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ixqfwlrqv/ wkh guliw dqg gl�xvlrq frh�flhqw lq sulqflsoh fdq eh lghqwl�hg qrqsdudphwulfdoo|

xs wr vfdoh1 Zh zloo qrw eh wkdw dpelwlrxv khuh iru uhdvrqv wkdw zloo eh pdgh fohdu

vxevhtxhqwo|1
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dvvrfldwhg iruzdug dqg edfnzdug sduwldo gl�huhqwldo htxdwlrqv1 Wklv lghqwl�fdwlrq vfkhph
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53Vrph rwkhu hfrqrphwulf dqg vwdwlvwlfdo phwkrgv iru phdvxulqj yrodwlolw|/ vxfk dv wkrvh

vxjjhvwhg e| Ioruhqv0]plurx +4<<6,/ Jhqrw0Fdwdorw dqg Mdfrg +4<<6,/ devwudfw iurp guliw

fruuhfwlrqv zkhq orrnlqj dw wkh vtxduhg �uvw0gl�huhqfhv lq wkh wlph vhulhv gdwd dqg khqfh

duh qrw zhoo vxlwhg iru rxu hvwlpdwlrq sureohp1
54Irvwhu dqg Qhovrq +4<<9, sursrvh dqg dqdo|}h phwkrgv iru hvwlpdwlqj yrodwlolw| dv d

ixqfwlrq ri fdohqgdu wlph1 Zkhq wkh gluhfwlqj surfhvv �m @
U m

3
}wgw/ wkhlu phwkrgv duh

dlphg dw phdvxulqj wkh orfdo yduldqfh jlyhq e| �}m+|m,
� lq rxu vhwxs iurp qhdue| +lq

fdohqgdu wlph, vtxduhg �uvw gl�huhqfhv1 Djdlq/ guliw fruuhfwlrqv zrxog vhhp wr eh ylwdo

iru vpdoo lqwhuhvw udwhv1
55Wkh dujxphqw fdq eh h{whqghg wr whvw ixqfwlrqv # = LU5

$ LU e| xvlqj wkh idfw wkdw

H^#+{w> {v,` @ H^#+{v> {w,` xqghu vwdwlrqdulw| dqg uhyhuvlelolw|1 Kdqvhq dqg Vfkhlqnpdq

+4<<8, hvwdeolvkhg wkh dqdorjrxv uhvxow wr prphqw frqglwlrq +49, iru ixqfwlrqv= #+x> y, @

!+x,!�+y,=
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56Zh wuhdwhg wkh vwdwlrqdu| vfdodu gl�xvlrq surfhvv dv wkh wdujhw surfhvv ri wkh hpslulfdo

h{huflvh dqg pdnh qr dwwhpsw wr fkdudfwhul}h wkh _vdpsolqj surfhvv1% Ri frxuvh wkh

_vdpsolqj% ru _gluhfwlqj surfhvv% lv ri frqvlghudeoh lqwhuhvw lq lwv rzq uljkw> dqg rxu

hpslulfdo lqyhvwljdwlrq surylghv qr gluhfw lqirupdwlrq derxw lw1 Wr h{wudfw wklv lqirupdwlrq

uhtxluhv rwkhu phwkrgv dqg2ru gdwd1 Iru h{dpsohv ri hpslulfdo lpsohphqwdwlrqv ri prghov

zlwk wlph ghirupdwlrq wkdw gr fkdudfwhul}h wkh vdpsolqj surfhvv/ vhh Jk|vhov dqg Mdvldn

+4<<8,/ Kduulv +4<;:,/ Vwrfn +4<;;,/ dqg Wdxfkhq dqg Slwwv +4<;6,1
57Zkhq zh dssolhg wkhvh vdph hvwlpdwlrq phwkrgv wr rqh0prqwk Wuhdvxu| eloov/ zh

zhuh xqdeoh wr �qg hylghqfh djdlqvw vpdoohu yrodwlolw| hodvwlflwlhv lqfoxglqj dq hodvwlflw| ri

rqh0kdoi1 Wkxv wkhvh Wuhdvxu| eloo uhvxowv duh qrw lq frq�lfw zlwk rqh ri wkh pdlq �qglqjv

ri Dqghuvhq dqg Oxqg*v +4<<:, vwxg|1 Wkh| xvhg d wljkwo| sdudphwhul}hg/ pxowlyduldwh

gl�xvlrq prgho ri wkh vkruw0whup lqwhuhvw udwh dqg hvwlpdwhg d yrodwlolw| hodvwlflw| forvh

wr rqh0kdoi1
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58Wklv wrslf lv lpsruwdqw iru dqrwkhu uhdvrq1 Wkhuh duh glvfuhsdqflhv ehwzhhq vrph ri

rxu uhvxowv dqg wkrvh uhsruwhg lq frqfxuuhqw zrun e| D��w0Vdkdold +4<<9e,1 D��w0Vdkdold xvhg

dowhuqdwlyh hfrqrphwulf phwkrgv wkdw h{sorlw vlplodu lghqwli|lqj lqirupdwlrq1 Kh dujxhg

wkdw d pruh frpsolfdwhg vshfl�fdwlrq ri wkh gl�xvlrq frh�flhqw lv qhhghg wr �w wkh lpsolhg

vwdwlrqdu| ghqvlw|1 Lq frqwudvw/ zh fodlphg wkdw rxu guliw vshfl�fdwlrq lv �h{leoh hqrxjk wr

dgdsw wr d zlgh udqjh ri yrodwlolw| hodvwlflwlhv dqg vwloo pdwfk wkh vwdwlrqdu| ghqvlw|1 Wklv

whqvlrq lq uhvxowv pd| eh gxh lq sduw wr gdwd gl�huhqfhv1 Krzhyhu/ lw lv dq rshq txhvwlrq

dv wr zklfk/ li hlwkhu/ odujh vdpsoh lqihuhqfh phwkrg lv uholdeoh lq sudfwlfh1
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Local Linear Pull Estimates for     γ = 1       (δ=3)
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Local Linear Pull Estimates for     γ = 4       (δ=3)
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Local Linear Pull Estimates for    γ = 4       (δ=6)
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