh s�c| lv wkh dgglwlrqdo uljkw0kdqg0vlgh whup gxh wr plvphdvxuhphqw ri oltxlg

dvvhwv1

s� � ME*?%�m7cx��ME*? %W�m7� +717,

�' YME*? %W�m7cx�
Y *?%W�

*?

�
%�
%W�

�
+718,

'
YME*? %W�m7cx�

Y *?%W�
#� +719,

zkhuh wkh dssur{lpdwlrq frphv iurp d �uvw0rughu Wd|oru dssur{lpdwlrq riME*?%�m7cx�
durxqg *? %W� dqg wkh odvw htxdolw| iurp wkh gh�qlwlrq ri wkh phdvxuhphqw huuru lq

dvvhwv1 Vlqfh wkh phdvxuhphqw huuru #� dsshduv lq erwk wkh huuru whup ri htxdwlrq

+716,/ s�c dqg lq wkh uhjuhvvru dvvhwv/ *?%�/

.d0� � s�m *?%�c 7o 9' fc

vr wkdw Qrq0Olqhdu Ohdvw Vtxduhv +QOOV, ru Jhqhudol}hg Phwkrg ri Prphqwv

+JPP, hvwlpdwlrq edvhg rq .dME*? %�m7cx�E0� � s��o ' f lv lqfrqvlvwhqw157

57Wkh vwdwhphqw wkdw wkh h{shfwdwlrq lv frqglwlrqdo xsrq v lv d voljkw dexvh ri qrwdwlrq1

53



Ixuwkhu/ krzhyhu/ hyhq zlwk lqvwuxphqwv/ wkh sureohp vhhpv lqwudfwdeoh e|

vwdqgdug surfhgxuhv vxfk dv Qrq0Olqhdu Wzr0Vwdjh Ohdvw Vtxduhv ru JPP edvhg

rq wkh ruwkrjrqdolw| ri wkh lqvwuxphqwv dqg wkh uhvlgxdo lq htxdwlrq +716,/ .d��E0��
s��o ' f1 Xqohvv ME*? %�m7cx� lv olqhdu lq dvvhwv/ s� lv dovr d ixqfwlrq ri *? %W�

zklfk/ li wkh lqvwuxphqwv duh ohjlwlpdwh +k 9' f,/ lv fruuhodwhg zlwk wkh lqvwuxphqwv

vr wkdw

.d0� � s�m^�c 7o 9' f�

Qrwh wkdw wkh rqo| fdvh lq zklfk wkh ixqfwlrq ri lqwhuhvw fdq eh hvwlpdwhg frqvlv0

whqwo| lv li lw lv olqhdu lq *? %W�c vr wkdw wkh �uvw0ghulydwlyh lq htxdwlrq +718, lv qrw d

ixqfwlrq ri *?%W� dqg wkh qhfhvvdu| ruwkrjrqdolw| frqglwlrq lv phw1 Exw wklv lv mxvw

+olqhdu, Wzr0Vwdjh Ohdvw Vtxduhv +WVOV,1

716151 Vhulhv Hvwlpdwlrq zlwk Phdvxuhphqw Huuru

Vxssrvh wkdw wkh ixqfwlrq ri lqwhuhvw zhuh d srzhu vhulhv sro|qrpldo ri �qlwh dqg

nqrzq glphqvlrq1 Zulwlqj wkh frqvxpswlrq ixqfwlrq iru d jlyhq vwdwh dv vxfk d

sro|qrpldo/

ME*?%W�m7� '
g[
�'f

q�E7�E*?%
W
��

� +71:,

frqvlghu hvwlpdwlrq ri iq�E7�jg�'� jlyhq wkdw wkh lqghshqghqw yduldeoh lv plvphd0

vxuhg1

Kdxvpdq hw do1 +4<<4, +KQLS, sursrvh d frqvlvwhqw hvwlpdwru iru wklv vlwxdwlrq

dv iroorzv1 Zkloh *?%W�c| lv rqo| revhuyhg zlwk huuru/ vr wkdw wkh ruwkrjrqdolw|

frqglwlrq iru htxdwlrq +616, vwloo idlo/ wkh ruwkrjrqdolw| frqglwlrqv duh phw iru wkh

iroorzlqj sdlu ri sro|qrpldo uhjuhvvlrqv hpsor|lqj wkh rswlpdo lqvwuxphqw/ ��=

*? S� '
g[
�'f

��E7�E���
� � *?x� n eS� +71;,

E*? %� *? S�� '
gn�[
�'f

B�E7�E���
� � �� *?x� n e%S�

Wkxv rqh fdq frqvlvwhqwo| hvwlpdwh ��E7� dqg B�E7� e| vlpsoh ROV1 Rqh fdq wkhq

uhfryhu wkh sdudphwhuv ri lqwhuhvw e| ghulylqj wkh uhodwlrqvkls ehwzhhq q�E7� dqg
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wkhvh hvwlpdwhg sdudphwhuv1 Vxevwlwxwlqj htxdwlrq +617, dqg +71:, lqwr wkh hvwl0

pdwlqj htxdwlrq +616, |lhogv

*? S� '
g[
�'f

q�E7�E�� n ���
� � *?x� n 0�

'
g[
�'f

E���
�

%
g[
,'�

�
,

�

�
q,E7�E���

,3�

&
� *?x� n 0��

Wklv lv vlpso| htxdwlrq +71;, li rqh gh�qhv

��E7� '

%
g[
,'�

�
,

�

�
q,E7�E���

,3�

&
� +71<,

Wdnlqj h{shfwdwlrq ri erwk vlghv ri htxdwlrq +71<, jlyhv d vhw ri gn� uhodwlrqvklsv

dprqj wkh gn� �*v dqg wkh g prphqwv ri �� dqg wkh gn� vwuxfwxudo sdudphwhuv

q�E7�1 D vlplodu phwkrgrorj| fdq eh xvhg wr ghulyh d vhw ri uhodwlrqvklsv dprqj

wkh B�E7�c wkh q�E7� dqg djdlq wkh qxlvdqfh sdudphwhuv/ .dE���,3�o1 Lq idfw/ xvlqj

htxdwlrq +71<, dqg lwv sduwqhu/ rqh fdq qrw rqo| uhfryhu wkh sdudphwhuv ri lqwhuhvw/

exw wkh| duh ryhulghqwl�hg1

Wkh KQLS hvwlpdwlrq surfhgxuh surfhhgv lq wkuhh vwhsv1 Iluvw/ rqh hvwlpdwhv

k dqg lwv fryduldqfh pdwul{ e| ROV1 Vhfrqg/ frqvwuxfwlqj wkh rswlpdo lqvwuxphqw/

rqh uhfryhuv wkh uhgxfhg irup sdudphwhuv ��E7� dqg B�E7� frqvlvwhqwo| iurp hv0

wlpdwlrq ri htxdwlrq 71;1 Wkh fryduldqfh pdwul{ ri wkh uhgxfhg irup sdudphwhuv

lv uhfryhuhg e| lqwhusuhwlqj wkhvh �uvw wzr vwdjhv dv d wzr0vwhs JPP hvwlpdwru1

Ilqdoo|/ rqh uhfryhuv wkh vwuxfwxudo sdudphwhuv e| plqlpxp fkl0vtxduhg surfhgxuh

vlqfh wkh glphqvlrq ri wkh uhgxfhg irup sdudphwhu vhw lv odujhu wkdq wkdw ri wkh

vwuxfwxudo sdudphwhuv wr eh hvwlpdwhg1 Wkh xvh ri plqlpxp fkl0vtxduhg dovr sur0

ylghv d pdsslqj iurp wkh uhgxfhg irup fryduldqfh pdwul{ wr wkdw ri wkh vwuxfwxudo

sdudphwhuv15859

58Frpsohwh ghwdlov ri hvwlpdwlrq/ lqihuhqfh dqg whvwlqj duh lq KQLS/ zlwk wkh iroorzlqj h{fhs0

wlrqv1 ^Irupxodh fruuhfwlrqv khuh1`
59Qrw |hw hpsor|hg= Vlqfh wkh prgho lv ryhulghqwl�hg/ wkh surfhgxuh surylghv d whvw ri wkh

prgho1 Wr wkh h{whqw wkdw wkh odujhu vhw ri sdudphwhuv hvwlpdwhg lq wkh uhgxfhg irup gr qrw olh

wr idu rxwvlgh wkh forvhvw srlqw lq wkh vxevsdfh vsdqqhg e| wkh srvvleoh vwuxfxwudo sdudphwhuv wkh

prgho lv dffhswhg1
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716161 Qrqsdudphwulf Hvwlpdwlrq zlwk Phdvxuhphqw Huuru

Zkloh rqh wdfn wr hvwlpdwlqj wkh ixqfwlrq ri lqwhuhvw zrxog eh vlpso| wr fkrrvh wr

frqvlvwhqwo| hvwlpdwh dq � 0wk rughu dssur{lpdwlrq wr wkh wuxh ixqfwlrq ri lqwhuhvw

dqg iroorz KQLS h{dfwo|/ L lqvwhdg xvh d gdwd0ghshqghqw rughu0vhohfwlrq fulwhulrq

dqg fkrrvh wr hvwlpdwh wkh ixqfwlrq frqvlvwhqwo| wr zlwklq d �{hg dffxudf|/ "15:

Iluvw/ surylghg frqyhujhqfh wr wkh wuxh ixqfwlrq lv xqlirup/ lw zloo eh wkh fdvh

wkdw wkhuh h{lvwv d �qlwh0rughu dssur{lpdwlrq wkdw frphv zlwklq " ri wkh wuxh ixqf0

wlrq dw hyhu| srlqw ryhu d frpsdfw udqjh1 Vhfrqg/ wklv rughu fdq eh hvwlpdwhg

frqvlvwhqwo| e| dssursuldwho| uhgxflqj wkh uhvlgxdov iurp wkh hvwlpdwlrq ri htxd0

wlrqv +71;,/ ghqrwhg 	e��/ dv

�eS� �
	eS�
m	eS�m

�@%im	eS�m � "c fjc �e%cS� � 	e%cS�
m	e%cS� m�@%im	e%cS� m � "c fj� +7143,

Wkh Ed|hvldq Lqirupdwlrq Fulwhulrq surylghv d frqvlvwhqw hvwlpdwh ri wkh wuxh

prgho e| wkh xvxdo surfhgxuh jlyhq wkh dgmxvwhg uhvlgxdov1 Wkh fkrvhq rughu/ g/

iru sro|qrpldo dssur{lpdwlrq wr wkh ixqfwlrq ri lqwhuhvw plqlpl}hv

�U�Eg� �
���� �

�

S
E�eS��

2 �

�

S
�eS��e

%cS
�

�

�

S
�eS��e

%cS
�

�

�

S
E�e%cS� �2

����n 2g
*?�

�

zkhuh � lv wkh qxpehu ri revhuydwlrqv15;

Jlyhq d frqvlvwhqw hvwlpdwh ri wkh prgho rughu/ lqihuhqfh xsrq wkh sdudphwhuv

ri lqwhuhvw dw wkh fkrvhq prgho/ lv lqghshqghqw ri prgho vhohfwlrq1 Wkxv wkh KQLS

surfhgxuh fdq eh dssolhg zlwk wkh rqh prgl�fdwlrq wkdw wkh hvwlpdwh lv dfwxdoo|

5:Xvlqj gl�huhqw dssurdfkhv/ Jrxulqfkdv +4<<:, dqg Kdxvpdq/ Qhzh| dqg Srzhoo +4<<8, h{0

whqg wkh KQLS surfhgxuh iru wkh fdvh zkhuh rqh kdv d vlqjoh vhfrqg phdvxuh ri wkh plvphdvxuhg

uhjuhvvru dqg qr rwkhu fryduldwhv wr hvwlpdwlrq ri d qrqsdudphwulf ixqfwlrq dqg ri d �qlwho|

sdudphwhul}hg prgho uhshfwlyho|1
5;Dowhuqdwlyho|/ rqh frxog hpsor| d gdwd0lqghshqghqw rughu vhohfwlrq dv zrunhg rxw iru wkh

vwdqgdug vhulhv hvwlpdwlrq lq Dqguhzv +4<<4, dqg Qhzh| +4<<:,1 Jlyhq wkh fruuhfw jurzwk udwh

ri wkh rughu ri wkh sro|qrpldo lq uhodwlrq wr wkh vdpsoh vl}h/ wkh hvwlpdwhg ixqfwlrq lv frqvlvwhqw

iru wkh xqnqrzq ixqfwlrq zkhq wkh wuxh sro|qrpldo rughu lv lq�qlwh1 Dv vkrzq lq Qhzh| +4<<:,/

wkh udwh dw zklfk wkh rughu ri wkh sro|qrpldov lq 71; fdq jurz lv erxqghg e| wkh uhtxluhphqw

wkdw N6

Q
$ 3=
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d qduurz edqg udwkhu wkdq d olqh dqg wkh vwdqgdug huuruv pxvw eh lqfuhdvhg e| "1

Lq sudfwlfh " ' f�ff�1

81 Wkh Frqvxpswlrq Ixqfwlrq

8141 Xqlyduldwh Nhuqho Uhjuhvvlrqv ri Frqvxpswlrq rq Dvvhwv

Ehiruh wxuqlqj wr hvwlpdwlrq ri wkh ixqfwlrq ri lqwhuhvw/ L hvwlpdwh vhyhudo Nhuqho

uhjuhvvlrqv rq wkh qrupdol}hg gdwd/ ljqrulqj d vxevhw ri wkh fryduldwhv1 Wkhvh

uhvxowv frpsohphqw wkh vxevhtxhqw �qglqjv e| vkrzlqj wkdw vlplodu uhvxowv duh

rewdlqhg xvlqj d orfdo vprrwkhu dqg zlwkrxw wkh xqfrqyhqwlrqdo fruuhfwlrq iru

phdvxuhphqw huuru wkdw wkh gxdo uhjuhvvlrqv lq htxdwlrq +71;, uhsuhvhqw1

Wr surfhhg/ wkh frqvxpswlrq gdwd lv qrupdol}hg e| d idplo| vl}h dgmxvwphqw1

Frqvxpswlrq lv glylghg e| d zhljkwhg idplo| vl}h lq zklfk wkh �uvw krxvhkroghu

frxqwv zlwk zhljkw 4/ wkh vhfrqg zlwk d zhljkw ri 319:/ dqg doo ixuwkhu phpehuv

zlwk zhljkw 317615< Lq wkh vxevhtxhqw hvwlpdwlrq wkdw fruuhfwv iru phdvxuhphqw

huuru/ wklv dgmxvwphqw lv qrw xvhg wr glylgh frqvxpswlrq exw lqvwhdg lv lqfoxghg lq

hvwlpdwlrq dv d olqhdu uhjuhvvru wr fdswxuh *?x�1

Iljxuh 6 glvsod|v d vlpsoh fhqwhuhg prylqj dyhudjh ri wkh gdwd zklfk lqfoxghv

rqh shufhqw ri wkh gdwd163 Wkh udqjh ri dvvhwv sorwwhg uxqv iurp d kljk ri 6 wr d

orz ri wkh �uvw shufhqwloh ri wkh dvvhw glvwulexwlrq1 Wkh edqgzlgwk lv nhsw qduurz

dv d vlpsoh zd| wr pdnh fohdu wkdw eldv iurp ryhuvprrwklqj lv qrw jhqhudwlqj wkh

slfwxuh dqg dovr jlyh vrph vhqvh dv wr wkh vdpsolqj xqfhuwdlqw| lqyroyhg164 Wkh wrs

sdqho hpsor|v wkh orj ri qrupdol}hg dvvhwv/ dv zloo eh hpsor|hg lq wkh uhjuhvvlrqv

wkdw fruuhfwv iru phdvxuhphqw huuru/ zkloh wkh orzhu sdqho hpsor|v qrupdol}hg

dvvhwv lq ohyhov/ dv zloo eh vkrzq vlqfh lw lv wkh ixqfwlrq ri lqwhuhvw1 Lq wkh ohyhov

5<Wklv lv qhduo| wkh RHFG dgxow htxlydohqw vfdoh/ zklfk gl�huv rqo| lq uhtxlulqj wkdw wkh

vhfrqg phpehu eh dq dgxow lq rughu wr uhfhlyh wkh kljkhu zhljkw1
63D wulfxelf Nhuqho jlyhv vlplodu uhvxowv vr wkh prvw wudqvsduhqw Nhuqho dqg zhljkwlqj lv

hpsor|hg1
64Vdpsolqj xqfhuwdlqw| zloo eh jlyhq d pruh ixoo wuhdwphqw lq wkh qh{w vhfwlrq1
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fdvh wkhuh lv d fohdu frqfdyh ixqfwlrq ylvleoh wkdw orrnv txlwh olnh wkh frqvxpswlrq

ixqfwlrq iurp wkh vlpxodwhg prgho1 Lq wkh orjv/ wkhuh lv dovr d odujh udqjh ri wkh

judsk iru zklfk wkh hvwlpdwhg ixqfwlrq dsshduv frqfdyh lq fdvk rq kdqg165

Krzhyhu/ lw lv txlwh srvvleoh wkdw wkh odfn ri fryduldwhv lv zkdw lv jhqhudwlqj

wkh uhvxowv1 Wkdw lv/ Iljxuh 6 suhvhqwv f8 E%c 7|E%�c 7+E%�c e_E%�c 7rE%��c wkh zd| frq0

vxpswlrq fkdqjhv dv rqh ydulhv oltxlg dvvhwv dqg doorzv wkh rwkhu vwdwh ydulhv wr

frydu| zlwk oltxlg dvvhwv1 Li iru h{dpsoh/ kljk lqfrph krxvhkrogv kdyh kljk oltxlg

dvvhwv wrgd| dqg d kljk h{shfwhg lqfrph lq wkh ixwxuh/ wkhq wkh vorsh ri wkh �frq0

vxpswlrq ixqfwlrq� zrxog eh ryhuhvwlpdwhg e| wkh suhvhqw phwkrg1 Wkh pdujlqdo

surshqvlw| wr frqvxph grhv vhhp wr eh d txlwh kljk rqh0wklug iru orz ohyhov ri olt0

xlg dvvhwv1 D voljkwo| pruh frpsolfdwhg vwru| frxog dovr jhqhudwh frqfdylw| zkhuh

krxvhkrog ohyho frqvxpswlrq ixqfwlrqv kdg qrqh1 Dqrwkhu sureohp/ ri frxuvh/ lv

wkdw ri plvphdvxuhphqw ri dvvhwv/ dowkrxjk wklv zrxog vhhp wr eldv dzd| iurp

�qglqj d kljk pdujlqdo surshqvlw| wr frqvxph dqg lw lv ohvv fohdu krz wklv eldv

pljkw jhqhudwh frqfdylw|1

Wr sduwldoo| dgguhvv wkh lvvxh ri fryduldwhv/ dqg djdlq odujho| dv d zd| ri fkdudf0

whul}lqj wkh udz gdwd udwkhu wkdq ri pdnlqj vwuxfwxudo lqihuhqfh/ Iljxuhv e wkurxjk

H suhvhqw frqvxpswlrq dv d ixqfwlrq ri oltxlg dvvhwv dfurvv hdfk vwdwh vsdfh lqglylg0

xdoo|166 Frqwuroolqj iru dq| rqh ri wkhvh fryduldwhv lqglylgxdoo| grhv qrw fkdqjh wkh

vkdsh ri wkh frqvxpswlrq uxoh wkdw zh revhuyh1 Orrnlqj dw wkh �jxuhv lq wxuq/ zh

fdq dovr pdnh d whqwdwlyh vwxg| ri wkh zd| ehkdylru fkdqjhv zlwk wkh frqvlghuhg

fryduldwh1 Frqwuroolqj rqo| iru djh ri wkh krxvhkrog/ frqvxpswlrq ixqfwlrqv orrn

txlwh vlplodu/ krzhyhu wkhuh lv hylghqfh ri dq lqyhuvh uhodwlrqvkls ehwzhhq djh dqg

frqvxpswlrq dv d ixqfwlrq ri dvvhwv +dgmxvwhg iru idplo| vl}h dqg qrupdol}hg e|

lqfrph,1 Dovr/ lw lv fohdu wkdw kljkhu lqfrph krxvhkrogv kdyh kljkhu frqvxpswlrq

65Wkhuh lv olwwoh fkdqjh lq wkhvh �jxuhv li rqh gursv doo revhuydwlrqv lq zklfk wrwdo frqvxpswlrq

lv xvhg wr fdofxodwh oltxlg dvvhwv1
66Edqgzlgwkv duh dgmxvwhg iru hdfk judsk1 Iljxuh 7 kdv d edqgzlgwk ri 8 shufhqw ri wkh vdpsoh/

zkloh Iljxuh 8 kdv d edqgzlgwk ri 43 shufhqw/ Iljxuh 9 kdv d edqgzlgwk ri 8 shufhqw/ dqg Iljxuhv

: dqg ; kdyh edqgzlgwkv ri ; shufhqw1
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jlyhq dq| ohyho ri oltxlg dvvhwv1 Wklv lv txlwh frqvlvwhqw zlwk krxvhkrogv h{shfwlqj

kljkhu lqfrph lq wkh ixwxuh dqg vr ehlqj zloolqj wr frqvxph pruh wrgd|1 Kljkhu

hgxfdwhg krxvhkrogv frqvxph pruh dw dq| jlyhq ohyho ri oltxlg dvvhwv1 Ilqdoo|/

orrnlqj vhsdudwho| dfurvv irxu uhdo lqwhuhvw udwh ohyhov dqg irxu uhdo JGS jurzwk

udwh/ wkh djjuhjdwh fxuuhqw vwdwh grhv qrw d�hfw frqvxpswlrq ixqfwlrqv pxfk dw

doo1

Zkloh d xvhixo zd| wr h{dplqh wkh fruuhodwlrqv lq wkh gdwd/ wkhvh �jxuhv gr qrw

phulw d glvfxvvlrq ri zkdw rqh pljkw frqfoxgh derxw krxvhkrog ehkdylru1 Lqvwhdg/

L qrz wxuq wr hvwlpdwlrq wr zklfk pruh zhljkw fdq eh jlyhq1

8151 Wkh Glvwulexwlrq ri Dvvhwv

Ehiruh hvwlpdwlqj wkh frqvxpswlrq ixqfwlrq/ rqh pxvw fkrrvh d frpsdfw udqjh ryhu

zklfk wr hvwlpdwh wkh qrqsdudphwulf ixqfwlrq ri lqwhuhvw1 Iljxuh b sorwv d ghqvlw|

hvwlpdwh ri wkh qrupdol}hg oltxlg dvvhw gdwd167 Wkh gdwd duh qrw zhljkhg/ vr wkdw

wklv grhv qrw uhsuhvhqw wkh srsxodwlrq glvwulexwlrq lq wkh X1V1/ exw udwkhu zkhuh

wkh gdwd olh wkdw zloo eh xvhg wr lghqwli| wkh ixqfwlrq ri lqwhuhvw1 Wkh wrs sdqho

suhvhqw wkh ghqvlw| ri wkh udz gdwd lq orjv1 Fohduo| wkhuh duh odujh duhdv ri wkh

revhuyhg gdwd ryhu zklfk wkh ghqvlw| lv h{wuhpho| vsduvh1 Wkh frpsdfw udqjh wkdw

lv fkrvhq iru hvwlpdwlrq lv vkrzq lq wkh erwwrp wzr sdqhov/ �uvw lq orjv dqg wkhq

lq ohyhov1 Wkh erwwrp rqh shufhqw ri wkh gdwd duh gursshg dqg wkhq qrupdol}hg

dvvhw ohyhov deryh wkuhh duh dovr gursshg1 Wkh odwwhu fkrlfh lv prwlydwhg prvwo| e|

wkh revhuydwlrq wkdw wkh wkhru| vxjjhvwv wkdw/ li wkhuh lv fxuydwxuh lq wkh ixqfwlrq

ri lqwhuhvw/ lw zloo olh lq wkh orz hqg ri wkh dvvhw glvwulexwlrq1 Jlyhq wkh vkdsh ri

wkh wkhruhwlfdo frqvxpswlrq ixqfwlrqv suhvhqwhg lq Iljxuhv � dqg 2/ d sro|qrpldo

dssur{lpdwlrq zloo kdyh juhdw gl!fxow| �wwlqj d vwudljkw olqh iru kljk dvvhw ohyhov

dqg d kljko| fxuyhg ixqfwlrq iru orz dvvhw ohyhov1 Wkxv L irfxv rq orz dvvhw ohyhov dw

67Wkh Nhuqho hvwlpdwh xvhv dq Hsdqhfkqlnry nhuqho +fiN @ 4
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wkh frvw ri vrph gdwd1 Wkh erwwrp wzr sdqhov ri Iljxuh b/ dovr vkrz zkdw uhjlrqv

ri wkh dvvhw yduldeoh duh prvw lpsruwdqw iru wkh uhvxowv1

Iljxuh b lv lqwhuhvwlqj lq lwv rzq uljkw krzhyhu1 Zkloh wkh dvvhw yduldeohv

duh plvphdvxuhg/ wkh h{whqw ri plvphdvxuhphqw lv qrw lqvx!flhqw wr doorz vrph

lqihuhqfh wr eh pdgh uhjduglqj wkh wuxh glvwulexwlrq ri dvvhwv1 Wkh plvphdvxuhphqw

krzhyhu zloo lqfuhdvh wkh vsuhdg ri wkh glvwulexwlrq ri dvvhwv/ dqg lqghhg lw lv

xquhdolvwlfdoo| kljk lq wkh wrs sdqho1 Wkh judskv vkrz wkdw prvw krxvhkrogv krog

d ohyho ri oltxlg dvvhwv zklfk lv ohvv wkdq wkhlu �w|slfdo� dqqxdo lqfrph1 Wkh

glvwulexwlrq lv dovr kljko| uljkw vnhzhg lq ohyhov/ exw qrw idu iurp v|pphwulf lq

orjv1 Hvwlpdwhv ri zhdowk wkdw lqfoxgh shqvlrq zhdowk/ krxvlqj zhdowk/ dqg Vrfldo

Vhfxulw| zhdowk whqg wr jhqhudwh pxfk odujhu dprxqwv ri zhdowk/ hvshfldoo| dw

uhwluhphqw zkhq wkh w|slfdo krxvhkrog kdv d udwlr ri zhdowk wr lqfrph ri urxjko|

�f168 Lq wkh suhvhqw gdwd/ vlqfh prvw ri wkh zhdowk lwhpv glvfxvvhg duh dvvxphg

wr eh fdswxuhg e| wkh lqfrph sur�oh dqg wkxv e| djh dqg lqfrph/ wkh dvvhw ohyhov

duh fruuhfwo| pxfk orzhu169 Dovr/ wkh suhvhqw gdwd kdyh kljkhu zhdowk glvwulexwlrqv

iru roghu krxvhkrogv wkdq iru |rxqjhu/ dowkrxjk wkh gl�huhqfh lv vpdoohu lq wkh

qrupdol}hg gdwd vlqfh wkh qrupdol}lqj idfwru ghshqgv rq djh dqg ulvhv ryhu prvw

ri wkh zrunlqj olih1

Dowkrxjk dv qrwhg/ wkh glvwulexwlrq lv plvphdvxuhg dqg xqzhljkwhg/ wkh wrs

sdqho ri Iljxuh b jlyhv d fuxgh lpsuhvvlrq dv wr zkdw udqjh ri wkh frqvxpswlrq ixqf0

wlrqv duh prvw uhohydqw iru ehkdylru1 Zhuh wkh gdwd wr vkrz wkdw prvw krxvhkrogv

khog odujh dprxqwv ri oltxlg zhdowk/ wkhq frqvxpswlrq ixqfwlrqv wkdw orrnhg olnh

wkrvh iurp wkh vlpxodwlrqv zrxog ghprqvwudwh wkdw fxuydwxuh lq wkh frqvxpswlrq

ixqfwlrq lv ri olwwoh sudfwlfdo lpsruw iru ehkdylru1 Wkh idfw wkdw pdq| krxvhkrogv

kdyh qrupdol}hg oltxlg dvvhwv wkdw duh ohvv wkdw wkhlu h{shfwhg dqqxdo lqfrph +xq0

frqglwlrqdo rq wkhlu lqfrph klvwru|, vxjjhvw wkdw li frqvxpswlrq ixqfwlrqv iurp

wkh gdwd orrn olnh wkrvh iurp wkh vlpxodwlrq/ suhfdxwlrqdu| vdylqj lv prvw uhohydqw

68Wklv sduwlfxodu hvwlpdwh lv edvhg rq Yhqwl dqg Zlvh +4<<6,1
69Wkh Vxuyh| ri Frqvxphu Ilqdqfhv vxjjhvwv wkdw wkh udwlr lv durxqg 5 +vhh iru h{dpsoh Yhqwl

dqg Zlvh +4<<6,,/ zklfk lv vwloo txlwh d elw odujhu wkdq lq wkh suhvhqw gdwd1
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iru frqvxpswlrq ehkdylru1

8161 Frqvxpswlrq Ixqfwlrqv

Iljxuh �f glvsod|v wkh dyhudjh ri frqvxpswlrq ixqfwlrqv dfurvv wkh fhoov ri wkh

vwdwh0vsdfh/ wkdw lv 8 E%� ' M

ME+c|cr�

S
t+c|�

f8 E%c +c |c r�1 Dq| fhoo zlwk ohvv wkdq �ff

revhuydwlrqv lv qrw xvhg lq hvwlpdwlrq dqg wkh sro|qrpldo dssur{lpdwlrq wkdw wkh

surfhgxuh vhohfwv lv ri rughu wkuhh1 Wkh dyhudjlqj zhljkwv wkh ixqfwlrq iru hdfk

vwdwh zlwk d zhljkw sursruwlrqdo wr wkh qxpehu ri revhuydwlrqv lq wkdw vwdwh1 Wkh

wrs sdqho glvsod|v wkh dyhudjh frqvxpswlrq ixqfwlrq wkh plggoh sdqho lwv �uvw

ghulydwlyh/ dqg wkh odvw sdqho lwv vhfrqg ghulydwlyh1 Doo judskv glvsod| bD shufhqw

frq�ghqfh lqwhuydov zklfk duh uhfryhuhg e| errwvwudsslqj iurp wkh sdudphwhuv dqg

dv|pswrwlf glvwulexwlrq ri wkh hvwlpdwhg ixqfwlrq fME *? %W�c +�c |c r�1

Wkh hvwlpdwhg srolf| ixqfwlrq lv txlwh vlplodu wr wkdw uhfryhuhg iurp vlpxodwlrq

iurp wkh wkhruhwlfdo prgho lq vhfwlrq 5151 Wkh hvwlpdwhg dyhudjh frqvxpswlrq

ixqfwlrq lv lqfuhdvlqj ryhu lwv hqwluh udqjh/ zlwk d vorsh uxqqlqj iurp d kljk ri ryhu

rqh kdoi dw wkh orz dvvhw ohyhov wr derxw f�f2 dw dq dvvhw ohyho ri 2�D1 Lw lv vwdwlvwlfdoo|

vljql�fdqwo| gl�huhqw iurp }hur dw dvvhw ohyhov ehorz 21 Wkh pdujlqdo surshqvlw|

wr frqvxph dw kljk dvvhw ohyhov lv vxusulvlqjo| frqvlvwhqw/ dowkrxjk shukdsv d olwwoh

orz/ iru zkdw rqh zrxog frqvlghu d uhdvrqdeoh pdujlqdo surshqvlw| wr frqvxph lq

d prgho zlwkrxw dq| suhfdxwlrqdu| vdylqj h�hfw1 Wkdw lv/ lq dq lq�qlwh krul}rq

prgho zlwk orj xwlolw| dqg qr xqfhuwdlqw|/ wkh pdujlqdo surshqvlw| wr frqvxph rxw

ri dvvhwv lv -3�
-
1 Hvwlpdwlqj wkh pdujlqdo surshqvlw| wr frqvxph frxog dovr eh grqh

xvlqj Hxohu htxdwlrq phwkrgv iru kljk0dvvhw krxvhkrogv xqghu wkh dvvxpswlrq wkdw

wkh suhfdxwlrqdu| whup iru wkhvh kljk0dvvhw krxvhkrogv fdq eh ljqruhg1 Lqghhg wklv

�qglqj ydolgdwhv wkdw dssurdfk1

Wkh pruh lqwhuhvwlqj �qglqj lv wkdw wkh dyhudjh pdujlqdo surshqvlw| wr frqvxph

iru % 5 df��Dc f�Do lv durxqg f�e dqg txlwh suhflvho| hvwlpdwhg1 Dw orz dvvhw ohyhov/

krxvhkrogv duh hvwlpdwhg wr vshqg vljql�fdqwo| pruh rxw ri fdvk rq kdqg wkdq rxw

ri shupdqhqw lqfrph ru wrwdo zhdowk1 D oxps0vxp wd{ fxw iru vxfk krxvhkrogv
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zrxog ohdg wr vljql�fdqw lqfuhdvhv lq vshqglqj hyhq li lw zhuh h{shfwhg dqg hyhq li

lw zhuh dffrpsdqlhg e| ixwxuh oxps0vxp wd{ lqfuhdvhv1 Lq wkh suhvhqw gdwd/ dqg

lqghhg rwkhu vrxufhv ri lqirupdwlrq rq wkh dvvhw glvwulexwlrq ri krxvhkrogv/ prvw

|rxqj krxvhkrogv6: dqg d qrq0wulyldo sruwlrq ri roghu krxvhkrogv kdyh qrupdol}hg

dvvhwv ehorz f�D1

Frqvxpswlrq dv d ixqfwlrq ri oltxlg dvvhwv lv frqfdyh lq wkhru| lq wkh suhv0

hqfh ri xqfhuwdlqw| h{fhsw lq wkuhh vshfldo fdvhv +Fduuroo dqg Nlpedoo +4<<9,,= li

suhihuhqfhv duh txdgudwlf> vhfrqg li wkh rqo| vrxufh ri xqfhuwdlqw| lv lq wkh uh0

wxuq wr vdylqjv dqg wkh krxvhkrog kdv FUUD suhihuhqfhv> dqg �qdoo| li wkh rqo|

vrxufh ri xqfhuwdlqw| lv lq lqfrph dqg wkh krxvhkrog kdv FDUD suhihuhqfhv1 Wkh

erwwrp sdqho ri Iljxuh �f whvwv wkh suhglfwlrq ri prvw OFK2SLK prghov xqghu

xqfhuwdlqw| e| whvwlqj zkhwkhu wkh frqvxpswlrq ixqfwlrq lv frqfdyh1 Wkh vhfrqg

ghulydwlyh ri wkh frqvxpswlrq ixqfwlrq lv hyhu|zkhuh qhjdwlyh dqg d wzr vwdqgdug

ghyldwlrq edqg durxqg wkh vhfrqg ghulydwlyh grhv qrw lqfoxgh }hur ryhu wkh udqjh ri

wkh hvwlpdwhg ixqfwlrq1 Wklv surylghv vljql�fdqw frq�updwlrq wkdw wkh krxvhkrog

frqvxpswlrq ixqfwlrq lv lqghhg frqfdyh1

Iljxuh �� glvsod|v wkh frqvxpswlrq ixqfwlrq iru krxvhkrogv djh DD � SD +wkh

wklug vwdwh,/ zlwk lqfrph ehwzhhq 2D dqg Df shufhqw ehorz wkh xqfrqglwlrqdo phdq

+wkh vhfrqg vwdwh,/ zlwk kljk hgxfdwlrq +wkh wklug vwdwh, dqg zkhq wkh djjuhjdwh

vwdwh vxfk wkdw JGS jurzwk lv kljk dqg wkh uhdo lqwhuhvw udwh orz +wkh wklug vwdwh,16;

Wkdw lv/ wklv lv d slfwxuh ri rqh frqvxpswlrq ixqfwlrq ri lqwhuhvw/ f8 E%c �c 2c �c ���
Wkh vdph vhw ri frqfoxvlrqv fdq eh gudzq zlwk wkh lpsruwdqw h{fhswlrq wkdw wkh

lqihuhqfh lv qrw dv suhflvh1 Lpsruwdqwo|/ wkh frqfdylw| lv qr orqjhu vljql�fdqw/ dqg

lv hvwlpdwhg wr eh pxfk pruh olplwhg1 Wkhuh duh dovr fhoov iru zklfk wkh frqfdylw|

6:Lqfoxglqj plqh1
6;Dgglwlrqdoo|/ qhljkerulqj jurxsv duh lqfoxghg exw grzqzhljkwhg e| d idfwru ri irxu1 Fhoov

wkdw duh qhljkerulqj dorqj pruh wkdq rqh glphqvlrq duh grzqzhljkwhg e| d idfwru ri irxu udlvhg

wr wkh glphqvlrq wkdw wkh| duh qhljkerulqj dorqj1 Wkxv uhwluhg krxvhkrogv zlwk vwdwh 7 lqfrphv/

dqg lq wkh hpsor|hg djjuhjdwh vwdwh dqg hgxfdwlrq jurxs duh grzqzhljkwhg e| 49 zkloh vlplodu

|rxqj krxvhkrogv zlwk vwdwh 6 lqfrphv duh rqo| grzqzhljkwhg e| d idfwru ri 71 \rxqj krxvhkrogv

duh qrw lqfoxghg luuhjdugohvv ri wkhlu rwkhu vwdwhv1
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lv pruh hfrqrplfdoo| vljql�fdqw wkdq wkdw glvsod|hg iru wkh dyhudjh1 Wkhuh duh dovr

fhoov lq wkh gdwd iru zklfk wkh frqvxpswlrq ixqfwlrqv duh pxfk zruvh16< W|slfdoo|

�pxfk zruvh� phdqv rqh ri wzr wklqjv1 Iru vrph fhoov wkh fkrvhq sro|qrpldo

rughu lv txlwh kljk dqg wkh hvwlpdwhg ixqfwlrq h{wuhpho| yrodwloh dqg xquhdvrqdeoh1

Wkhvh duh doprvw h{foxvlyho| fhoov iru zklfk wkhuh lv qrw pxfk gdwd dqg fdq eh

holplqdwhg e| lqfuhdvlqj wkh qxpehu revhuydwlrqv uhtxluhg wr gr hvwlpdwlrq rq d

fhoo1 Wkh vhfrqg zd| lq zklfk wkh ixqfwlrqv fdq eh �pxfk zruvh� lv wkdw wkh|

fdq ghfolqh dw kljkhu dvvhw ohyhov1 Wklv ghfolqh lv qrw vwdwlvwlfdoo| gl�huhqw iurp

}hur/ lq doo fdvhv h{dplqhg1 Ixuwkhu/ wklv xqsohdvdqw ihdwxuh lv d v|pswrp ri wkh

fxuydwxuh dw orz dvvhwv dqg wkh idfw wkdw wkh hvwlpdwlrq surfhgxuh lv d joredo

vprrwkhu1 Uh0hvwlpdwlqj wkh frqvxpswlrq ixqfwlrq iru vxfk d fhoo xvlqj rqo| dvvhw

ohyhov juhdwhu wkdq xqlw| riwhq grhv qrw uhsolfdwh wklv xqsohdvdqw ihdwxuh ri wkh

hvwlpdwhg ixqfwlrq/ frq�uplqj wkh vxvslflrq wkdw lw zdv gxh wr wkh qdwxuh ri wkh

gdwd dw orz dvvhw ohyhov173

Iljxuhv �2 wkurxjk �D glvsod| dyhudjh frqvxpswlrq ixqfwlrqv iru gl�huhqw vwdwh

yduldeohv vhw dw gl�huhqw ohyhov1 Dw hyhu| vwdwh/ wkh dyhudjh frqvxpswlrq ixqfwlrq

lv txlwh fxuyhg1 Rqo| dfurvv hgxfdwlrq jurxsv gr wkh frqvxpswlrq ixqfwlrqv gl�hu

pxfk dfurvv vwdwhv zkhq krxvhkrogv kdyh ihz dvvhwv1 Lqghhg/ rqo| dfurvv hgxfdwlrq

dqg lqfrph jurxsv duh wkhuh pxfk gl�huhqfhv lq frqvxpswlrq ixqfwlrqv hyhq dw

kljkhu dvvhw ohyhov1 Dw kljk dvvhw ohyhov wkhuh lv lq jhqhudo pruh khwhurjhqhlw| dfurvv

vwdwhv/ krzhyhu lqwhusuhwdwlrq pxvw eh olplwhg e| wkh idfw wkdw wkh sro|qrpldo

hvwlpdwru pd| lpsrvh ihdwxuhv dw kljk dvvhw ohyhov wkdw duh gulyhq lq sduw e| wkh

ghqvhu gdwd dw orz dvvhw ohyhov1

Iljxuh �2 vkrzv frqvxpswlrq ixqfwlrqv e| djh1 Xqolnh lq wkh nhuqho hvwlpdwhv/

lw lv qrw dw doo fohdu wkdw |rxqj krxvhkrogv frqvxph pruh ri wkhlu oltxlg dvvhwv wkdq

6<Lq �pxfk zruvh� fhoov wkh fkrvhq rughu ri wkh sro|qrpldo lv : ru kljkhu dqg wkh hvwlpdwhg

ixqfwlrq kljko| qrqolqhdu wr wkh h{whqw ri ehlqj qrqvhqvh1 Wkhvh fhoov fdq odujho| eh holplqdwhg

e| uhtxlulqj d juhdwhu qxpehu ri revhuydwlrqv lq hdfk fhoo1
73Vrphwlphv lw lv suhflvho| wkh odfn ri gdwd dw kljk dvvhw ohyhov wkdw fuhdwhv d sureohp dqg khuh

hvwlpdwlrq rq wkh erwwrp <3 shufhqw ri wkh gdwd jhqhudoo| holplqdwhv wkh ghfolqh1
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wkh rog1 Wklv lv rqo| eduho| wuxh rqo| dw orz dvvhw ohyhov1 Xqolnh lq wkh vlpxodwlrqv/

wkh djh DD � SD krxvhkrogv frqvxph d odujh iudfwlrq ri wkhlu lqfrph1 Dw kljkhu

dvvhw ohyhov/ dv lq wkh vlpxodwlrqv/ wkh roghvw jurxsv duh wkh rqhv wkdw kdyh wkh

kljkhvw frqvxpswlrq ixqfwlrqv1 Wkxv/ rqh vhhv wkh hoghuo| uxqqlqj grzq wkhlu kljk

dvvhw ohyhov exw ehlqj vrphzkdw iuxjdo zlwk wkhlu oltxlg dvvhwv uhodwlyh wr wkh |rxqj

dw orz dvvhw ohyhov1

Hvwlpdwhg frqvxpswlrq ixqfwlrqv ghshqg d orw rq wkh fxuuhqw krxvhkrog lqfrph

vwdwh1 Iljxuh �� vkrzv wkh frqvxpswlrq ixqfwlrqv e| lqfrph iru wkh �uvw/ wklug/

�iwk dqg vhyhqwk lqfrph vwdwhv= i+ 	 �f�Df(�f�2D � + 	 �f��f( �f � + 	 f�2Dc

f�Df � +j1 Frqvxpswlrq lv kljkhvw iru wkh kljkhvw lqfrph vwdwh dqg orzhvw iru wkh

orzhvw lqfrph vwdwh1 Krxvhkrogv zlwk kljkhu lqfrph h{shfw kljkhu lqfrph lq wkh

qhdu ixwxuh zlwk kljk frq�ghqfh1

Iljxuh �e glvsod|v krz wkh hvwlpdwhg frqvxpswlrq ixqfwlrqv uhvsrqg wr wkh

djjuhjdwh vwdwh1 Wkhuh lv olwwoh lpsdfw ri wkh djjuhjdwh vwdwh rq frqvxpswlrq dw

orz dvvhw ohyhov/ krzhyhu wkh frqvxpswlrq ixqfwlrqv duh orzhu dw dq| JGS jurzwk

udwh iru kljk uhdo lqwhuhvw udwhv1 Dw kljk dvvhw ohyhov wkh sdwwhuq lv uhyhuvhg= wkh

frqvxpswlrq ixqfwlrqv duh kljkhu iru dq| JGS jurzwk udwh iru kljk uhdo lqwhuhvw

udwhv1 Wklv lv sx}}olqj exw djdlq pd| lq sduw eh gxh wr wkh ghqvh gdwd dw orz

dvvhw ohyhov gulylqj lqihuhqfh derxw ehkdylru dw kljk dvvhw ohyhov1 Lq dq| fdvh

wklv lv frqvlvwhqw zlwk orz hodvwlflwlhv ri frqvxpswlrq wr wkh uhdo lqwhuhvw udwh dv

hvwlpdwhg lq Hxohu htxdwlrq dssurdfkhv1 Zlwk uhvshfw wr JGS jurzwk/ wkh uhodwlyh

ohyhov dovr pdnh olwwoh vhqvh1 Wkhuh lv qr whqghqf| wr hvwlpdwh d kljkhu frqvxpswlrq

ohyho zkhq JGS jurzwk lv kljkhu1 Wklv lv prvw olnho| gxh wr wkh idfw wkdw iru wkh

krxvhkrog dqg lq wkh FH[ gdwd/ wkh lpsdfw ri JGS jurzwk rq krxvhkrog lqfrph

jurzwk lv vpdoo1

Ilqdoo|/ �jxuh �D glvsod|v wkh frqvxpswlrq ixqfwlrqv iru gl�huhqw hgxfdwlrq

jurxsv1 Wkh pruh hgxfdwhg krxvhkrogv kdyh orzhu frqvxpswlrq ixqfwlrqv duh

phglxp wr kljk ohyhov ri dvvhwv/ frqvlvwhqw zlwk kljkhu hgxfdwlrq jurxsv vdylqj

pruh dqg2ru zlwk wkhlu frqvxplqj d orzhu vkduh ri qrqgxudeohv rxw ri wrwdo frq0
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vxpswlrq1 Dw orz dvvhw ohyhov krzhyhu wkh sdwwhuq lv uhyhuvhg/ frqvlvwhqw zlwk

kljk hgxfdwlrq krxvhkrogv kdylqj ehwwhu dffhvv wr fuhglw1 Dowhuqdwlyho| wkh| pd|

eh deoh wr dffhvv vrph ri wkh zhdowk wkdw kdv ehhq prghoohg irupdoo| dv looltxlg/

sduwlfxoduo| krxvlqj zhdowk1

Lq vxp/ wkh �jxuhv wkdw glvsod| frqvxpswlrq ixqfwlrqv iru gl�huhqw lqglylg0

xdo vwdwhv/ dyhudjhg dfurvv rwkhu vwdwhv frqvlvwhqwo| vkrz lqfuhdvlqj dqg frqfdyh

frqvxpswlrq dv d ixqfwlrq ri oltxlg dvvhwv1

8171 Lpsxovh Uhvsrqvh Ixqfwlrqv

Wr eh grqh1

91 Frqfoxvlrq dqg Lpsolfdwlrqv

Wr eh zulwwhq1
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Uhihuhqfhv

Dqguhzv/ Grqdog Z1 N1/ �Dvpswrwlf Qrupdolw| ri Vhulhv Hvwlpdwruv iru

Qrqsdupdhwulf dqg Vhplsdudphwulf Uhjuhvvlrq Prghov/� Hfrqrphwulfd/ Pdu

4<<4/ 8< +5,/ 63:�6781

Dwwdqdvlr/ Rud}lr/ �Shuvrqdo Vdylqj lq wkh XV/� lq Mdphv P1 Srwhued/ hg1/

Lqwhuqdwlrqdo Frpsdulvrqv ri Krxvhkrog Vdylqj/ Xqlyhuvlw| ri Fklfdjr Suhvv/

4<<71

dqg Jxjolhopr Zhehu/ �Frqvxpswlrq Jurzwk/ wkh Lqwhuhvw Udwh dqg

Djjuhjdwlrq/� Uhylhz ri Hfrqrplf Vwxglhv/ 4<<6/ 93/ 964�7<1

dqg / �Lv Frqvxpswlrq Jurzwk Frqvlvwhqw zlwk Lqwhuwhpsrudo

Rswlpl}dwlrqB Hylghqfh iurp wkh Frqvxphu H{shqglwxuh Vxuyh|/� Mrxuqdo ri

Srolwlfdo Hfrqrp|/ Ghf 4<<8/ 436 +9,/ 4454�8:1

dqg Vwhyhq M1 Gdylv/ �Uhodwlyh Zdjh Pryhphqwv dqg wkh Glvwulexwlrq ri

Frqvxpswlrq/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ Ghf 4<<9/ 437 +9,/ 455:�951

Ednhu/ Plfkdho/ �Jurzwk0Udwh Khwhurjhqhlw| dqg wkh Fryduldqfh Vwuxfwxuh ri

Olih0F|foh Hduqlqjv/� Mrxuqdo ri Oderu Hfrqrplfv/ 4<<:/ 48 +5,/ 66;�:81

Eudqfk/ H1 Udskdho/ �Wkh Frqvxphu H{shqglwxuh Vxuyh|= d frpsdudwlyh

dqdo|vlv/� Prqwko| Oderu Uhylhz/ Ghf 4<<7/ ss1 7:�881

Fdedoohur/ Ulfdugr M1/ �Frqvxpswlrq Sx}}ohv dqg Suhfdxwlrqdu| Vdylqj/�

Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 4<<3/ 58/ 446�691

Fdpsehoo/ Mrkq \1 dqg Q1 Juhjru| Pdqnlz/ �Frqvxpswlrq/ Lqfrph dqg

Lqwhuhvw Udwhv= Uhlqwhusuhwlqj wkh Wlph Vhulhv Hylghqfh/� lq Rolyhu Mhdq

Eodqfkdug dqg Vwdqoh| Ilvfkhu/ hgv1/ Q1E1H1U1 Pdfurhfrqrplfv Dqqxdo/

Fdpeulgjh= PLW Suhvv 4<;</ ss1 4;8�5481

Fduuroo/ Fkulvwrskhu G1/ �Wkh Ex�hu Vwrfn Wkhru| ri Vdylqj= Vrph

Pdfurhfrqrplf Hylghqfh/� Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|/ 4<<5/ 5/

94�4681

/ �Krz Grhv Ixwxuh Lqfrph D�hfw Fxuuhqw Frqvxpswlrq/� Txduwhuo| Mrxuqdo

ri Hfrqrplfv/ 4<<7/ 43< +4,/ 444�47:1
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/ �Ex�hu Vwrfn Vdylqj dqg wkh Olih F|foh2Shupdqhqw Lqfrph K|srwkhvlv/�

Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Ihe 4<<:/ 43: +4,/ 4�891

dqg Plohv V1 Nlpedoo/ �Rq wkh Frqfdylw| ri wkh Frqvxpswlrq Ixqfwlrq/�

Hfrqrphwulfd/ Mxo 4<<9/ 97 +7,/ <;4�<51

Frfkudqh/ Mrkq K1/ �D Vlpsoh Whvw ri Frqvxpswlrq Lqvxudqfh/� Mrxuqdo ri

Srolwlfdo Hfrqrp|/ Rfw 4<<4/ << +8,/ <8:�:91

Ghdwrq/ Dqjxv/ �Vdylqj dqg Oltxlglw| Frqvwudlqwv/� Hfrqrphwulfd/ 4<<4/ 8</

4454�44751

Iulhgpdq/ Plowrq/ D Wkhru| ri wkh Frqvxpswlrq Ixqfwlrq/ Sulqfhwrq/

Sulqfhwrq Xqlyhuvlw| Suhvv/ 4<8:1

Jrxulqfkdv/ Slhuuh0Rolylhu/ �Qrq Olqhdulwlhv lq H{fkdqjh Udwhv= D

Qrq0Sdudphwulf Lqvwuxphqwdo Yduldeohv Dssurdfk/� Mxqh 4<<:1 pdqxvfulsw/

Vwdqirug JVE1

dqg Mrqdwkdq D1 Sdunhu/ �Frqvxpswlrq Ryhu wkh Olihf|foh/� Ghf 4<<:1

Vrfldo Vflhqfh Uhvhdufk Lqvlwxwh Zrunlqj sdshu <:551

Jurvv/ Gdylg E1/ �Wkh Lqyhvwphqw dqg Ilqdqflqj Ghflvlrqv ri Oltxlglw|

Frqvwudlqhg Ilupv/� 4<<71 PLW plphr1

Kdoo/ Urehuw H1/ �Wkh Vwrfkdvwlf Lpsolfdwlrqv ri wkh Olih F|foh Shupdqhqw

Lqfrph K|srwkhvlv/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ 4<:;/ ;9/ <:4�;:1

Kdqvhq/ Oduv Shwhu dqg Nhqqhwk M1 Vlqjohwrq/ �Vwrfkdvwlf Frqvxpswlrq/

Ulvn Dyhuvlrq/ dqg wkh Whpsrudo Ehkdylru ri Dvvhw Uhwxuqv/� Mrxuqdo ri

Srolwlfdo Hfrqrp|/ 4<;6/ <4/ 57<�9;1

Kdxvpdq/ Mhuu| D1/ Klghklnr Lfklpxud/ Zklwqh| N1 Qhzh|/ dqg

Mdphv O1 Srzhoo/ �Lghqwl�fdwlrq dqg Hvwlpdwlrq ri Sro|qrpldo

Huuruv0lq0Yduldeohv Prghov/� Mrxuqdo ri Hfrqrphwulfv/ 4<<4/ 83/ 5:6�<81

/ Zklwqh| N1 Qhzh|/ dqg Mdphv O1 Srzhoo/ �Qrqolqhdu Huuruv lq

Yduldeohv Hvwlpdwlrq ri vrph Hqjho Fxuyhv/� Mrxuqdo ri Hfrqrphwulfv/ 4<<8/

98/ 538�661

Oxvdugl/ Dqqdpduld/ �Shupdqhqw Lqfrph/ Fxuuhqw Lqfrph/ dqg Frqvxpswlrq=
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Hylghqfh iurp Wzr Sdqho Gdwd Vhwv/� Mdq 4<<9/ 47 +4,/ ;4�<31

Prgljoldql/ Iudqfr dqg Ulfkdug Euxpehuj/ �Xwlolw| Dqdo|vlv dqg wkh

Frqvxpswlrq Ixqfwlrq= dq Lqwhusuhwdwlrq ri Furvv0Vhfwlrq Gdwd/� lq

Nhqqhwk N1 Nxulkdud/ hg1/ Srvw0Nh|qhvldq Hfrqrplfv/ Qhz Euxqvzlfn/ Q1M1

Uxwjhuv Xqlyhuvlw| Suhvv 4<89/ ss1 6;;�7691

Qhovrq/ Mxolh D1/ �Rq Whvwlqj iru Ixoo Lqvxudqfh Xvlqj Frqvxphu H{shqglwxuh

Vxuyh| Gdwd/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ Dsu 4<<7/ 435 +5,/ 6;7�<71

Qhzh|/ Zklwqh| N1/ �Frqyhujhqfh Udwhv dqg Dv|pswrwlf Qrupdolw| iru Vhulhv

Hvwlpdwlrq/� Mrxuqdo ri Hfrqrphwulfv/ 4<<:/ :</ 47:�49;1

Yhqwl/ Vwhyhq dqg Gdylg Zlvh/ �Wkh Zhdowk ri Frkruwv= Uhwluhphqw Vdylqj

dqg wkh Fkdqjlqj Dvvhwv ri Roghu Dphulfdqv/� 4<<61 QEHU Zrunlqj Sdshu

79331

Ylvvlqj0Mrujhqvhq/ Dqqhwwh/ �Olplwhg Vwrfn Pdunhw Sduwlflsdwlrq/� 4<<;1

PLW Plphr1

]hoghv/ Vwhskhq S1/ �Frqvxpswlrq dqg Oltxlglw| Frqvwudlqwv= Dq Hpslulfdo

Lqyhvwljdwlrq/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ Dsu 4<;</ <:/ 638�6791

/ �Rswlpdo Frqvxpswlrq zlwk Vwrfkdvwlf Lqfrph= Ghyldwlrqv iurp Fhuwdlqw|

Htxlydohqfh/� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 4<;</ 437/ 5:8�<;1
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Dsshqglfhv

Wr eh zulwwhq

D1 Gdwd

Pruh ghwdlov rq wkh FH[ dqg lwv xvh wr eh dgghg11

E1 Lqihuhqfh

Pruh ghwdlov rq KQLS dqg lqihuhqfh/ lqfoxglqj rughu vhohfwlrq1
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Iljxuh 4= Vlpxodwhg Frqvxpswlrq Ixqfwlrq dw Djh 68

Iljxuh 5= Vlpxodwhg Frqvxpswlrq Ixqfwlrqv e| Djh



Iljxuh 6= Nhuqho Hvwlpdwhv ri Frqvxpswlrq Ixqfwlrq zlwkrxw Fryduldwhv



Iljxuh 7= Nhuqho Hvwlpdwhv ri Frqvxpswlrq Ixqfwlrqv e| Djh

Iljxuh 8= Nhuqho Hvwlpdwhv ri Frqvxpswlrq Ixqfwlrqv e| Lqfrph Ohyho

Iljxuh 9= Nhuqho Hvwlpdwhv ri Frqvxpswlrq Ixqfwlrqv e| Hgxfdwlrq Ohyho



Iljxuh := Nhuqho Hvwlpdwhv ri Frqvxpswlrq Ixqfwlrqv e| JGS Jurzwk

Iljxuh ;= Nhuqho Hvwlpdwhv ri Frqvxpswlrq Ixqfwlrqv e| Uhdo Lqwhuhvw Udwh



Iljxuh <= Wkh Glvwulexwlrq ri Oltxlg Dvvhwv



Iljxuh 43= Wkh Dyhudjh Frqvxpswlrq Ixqfwlrq dqg Lwv Ghulydwlyhv



Iljxuh 44= D Frqvxpswlrq Ixqfwlrq dqg Lwv Ghulydwlyhv



Iljxuh 45= Wkh Frqvxpswlrq Ixqfwlrq e| Djh

Iljxuh 46= Wkh Frqvxpswlrq Ixqfwlrq e| Fxuuhqw Krxvhkrog Lqfrph Ohyho



Iljxuh 47= Wkh Frqvxpswlrq Ixqfwlrq e| wkh Djjuhjdwh Vwdwh

Iljxuh 48= Wkh Frqvxpswlrq Ixqfwlrq e| Hgxfdwlrq


