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ABSTRACT 
 

 We put in perspective two competing hypothesis on the nature of 
intergenerational transfers: altruism vs. exchange motivation. Unlike previous 
approaches, we concentrate on non-monetary transfers measured as the effort 
that parents need to make in order to prevent children’s fatal health episodes. It is 
shown that, under the pure altruism hypothesis richer parents should be more 
prompt than poorer ones to exert this effort in the face of a bad-health signal. 
Inversely, richer parents would need to observe a higher signal than poorer when 
parents consider raising healthy children as an investment for the future times. 
Using data on frequency of utilization of the emergency room services and 
doctor’s office visits by low-age children, infant mortality and home-accident 
preventive care, we reject the null of altruism. Instead, we conclude that 
exchange motives do not enter into contradiction with the evidence. 
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X Y
LQWURGXFWLRQ

Xqghuvwdqglqj wkh ghwhuplqdqwv ri wkh wudqvihuv ehwzhhq sduhqwv dqg fkloguhq lv

dq hvvhqwldo lvvxh lq vhyhudo surplqhqw �hogv ri Hfrqrplfv1 Iru lqvwdqfh/ lq vrph

prghov ri Sxeolf Hfrqrplfv wkrvh wudqvihuv kdyh lpsruwdqw frqvhtxhqfhv uhjduglqj

wkh �qdqfldo lpsdfw ri wd{hv rq Vrfldo Vhfxulw| v|vwhpv ehfdxvh wkh ghwhuplqdqwv ri

vdylqjv e| idplolhv fdqqrw eh ixoo| xqghuvwrrg zlwkrxw frqvlghulqj wkh hfrqrplf olqnv

ehwzhhq sduhqwv dqg fkloguhq1 Lq rwkhu duhdv vxfk dv hfrqrplf jurzwk/ lqyhvwphqw lq

kxpdq fdslwdo dqg lqfrph glvwulexwlrq/ d ehwwhu xqghuvwdqglqj ri wkh qdwxuh ri wklv

uhodwlrqvkls lv ixqgdphqwdo1

Wkhuh duh wzr pdlq gl�huhqw sdudgljpv zlwk uhvshfw wr wklv lqwhujhqhudwlrqdo olqn0

djh dqg hfrqrplvwv kdyh qrw |hw uhdfkhg dq djuhhphqw rq zklfk ri wkhp ghvfulehv

pruh dffxudwho| wkh ehkdylru ri idplolhv1 Li wkh zhoiduh ri fkloguhq hqwhuv gluhfwo| lqwr

wkh suhihuhqfhv ri wkhlu sduhqwv/ +Eduur/ 4<:7> Ehfnhu/ 4<:7/ 4<<4,/ lqwhujhqhudwlrqdo

wudqvihuv
Z

zloo riwhq eh revhuyhg1 Zh zloo uhihu wr wklv dssurdfk dv wkh dowuxlvwlf prgho
[

khqfhiruwk1 Dowhuqdwlyho|/ lw lv uhdvrqdeoh wr wklqn wkdw sduhqwv pd| jlyh wudqvihuv dqg

lqyhvw lq wkh kxpdq fdslwdo ri wkhlu fkloguhq pdlqo| ehfdxvh wkh| h{shfw vrph w|sh

ri uhwxuq iurp wkhlu fkloguhq lq wkh ixwxuh +vhh Ehuqkhlp/ Vkohlihu/ ) Vxpphuv/ 4<;8>

Fr{/ 4<;:,1 Zh zloo uhihu wr wklv dssurdfk dv wkh h{fkdqjh prgho1

Dv erwk sdudgljpv gr jhqhudwh gl�huhqw suhglfwlrqv frqfhuqlqj vhyhudo revhuydeoh

hfrqrplf skhqrphqd/ lw lv uhdvrqdeoh wr wklqn wkdw glvfulplqdwlqj ehwzhhq wkh wzr

\
Lq wklv fdvh/ wkh prgho suhglfwv wkdw sduhqwv zloo pdnh lqwhu ylyrv dqg srvw pruwhp

frpshqvdwru| wudqvihuv1 Vhh/ iru h{dpsoh/ Dowrqml/ Kd|dvkl/ dqg Nrwolnr� +4<<:, dqg
Fr{ dqg Udqn +4<<5,1]

Lq wkh frqwh{w ri rxu sdshu/ wkh %mr| ri jlylqj% dssurdfk lq/ iru h{dpsoh/ Dqguhrql
+4<;<, dqg Kxug +4<;<, lv htxlydohqw wr wkh dowuxlvwlf dssurdfk lq Eduur +4<:7, dqg
Ehfnhu +4<:7/ 4<<4,1
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sdudgljpv frxog eh grqh rq wkh edvlv ri hpslulfv +Dowrqml/ Kd|dvkl/ ) Nrwolnr�/

4<<5, 1 Prvw ri wkh hpslulfdo sdshuv dqdo|}h prqhwdu| wudqvihuv +ehtxhvwv lq Wrphv/

4<;4/ jliwv lq Phqfkln/ 4<;3, dqg lqyhvwphqw lq kxpdq fdslwdo vxfk dv hgxfdwlrq

iru fkloguhq1 Wkh uhvxowv/ krzhyhu/ duh lqfrqfoxvlyh ehfdxvh lw lv kdug wr glvwlqjxlvk

ehwzhhq wudqvihuv wr fkloguhq gxh wr dowuxlvwlf uhdvrqv dqg wudqvihuv wkdw duh sduw ri

dq lpsolflw frqwudfw ehwzhhq jhqhudwlrqv dv d uhdfwlrq wr pdunhw lpshuihfwlrqv1 Wklv

sdshu dgrswv d qryho vwudwhj| lq wkdw zh irfxv rq qrq0prqhwdu| wudqvihuv lq wkh hduo|

djhv ri wkh r�svulqj 1 E| grlqj vr/ zh h{shfw wr uhgxfh/ zkhq idflqj wkh hpslulfdo

gdwd/ wkh glvwruwlrq lq wkh sduhqwv* wudqvihuv zklfk lv lqwurgxfhg e| wkh lqfrph h�hfw1

Lq sduwlfxodu/ zh zloo frqvwuxfw d wkhruhwlfdo prgho wkdw suhglfwv d gl�huhqw sdwwhuq ri

sduhqwv* h�ruw lq fkloguhq*v khdowk fduh zlwk uhvshfw wr wkhlu lqfrph lq wkh dowuxlvwlf dqg

lq wkh lqyhvwphqw prghov1 Qdpho|/ zh zloo dujxh wkdw xqghu wkh dowuxlvwlf dssurdfk/

ulfk sduhqwv wdnh wkhlu fkloguhq pruh riwhq wr wkh Hphujhqf| Urrp +HU, wkdq wkh srru

fhwhulv sdulexv1 Rq wkh rwkhu kdqg/ lq wkh lqyhvwphqw prgho/ d srvlwlyh prqrwrqlf

uhodwlrq ehwzhhq sduhqwv* lqfrph dqg wkh xvh ri wkh HU grhv qrw qhfhvvdulo| krog1

Pruhryhu/ wklv dssurdfk shuplwv wr h{sorlw lqirupdwlrq iurp gdwd edvhv zklfk kdyh

qrw |hw ehhq xvhg lq wklv duhd1 Zh xvh gdwd iurp wkh 4<<< dqg wkh 5333 Qdwlrqdo

Khdowk Lqwhuylhz Vxuyh| +QKLV/ khqfhiruwk,1 Wklv vxuyh| surylghv d ulfk vrxufh ri

lqirupdwlrq rq vrflrhfrqrplf dqg khdowk frqglwlrqv iru d odujh qxpehu ri XV idplolhv1

Wkh hpslulfdo hylghqfh iurp wkh QKLV fohduo| vkrzv d vwurqj qhjdwlyh uhodwlrqvkls

ehwzhhq wkh iuhtxhqf| ri xwlol}dwlrq ri HU vhuylfhv dqg idplo| lqfrph1 Wkxv/ rxu

hvwlpdwhv surylgh pruh hylghqfh lq idyrxu ri d prgho zkhuh sduhqwv ehkdyh lq d pdqqhu

wkdw lv qrw sxuho| dowuxlvwlf1
_

Wkh lqwxlwlrq ehklqg rxu hpslulfdo �qglqj lv fohdu=

`
Dq dowhuqdwlyh lqwhusuhwdwlrq ri wkhvh uhvxowv lv wkdw wkh sxuho| dowuxlvwlf prgho lv
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fkloguhq duh ohvv lpsruwdqw iru ulfk idplolhv dv dq lqyhvwphqw jrrg wkdq wkh| duh iru

wkh srru ehfdxvh wkh| surylgh d uhodwlyho| orzhu uhwxuq lq wkh ixwxuh1 Lq idfw/ wklv

uhwxuq vkrxog eh uhodwhg wr wkh h{shfwhg hfrqrplf vlwxdwlrq ri wkh fkloguhq lq wkh

ixwxuh dqg li fkloguhq lq srru idplolhv duh h{shfwhg wr eh uhodwlyho| ulfkhu wkdq wkhlu

sduhqwv lw iroorzv wkdw wkh h{shfwhg uhwxuq rq d fklog*v lqyhvwphqw lv kljkhu iru srru

sduhqwv wkdq iru zhdowk| sduhqwv1 Wklv dovr lpsolhv wkdw lq hfrqrplhv zlwk d orw ri

lqwhujhqhudwlrqdo vrfldo prelolw|/ l1h1 zkhuh wkh uhodwlrq ehwzhhq fkloguhq*v lqfrph

dqg sduhqwv* lqfrph lv yhu| zhdn/ ulfk idplolhv �qg lw ohvv sur�wdeoh wr lqyhvw lq wkhlu

fkloguhq1 Zh �qg wkdw wkh gdwd lv dovr frqvlvwhqw zlwk wklv suhglfwlrq1

Rxu hpslulfdo dssurdfk wr whvw wkh suhglfwlrqv ri wkh wkhruhwlfdo prgho xvhv wkh

iuhtxhqf| ri HU xwlol}dwlrq lq wkh QKLV gdwdedvh dqg frqwurov iru pdq| khdowk dqg

vrflr0hfrqrplf idfwruv1 Krzhyhu/ iurp d fulwlf srlqw ri ylhz lw frxog eh dujxhg wkdw rxu

frqfoxvlrqv duh wkh uhvxow ri rwkhu frpsoh{ hfrqrplf dqg vrfldo irufhv ehklqg wkh khdowk

surylvlrq pdunhw/ gxh wr dq lqdssursuldwh frqwuro iru xqrevhuydeoh yduldeohv1 Wkxv/

xvlqj gdwd iurp wkh Qdwlrqdo Vxuyh| ri Hduo| Fklogkrrg Khdowk +QVHFK/ khqfhiruwk,/

zh zloo dovr furvv0whvw rxu uhvxowv zlwk d gl�huhqw phdvxuh ri sduhqwv* fklog0fduh h�ruw1

Khuh/ zh wdnh wkh hvwlpdwhv ri d prgho lq zklfk wkh hqgrjhqrxv yduldeoh lv wkh krph0

dfflghqw suhyhqwlyh phdvxuhv hpeudfhg e| sduhqwv dqg zh �qg wkdw wkh| surylgh

dgglwlrqdo hylghqfh lq idyrxu ri wkh lqyhvwphqw prgho1

Ixuwkhupruh/ rqh vkrxog h{shfw wkdw li rxu suhylrxv �qglqjv duh fruuhfw/ fkloguhq ri

ulfk idplolhv vkrxog idfh kljkhu pruwdolw| udwhv iurp vhulrxv glvhdvhv zkrvh suhydohqfh

lv zhoo0nqrzq wr eh lqghshqghqw ri lqfrph frpsduhg wr fkloguhq iurp srru idplolhv1

pruh uhohydqw dprqj ulfk idplolhv zkloh wkh lqyhvwhphqw prgho lv pruh uhohydqw dprqj
srru idplolhv1
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Zh wu| wr fkhfn zkhwkhu wklv srvlwlyh uhodwlrqvkls ehwzhhq idplo| lqfrph dqg lqidqw

pruwdolw| krogv ru qrw e| xvlqj gdwd iurp wkh 4<;; Pdwhuqdo dqg Lqidqw Khdowk Vxuyh|

+PLKV khqfhiruwk,1 Wkh dqdo|vlv ri wkh PLKV vkrzv wkdw vxfk d srvlwlyh uhodwlrqvkls

krogv dowkrxjk qrw vljql!fdqwo| ehfdxvh ri wkh vpdoo vdpsoh vl}h1

Ryhudoo/ wkh sdshu surylghv hylghqfh rq wkh ehkdylrxu ri sduhqwv uhjduglqj vhyhudo

w|shv ri khdowk lqyhvwphqw lq fkloguhq wkdw lv gl!fxow wr h{sodlq e| mxvw dvvxplqj

wkh dowuxlvw dssurdfk/ dqg wkxv zh fodlp wkdw wkh dowhuqdwlyh lqyhvwphqw dssurdfk �wv

vxfk hylghqfh ehwwhu1 Qhhgohvv wr vd|/ wkh uhdghu vkrxog qrw lqwhusuhw wklv fodlp dv

htxlydohqw wr vd|lqj wkdw wkh dowuxlvp lv devhqw lq lqwhujhqhudwlrqdo uhodwlrqvkls1 Rq

wkh frqwudu|/ d vhqvleoh lqwhusuhwdwlrq ri wkh uhvxowv lv wkdw/ hyhq wkrxjk sduhqwv fduh

derxw wkh zhoiduh ri wkhlu fkloguhq/ wkh lqyhvwphqw prwlydwlrq lv dovr sod|lqj d uroh lq

ghyhorshg hfrqrplhv dqg/ lq idfw/ rqh ri juhdwhu uhohydqfh1

c d
WKH WKHRUHWLFDO PRGHO

Zh frqvlghu d d prgho lqyroylqj wzr wlph shulrgv1 Zh devwudfw iurp ihuwlolw|

ghflvlrqv dqg frqvlghu idplolhv frqvlvwlqj ri sduhqwv dqg d vlqjoh gdxjkwhu1
e

Lq wkh

�uvw shulrg/ wkh gdxjkwhu lv d fklog dqg rqo| wkh sduhqwv zrun dqg frqvxph1 Lq wkh

vhfrqg shulrg/ wkh gdxjkwhu ehfrphv dq dgxow dqg erwk sduhqwv dqg gdxjkwhu zrun

dqg frqvxph1 Lq wkh �uvw shulrg/ sduhqwv frqvxph wkhlu zkroh fxuuhqw lqfrph/ |f > dqg

wkhuh lv qhlwkhu vdylqj qru eruurzlqj iru wkh qh{w shulrg1 Gxulqj wklv �uvw shulrg wkh

fklog pljkw vkrz v|pswrpv lqglfdwlqj wkh srvvlelolw| ri khu kdylqj d idwdo glvhdvh dqg

sduhqwv zloo kdyh wr ghflgh zkhwkhu wr wdnh khu ru qrw wr wkh HU1 Wdnlqj khu wr wkh

g
D prgho zkhuh ihuwlolw| lv hqgrjhqrxv vr wkdw sduhqwv kdyh wr ghflgh erwk rq wkh

qxpehu ri nlgv dqg rq wkh h�ruw vshqw rq wkhlu khdowk zrxog pdnh wkh dqdo|vlv pxfk
pruh frpsoh{ dqg lw zrxog suredeo| |lhog vlplodu uhvxowv

h
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HU uhtxluhv d qrq0prqhwdu| h�ruw e| wkh sduhqwv ri pdjqlwxgh f1 Ohw*v zulwh u ' � li

wkh fklog jhwv wkh glvhdvh dqg u ' f li vkh grhvq*w1 Sduhqwv gr qrw revhuyh u exw udwkhu

dq lqirupdwlyh vljqdo v 5 df> �o1 Wklv vljqdo fdq eh wkrxjkw ri dv ihyhu ru rwkhu jhqhudo

v|pswrpv zklfk gr qrw fohduo| lghqwli| wkh sdwkrorj| ri wkh fklog1 Zh ghqrwh wkh

+vxemhfwlyh, suredelolw| wkdw wkh fklog kdv wkh glvhdvh frqglwlrqdo rq revhuylqj vljqdo

v dv S Eu ' �mv� � sEv�/ zkhuh wkh ixqfwlrq sEv� lv lqfuhdvlqj lq v1 Wkxv/ wkh kljkhu

wkh ihyhu/ wkh pruh olnho| lw lv wkdw wkh fklog kdv d vhulrxv khdowk frqglwlrq vxfk dv/ iru

h{dpsoh/ phqlqjlwlv1
i

Lq wkh vhfrqg shulrg wkh fklog ehfrphv dq dgxow dqg khu khdowk vwdwxv lv uhdol}hg1

Li gxulqj khu fklogkrrg vkh kdg wkh glvhdvh exw vkh zdv qrw wuhdwhg/ lw lv dvvxphg wkdw

vkh ehfrphv glvdeohg lq hfrqrplf whupv1 Wklv phdqv wkdw vkh lv xqdeoh wr kdyh dq

lqghshqghqw surgxfwlyh olih dqg glvvdshduv dv dq hfrqrplf djhqw1 Li/ rq wkh frqwudu|/

vkh glg qrw kdyh wkh glvhdvh ru vkh glg exw zdv qrw wuhdwhg/ vkh jurzv lq d shuihfwo|

khdowk| frqglwlrq dqg ehfrphv d khdowk| dgxow1 Lq wkh vhfrqg shulrg/ khdowk| gdxjk0

whuv duh hqgrzhg zlwk dq lqfrph | j zklfk lv udqgrp zlwk h{shfwhg ydoxh | j 1 Iru

vlpsolflw|/ lw lv dvvxphg wkdw vxfk dq lqfrph wdnhv wkh ydoxh | k ' % k | j zlwk sured0

elolw| � � � dqg wkh ydoxh | l ' % l | j zlwk suredelolw| �/ zkhuh % k � �/ % l � � dqg

E� � ��| k n �| l ' | j 1 Lw lv uhdvrqdeoh wr dvvxph wkdw wkh h{shfwhg lqfrph | j ghshqgv

rq wkh sduhqwv* lqfrph | m dqg lv jlyhq e| | j ' yE| m � zkhuh wkh ixqfwlrq y lv lqfuhdvlqj

n
Sdwkrorjlhv olnh phqlqjrfrfdo lqihfwlrq/ vhswlfhpld/ phqlqjlwlv/ sqhxprqld/ dfxwh

eurqfklwlv dqg wkh olnh/ qrupdoo| frxuvh zlwk dssduhqwo| plog v|pswrpv exw wkh| duh
riwhq idwdo li sduhqwv gr qrw dfw vrrq hqrxjk1 Rqh fdq rewdlq fuxgh hvwlpdwhv ri sEv�/
l1h1/ wkh suredelolw| ri ghdwk diwhu uhfhlylqj d vljqdo iurp rqh ri wkhvh vshoov/ xvlqj gdwd
iurp wkh Qdwlrqdo Ylwdo Vwdwlvwlfv Uhsruw/ 5334/ dqg iurp rwkhu vrxufhv lq wkh Qdwlrqdo
Fhqwhu iru Khdowk Vwdwlvwlfv1 Xvlqj wkhvh gdwd zh irxqg wkdw vxfk d suredelolw| zdv
durxqg 424333 rq dyhudjh1 Wkh ghwdlov ri krz vxfk dq hvwlpdwlrq zdv frpsxwhg duh
dydlodeoh iurp wkh dxwkruv xsrq uhtxhvw1
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dqg frqfdyh1
p

Lw vkrxog eh qrwhg wkdw doo wkh uhvxowv lq wkh sdshu fdq dovr eh re0

wdlqhg dgrswlqj d ghwhuplqlvwlf dssurdfk lq zklfk % q ' % r 1 Lqwurgxflqj d vwrfkdvwlf

frpsrqhqw/ krzhyhu/ grhv qrw lqfuhdvh wkh frpsoh{lw| ri wkh prgho vxevwdqwldoo| exw

lqvwhdg khosv wr pdnh wkh lqwhusuhwdwlrq ri wkh lqyhvwphqw fdvh pruh fohdu1

Lw lv dvvxphg wkdw wkh sduhqwv* lqfrph lq wkh vhfrqg shulrg lv ghwhuplqlvwlf dqg

ri wkh vdph pdjqlwxgh dv wkhlu lqfrph lq wkh �uvw shulrg/ l1h1 |s = Wklv dvvxpswlrq lv

pdgh zlwkrxw orvv ri jhqhudolw| dqg vlplodu uhvxowv frxog eh rewdlqhg lq d prgho zlwk

hfrqrplf jurzwk zkhuh vwrfkdvwlf sduhqwv* lqfrph lq wkh vhfrqg shulrg lv vwrfkdvwlf1

Dovr gxulqj wklv vhfrqg shulrg/ prqhwdu| wudqvihuv duh doorzhg ehwzhhq sduhqwv dqg

gdxjkwhu1 Wr frqfhqwudwh wkh dqdo|vlv rq wkh lqwhuhvwlqj fdvhv/ dvvxph wkdw | r A |s
dqg | q ? |s 1

t
/ l1h1/ lq sulqflsoh/ wudqvihuv ehwzhhq sduhqwv dqg gdxjkwhu fdq jr hlwkhu

zd| lq wkh vhfrqg shulrg1

Khqfh/ wkh rqo| ghflvlrq yduldeoh ri sduhqwv lv zkhwkhu wr wdnh wkhlu fklog wr wkh

HU zkhq wkh| revhuyh v ru qrw1 Vxfk d ghflvlrq lv pdgh rq wkh edvlv ri wzr srvvleoh

dowhuqdwlyh frqvhtxhqfhv ri wkhlu dfwlrq

u v
Sxuh dowuxlvp= Sduhqwv oryh wkhlu fkloguhq dqg fduh derxw wkhlu zhoiduh dqg/

frqvhtxhqwo|/ wkh| zdqw wkhp wr uhdfk dgxowkrrg lq dq rswlpdo khdowk frqglwlrq1

u u v
H{fkdqjh prgho= Sduhqwv duh vho�vk dqg wkh| ghulyh xwlolw| rqo| iurp wkhlu rzq

w
Pxooljdq +4<<:, iru h{dpsoh/ surylghv d glvfxvvlrq rq wklv dvvxpswlrq dqg d vxuyh|

rq wkh hpslulfdo hvwlpdwlrq ri wkh ixqfwlrq y=x
Wklv dvvxpswlrq wrjhwkhu zlwk wkh suhylrxv rqh rq % q dqg % r lpso| wkdw

% q �
|s

yE|s �
� % r

iru doo |s 1 Lw zloo eh dvvxphg wkdw y y y � f1 Lq wklv fdvh/ wkh h{suhvvlrq z {| } z { ~ lv qrw

erxqghg deryh1 Wklv lv qrw d sureohp iru wkh h{lvwhqfh ri % r li wkhuh lv d pd{lpxp
lqfrph ohyho ri/ vd|/ '83313331
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frqvxpswlrq1 Krzhyhu/ wkh| nqrz wkh| pd| uhfhlyh khos iurp wkhlu fkloguhq lq

wkh ixwxuh1

Fdvxdo revhuydwlrq dqg lqwurvshfwlrq lqglfdwh wkdw erwk prwlyhv duh suhvhqw lq

fxuuhqw vrflhwlhv1 Wkh txhvwlrq lv zkhwkhu rqh ri wkh wzr idfwruv grplqdwhv wkh rwkhu

dqg zkhwkhu wkh deryh prgho doorzv xv wr exlog dq lpsohphqwdeoh whvw ri wklv txhvwlrq1

D vnhswlfdo uhdghu pd| dujxh wkdw vrph ri wkh dvvxpswlrqv deryh duh xquhdolvwlf ru wrr

vlpsolvwlf hyhq li rxu prgho lv lqwhqghg wr eh lqvwuxphqwdo dqg qrw d ghvfulswlrq ri wkh

ghwhuplqdqwv ri HU vhuylfhv ghpdqg1 Sduwlfxoduo|/ wzr dvvxpswlrqv duh surqh wr vxfk

fulwlflvp dqg duh fhqwudo wr rxu uhvxowv= �uvw/ wkdw wkh h�ruw f lv qrq0prqhwdu| dqg

vhfrqg/ wkdw S ureEu ' �� dqg sEv� gr qrw ghshqg rq lqfrph1 Krzhyhu/ zkhq exloglqj

rxu whvwlqj surfhgxuhv/ zh zloo frqwuro iru wkrvh idfwruv wkdw pd| eh fruuhodwhg zlwk

lqfrph dqg dw wkh vdph wlph d�hfwlqj f/ S ureEu ' �� ru sEv�/ vxfk dv h{0dqwh khdowk

vwdwxv/ hgxfdwlrq ri sduhqwv/ w|sh ri lqvxudqfh ehqh�wv/ dqg rwkhuv dolnh1

Dw wklv srlqw lw pxvw eh vwuhvvhg wkdw wkhuh lv d srwhqwldo fulwlflvp gl�huhqw iurp

wkdw deryh1 Rqh pljkw dujxh wkdw ulfk idplolhv idfh d kljkhu ydoxh ri f wkdq wkh srru

rqhv ehfdxvh wkh rssruwxqlw| frvw ri wdnlqj wkh fklog wr wkh HU ghshqgv rq wkh lpsolflw

sulfh ri wkh wlph ri wkh sduhqwv/ dqg wklv lv pruh h{shqvlyh wr wkh ulfk1 Krzhyhu/ rqh

pljkw dovr dujxh wkdw wkh rssrvlwh lv wuxh/ l1h1 wkdw wkh frvw f vkrxog eh orzhu iru

ulfkhu idplolhv vlqfh wkh| xvxdoo| kdyh pruh uhjxodu ede|0vlwwhuv dqg pruh  h{leoh mre

vfkhgxohv dqg/ shukdsv/ ehwwhu wudqvsruwdwlrq1 Zh duh qrw dzduh ri dq| hpslulfdo zrun

ghdolqj zlwk wklv vshfl�f w|sh ri rssruwxqlw| frvw dqg zh dvvxph lw wr eh lqghshqghqw

ri lqfrph dv d �uvw dssur{lpdwlrq1 � �
� �
Wkh uhdghu pd| eh vnhswlf rq wkh lqghshqghqfh ri f zlwk uhvshfw wr lqfrph1 Lq

wkdw fdvh/ wkh uhvxowv lq wkh hpslulfdo vhfwlrq frxog eh vhhq dv d surri wkdw vxfk d frvw
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� � � �
Wkh Dowuxlvwlf Fdvh

Dowuxlvwlf sduhqwv/ +Eduur/ 4<:7> Ehfnhu/ 4<:7/ 4<<4,/ fduh derxw wkh +ixwxuh, zhoiduh

ri wkhlu gdxjkwhu dqg vr wkh| pd| eh zloolqj wr pdnh wkh h�ruw f gxulqj wkh �uvw

shulrg vr wkdw vkh kdv d khdowk| olih lq wkh vhfrqg shulrg1 Pruhryhu/ e| udlvlqj d

khdowk| r�svulqj/ wkh srvvleoh wudqvihuv wkdw wkh| pljkw jlyh wr khu lq wkh vhfrqg

shulrg zloo lqfuhdvh khu zhoiduh1 Ohw e � f eh wkh prqhwdu| wudqvihu jlyhq wr wkh

fklog lq wkh vhfrqg shulrg1 � � Wkh exgjhw frqvwudlqw lpsrvhv wkdw e � |� = Sduhqwv

fduh derxw wkhlu rzq frqvxpswlrq gxulqj wkh �uvw dqg vhfrqg shulrg dqg wkhlu fklog*v

frqvxpswlrq lq wkh vhfrqg shulrg1 Ohw x� E=� eh wkh xwlolw| ixqfwlrq ri sduhqwv lq wkhlu

vhfrqg shulrg ri frqvxpswlrq/ dqg x � E=�= eh wkh rqh ri wkhlu fklog uhjduglqj khu rzq

frqvxpswlrq +dovr lq wkh vhfrqg shulrg,1 Wkhvh xwlolw| ixqfwlrqv duh dvvxphg wr kdyh

doo wkh vwdqgdug surshuwlhv1 Qrwlfh wkdw zh kdyh gursshg wkh �uvw shulrg frqvxpswlrq

iurp wkh sduhqwv ghflvlrq sureohp ehfdxvh rxu prgho grhv qrw doorz iru vdylqj/ wkh

fklog grhv qrw frqvxph lq wkh �uvw shulrg dqg wkh frvw f lv qrq0prqhwdu|1 Wkhuhiruh/

sduhqwv hydoxdwh wkh frqvxpswlrq ri wkh fklog dqg wkhlu rzq frqvxpswlrq dffruglqj

wr x� E=� n �x � E=� zkhuh � lv wkh ghjuhh ri dowuxlvp wrzdugv wkh fklog1 Sduhqwv zloo jlyh

wudqvihu e A f wr wkh gdxjkwhu li khu lqfrph lv | � / dqg e ' f li khu lqfrph lv | � = Zh

dvvxph wkdw sduhqwv gr qrw zdqw wr jlyh wudqvihuv wr wkhlu fklog zkhqhyhu vkh lv ulfkhu

wkdq wkhp/ dv | � A | � = Wklv lv dvvxphg iru vlpsolflw| dqg wkh uhvxowv zrxogq*w fkdqjh

li zh doorz wkh ghjuhh ri dowuxlvp wrzdugv wkh fklog wr eh vr kljk wkdw sduhqwv zrxog

lv orzhu iru srruhu idplolhv lqvwhdg ri vhhlqj lw dv hylghqfh lq idyrxu ri wkh lqyhvwphqw
prgho1 Zh eholhyh wkdw wklv srvvleoh dowhuqdwlyh lqwhusuhwdwlrq ri rxu uhvxowv pljkw
dovr eh lqwhuhvwlqj lq lwvhoi1� �

Lq rxu prgho e lv dq lqwhu ylyrv wudqvihu1 Lq d pruh jhqhudo prgho wklv wudqvihu
frxog dovr eh d ehtxhvw1
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zdqw wr wudqvihu hyhq lq wkh fdvh zkhuh wkh fklog*v lqfrph lv | � 1

Wkxv/ zlwk suredelolw| � wkh fklog jhwv lqfrph | � dqg khu frqvxpswlrq lv | � n e lq

wkh vhfrqg shulrg zkloh khu sduhqwv* frqvxpswlrq lv |� � e1 Zlwk suredelolw| �� � wkh

fklog jhwv lqfrph | � dqg wkhuh duh qr wudqvihuv1 Qrwlfh wkdw rxu gh�qlwlrq ri dowuxlvp

lv rqh0vlghg1 Wkh fdvh ri wzr0vlghg dowuxlvp lq zklfk wkh fklog dovr fduhv derxw wkh

xwlolw| ri wkh sduhqwv lv qrw frqvlghuhg khuh vlqfh lw zrxog |lhog d uhvxow +zlwk uhvshfw

wr sduhqw*v ehkdylru, vlplodu wr wkh rqh surylghg lq wkh lqyhvwphqw fdvh frqvlghuhg lq

wkh qh{w vhfwlrq1

Li sduhqwv h{huw wkh h�ruw f/ wkh fklog zloo eh khdowk| lq wkh vhfrqg shulrg dqg wkh

pd{lpxp h{shfwhg xwlolw| sduhqwv jhw li wkh| wdnh wkh fklog wr wkh HU lv wkh vroxwlrq

wr � �
4@ � � dx� E|� � e� n �x � E| � n e�o n E� � �� dx� E|� � n �x � E| � �o � f= +4,

Dq lqwhulru vroxwlrq wr +4, vdwlv�hv wkh �uvw rughu frqglwlrqv=

� '
x�� E|� � e�

x� � E| � n e�
+5,

� �
Wkhuh lv vrph wlph lqfrqvlvwhqfh lq wkh zd| zh prgho sduhqwv* h{shfwhg xwlolw|1

Wkh frvw ri wdnlqj wkh nlg wr wkh HG/ f/ wdnhv sodfh lq wkh �uvw shulrg dqg wkh xwlolw|
� dx� E|� � e� n �x � E| � n e�o n E� � �� dx� E|� � n �x � E| � �o rffxuv lq wkh vhfrqg shulrg1
Qrwklqj zrxog fkdqjh/ krzhyhu/ li zh dgrsw wkh fruuhfw vshfl�fdwlrq ri wkh h{shfwhg
xwlolw| ixqfwlrq �E�Ex� E|� � e� n �x � E| � n e�� n E� � ��Ex� E|� � n �x � E| � ��� � f> zkhuh
� lv wkh wlph glvfrxqw idfwru1 Qrwlfh dovr wkdw lq +4 , wkh dprxqw ri wkh wudqvihu e lv
ghflghg lq wkh �uvw shulrg1 Lw lv vwudljkwiruzdug wr vhh wkdw wklv dprxqw lv dovr rswlpdo
lq wkh vhfrqg shulrg/ vr wkdw wkhuh lv qr wlph lqfrqvlvwhqf|1
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Li sduhqwv ghflgh qrw wr wdnh wkh fklog wr wkh hphujhqf| urrp/ wkhq/ zlwk suredelolw|

d� � sEv�o wkh fklog zloo vxuylyh dqg wkhlu h{shfwhg xwlolw| lv � dx� E|� � e� n �x � E| � n e�on

E�� �� dx� E|� � n �x � E| � �o1 Rwkhuzlvh/ zlwk suredelolw| sEv� wkh fklog glhv dqg sduhqwv

jhw xwlolw| x� E|� �=Wkxv/ wkh pd{lpxp h{shfwhg xwlolw| li sduhqwv gr qrw wdnh wkh fklog

wr wkh HU lv wkh vroxwlrq wr/

4@   d� � sEv�o i� dx� E|� � e� n �x � E| � n e�o n E� � �� dx� E|� � n �x � E| � �ojnsEv�x� E|� �
+6,

Qrwh wkdw wkh vroxwlrq wr +6, lv dovr jlyhq e| frqglwlrq +5,1 Ohw e ¡ eh wkh vroxwlrq

wr +5,1 Wklv vroxwlrq e ¡ ghshqgv rq wkh sdudphwhuv |� dqg | � 1 Krzhyhu/ wkh lqfrph

ri wkh fklog lv jlyhq e| | � ' � � yE|� � vr wkdw e ¡ lv vlpso| d ixqfwlrq ri |� 1 Zh zdqw wr

ghwhuplqh iru zklfk ydoxhv ri wkh vljqdo v sduhqwv zloo wdnh wkh fklog wr wkh HU1 Wkh

ohyho ri v ¡ wkdw uhqghuv sduhqwv lqgl�huhqw ehwzhhq wdnlqj wkh fklog wr wkh HU ru qrw

lv wkh rqh vroylqj wkh iroorzlqj htxdwlrq=

� dx� E|� � e ¡ � n �x � E| � n e ¡ �o n E� � �� dx� E|� � n �x � E| � �o � f +7,

' d� � sEv�o i� dx� E|� � e ¡ � n �x � E| � n e ¡ �o n E� � �� dx� E|� � n �x � E| � �oj n x� E|� �sEv�

Wkh ohiw0kdqg whup lq +7, uhsuhvhqwv wkh sduhqwv* xwlolw| zkhq wkh fklog lv wdnhq wr wkh

HU dqg wkh uljkw kdqg whup wkh xwlolw| zkhq wkh fklog lv qrw wdnhq wr wkh HU1 Vlqfh

vxfk ydoxh ri v lv d ixqfwlrq ri wkh lqfrph |� zh zulwh lw dv v ¡ E|� �= Wkxv/ wkh fklog lv
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wdnhq wr wkh HU zkhqhyhu v � v £ E|¤ �=

¥ ¦ § ¨ § © ª « ª § ¬  ®
Wkh ixqfwlrq v £ E|¤ � lv ghfuhdvlqj1 Wkxv/ lq wkh Dowuxlvwlf

prgho/ wkh ulfkhu wkh sduhqwv duh wkh pruh riwhq wkh| wdnh wkhlu fkloguhq wr

wkh HU1

+Wkh surri lv surylghg lq wkh Dsshqgl{,

Wkh lqwxlwlrq lv vlpsoh= wkh zhoiduh ri d fklog hqwhuv dv d qrupdo jrrg lqwr wkh

suhihuhqfhv ri wkh sduhqwv1 Ulfk idplolhv zdqw wr frqvxph pruh ri wkhlu fkloguhq vr

wkh| zrxog eh pruh uhdg| wr sd| wkh frvw f1 Wklv frvw lv wkh vdph iru ulfk dqg

srru idplolhv vr ulfk idplolhv zrxog furvv wkh kxugoh pruh riwhq dqg zloo pdnh d pruh

lqwhqvlyh xvh ri HU vhuylfhv1

¯ ° ¯ °
Wkh Lqyhvwphqw Fdvh

Xqghu wkh Lqyhvwphqw dssurdfk sduhqwv zdqw wkhlu fklog wr kdyh jrrg khdowk eh0

fdxvh wkh| pljkw uhfhlyh uhvrxufhv iurp khu1 Wklv pljkw kdsshq ehfdxvh wkh zhoiduh ri

wkh sduhqwv hqwhuv lqwr wkh xwlolw| ixqfwlrq ri wkh fklog ru ehfdxvh ri vrph vrfldo qrup

wkdw reoljhv fkloguhq wr jlyh uhvrxufhv wr sduhqwv lq fhuwdlq flufxpvwdqfhv1 ± ² Ohw*v vd|

wkdw sduhqwv uhfhlyh/ lq wkh vhfrqg shulrg/ wkh dprxqw k � f> zkhqhyhu wkh lqfrph ri

wkh fklog lv | ³ dqg wkh dprxqw k ' f zkhqhyhu wkh lqfrph ri wkh fklog lv | ´ 1 Wkxv/

sduhqwv h{shfw wr uhfhlyh d wudqvihu rqo| lq wkh fdvh zkhuh wkhlu lqfrph lv vpdoohu wkdq

wkhlu fklog*v lqfrph1 ± µ Lw lv qdwxudo wr dvvxph wkdw/ lq sulqflsoh/ wkh pdjqlwxgh ri k

¶ ·
Lq prghov zlwk xqfhuwdlqw| derxw olihvsdq lw lv riwhq dvvxphg wkdw wudqvihuv iurp

fkloguhq wr sduhqwv duh sduw ri d txlg sur txr djuhhphqw ehwzhhq sduhqwv dqg fkloguhq1
Sduhqwv ohdyh d ehtxhvw lq h{fkdqjh iru uhfhlylqj �qdqfldo +ru hprwlrqdo, vxssruw xqwlo
wkh| glh/ vhh Nrwolnr� dqg Vslydn +4<;4,/ Fr{ +4<;:, dqg Ehuqkhlp hw do1 +4<;8,1¶ ¸

Wkxv/ wkh dqdo|vlv ehfrphv uhohydqw rqo| li wkh lqfrph/ ru wkh zhdowk/ ri wkh sduhqwv
lv ehorz wkh lqfrph ri wkh fklog dw d fhuwdlq srlqw lq wlph qrw wrr forvh wr wkhlu ghdwk1

¹ º

ssabater
13

jteschen
¹ º



ghshqgv rq wkh sduhqwv* lqfrph/ |» / dqg wkh fklog*v lqfrph/ | ¼ 1 Vlqfh | ¼ ' � ¼ yE|» �

wkh dprxqw k fdq eh vhhq dv d ixqfwlrq ri |» > dqg zh zulwh lw dv k ' kE|» �1 Lw lv qrw

gl!fxow wr uhdol}h wkdw rxu uhvxowv zloo ghshqg rq wkh dvvxpswlrqv dgrswhg uhjduglqj

wkh ixqfwlrq kE|» �1

Sduhqwv grq*w fduh derxw wkh frqvxpswlrq ohyho ri wkhlu fklog/ dqg wkhlu suhihu0

hqfhv ghshqg h{foxvlyho| rq wkhlu wrwdo frqvxpswlrq�zklfk lv wkhlu lqfrph |» soxv wkh

dprxqw k jlyhq e| wkh fklog�dqg wkh srvvleoh h�ruw ri wdnlqj wkh fklog wr wkh HU1

Wkxv/ wkh h{shfwhg xwlolw| +frpsxwhg dw wkh �uvw shulrg, wkdw sduhqwv jhw li wkh| wdnh

wkh fklog wr wkh HU lv

E� � ��x» E|» n kE|» �� n �x» E|» � � f +8,

Li wkh fklog lv qrw wdnhq wr wkh HU vkh zloo %glh% zlwk suredelolw| sEv� dqg sduhqwv zloo

uhfhlyh qrwklqj1 Wkxv/ lq wklv fdvh/ sduhqwv* h{shfwhg xwlolw|/ diwhu uhfhlylqj vljqdo v>

lv jlyhq e|

E� � sEv��EE� � ��x» E|» n kE|» �� n �x» E|» �� n sEv�x» E|» � +9,

Ohw hv eh wkh ydoxh ri wkh vljqdo wkdw pdnhv h{suhvvlrq +8, htxdo wr h{suhvvlrq +9,1

Lq wkh XVD wkh dyhudjh zhdowk dw djh 83 lv kljkhu wkdq wkh dyhudjh zhdowk iru shrsoh
ryhu 981 Vhh Exguðd0Urguljxh}/ Gðd}0Jlphqh}/ dqg Uxoo +5335,1
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L1h1/ vljqdo hv lv vxfk wkdw

x¿ E|¿ n kE|¿ �� � x¿ E|¿ � '
f

E� � ��sEhv�
+:,

Vlqfh hv lq +:, ghshqgv rq wkh lqfrph |¿ zh dovr zulwh hvE|¿ �= Wkxv/ sduhqwv duh

lqgl�huhqw dv wr zkhwkhu wkh| wdnh wkh fklog wr wkh HU ru vwd| dw krph zkhq wkh

vljqdo v wdnhv wkh ydoxh hvE|¿ �/ dqg wkh| suhihu wr wdnh wkh fklog wr wkh HU zkhqhyhu

v A hvE|¿ �= Zh zdqw wr dqdo|}h wkh vljq ri hv À E|¿ �/ wkh ghulydwlyh ri hvE|¿ � zlwk uhvshfw

wr wkh lqfrph |¿ = Lw lv fohdu iurp htxdwlrq +:, wkdw vxfk vljq ghshqgv rq wkh vshfl�f

ixqfwlrq kE|¿ �1 Frqvlghu/ iru lqvwdqfh/ wkh fdvh lq zklfk wkh wudqvihuv iurp fklog wr

sduhqwv grq*w ghshqg rq wkh sduhqwv* lqfrph ohyho vr wkdw kE|¿ � ' k iru doo |¿ 1 Lq wklv

fdvh/ lw lv vwudljkwiruzdug wr vkrz wkdw/ e| frqfdylw| ri wkh xwlolw| ixqfwlrq x¿ E�/ wkh

h{suhvvlrq x¿ E|¿ n k� � x¿ E|¿ � lv ghfuhdvlqj lq |¿ dqg/ vlqfh sEhv� lv lqfuhdvlqj/ htxdolw|

+:, lpsolhv wkdw hv À E|¿ � A f1 Wkh vdph uhvxow krogv wuxh iru wkh fdvh ri ghfuhdvlqj

wudqvihuv/ l1h1 zkhq kÀ E|¿ � ? f1 Wkxv/ zh kdyh d vhfrqg uhvxow

Á Â Ã Ä Ã Å Æ Ç Æ Ã È É Ê
Lq wkh Lqyhvwphqw fdvh/ li wkh wudqvihuv iurp fkloguhq wr

sduhqwv duh qrq0lqfuhdvlqj lq sduhqw*v lqfrph/ l1h1 li kÀ E|¿ � � f/ zh kdyh

hv À E|¿ � A f1 Wkxv/ wkh ulfkhu sduhqwv duh wkh ohvv riwhq wkh| wdnh wkhlu fkloguhq

wr wkh HU1

Rqh pljkw fodlp/ krzhyhu/ wkdw wkh prvw uhdolvwlf fdvh lv wkh rqh zlwk kÀ E|¿ � A f=

Wklv pljkw kdsshq li ulfk sduhqwv kdyh fkloguhq wkdw zloo eh ulfk/ dqg wudqvihuv iurp

fkloguhq wr sduhqwv duh jlyhq e| dq lqfuhdvlqj ixqfwlrq lq fkloguhq*v lqfrph1 Lq wklv

fdvh/ wr rewdlq wkdw hvÀ E|¿ � A f wkh whup rq wkh ohiw0kdqg vlgh lq htxdwlrq +:, pxvw eh
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ghfuhdvlqj rq |Í / l1h1 xÎÍ E|Í n kE|Í ��E� n kÎ E|Í �� � xÎÍ E|Í � ? f / dqg wklv lqhtxdolw| fdq

eh zulwwhq dv

� n kÎ E|Í � ?
xÎÍ E|Í �

x ÎÍ E|Í n kE|Í �� +;,

Lqhtxdolw| +;, pd| krog ghshqglqj rq wkh ydoxh ri kÎ E|Í �1 Lw lv txlwh hdv| wr surylgh

+jhqhulf, h{dpsohv ri vshfl�f xwlolw| ixqfwlrqv dqg vshfl�f ixqfwlrqv kE|Í � vdwlvi|lqj

vxfk lqhtxdolw| dqg/ dv d frqvhtxhqfh/ zh fdq hdvlo| rewdlq h{dpsohv zlwk hv Î E|Í � A f=

Dq lpsruwdqw fdvh lv wkh rqh lq zklfk wkh wudqvihu iurp wkh fklog wr wkh sduhqwv lv

hqgrjhqrxvo| ghwhuplqhg dv wkh vroxwlrq wr wkh pd{lpl}dwlrq sureohp ri wkh fklog1 Ï Ð
Zkhq wkh fklog jhwv lqfrph | Ñ � � Ñ yE|Í � vkh zloo fkrvh wkh ohyho ri wudqvihu wr khu

sduhqwv/ k > wkdw pd{lpl}hv d zhljkwhg vxp ri khu rzq xwlolw| dqg wkdw ri khu sduhqwv*=

4@ Ò G x Ó E� Ñ yE|Í � � k� n �xÍ E|Í n k� +<,

v=w= G k � f

zkhuh � lv wkh ghjuhh ri dowuxlvp iurp wkh fklog wr wkh sduhqwv1 Frqvlghu wkh fodvv

ri xwlolw| ixqfwlrqv jlyhq e| x Ó E{� ' Ô Õ Ö ×Ø Ù Ú 1 Lw lv qrw gl!fxow wr vkrz wkdw lq wklv fdvh

Û Ü
Vhh Erogulq dqg Mrqhv +5335, iru dq h{solflw vroxwlrq wr wklv sureohp dqg Fr{ dqg

Vwdun +4<<7, iru dq h{sodqdwlrq ri wkh hqirufhphqw ri wklv lqwhujhqhudwlrqdo djuhhphqw1
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wkh vroxwlrq wr wkh pd{lpl}dwlrq sureohp +<, lv jlyhq e|

k ' Pd{if>
� ß yE|à � � }|à

� n }
j

zkhuh } � � á âã
= Ohw*v dvvxph wkdw wkh vroxwlrq wr +<, lv lqwhulru ä å vr wkdw f ? æ ç è é ê ë ì í î ê ëï ð î =

Wkxv/ frqglwlrq +;, ehfrphv

� n � ß y ñ E|à � ? E� n }�
ï ð ò

E
|à

� ß yE|à � n |à � í ò
+43,

Dvvxph wkdw wkh h{shfwhg lqfrph ri wkh fklog lv jlyhq e| dq lqfuhdvlqj dqg frqfdyh

ixqfwlrq rq sduhqwv* lqfrph/ qdpho| yE|à � ' n| óà zkhuh n A f dqg f ? � ? �= Wkxv/

frqglwlrq +43, ehfrphv

f ? �� � n�| ó í ïà n E� n }�
ï ð ò

E
|à

� ß n| óà n |à � í ò
+44,

Lqhtxdolw| +44, fdq krog ru qrw ghshqglqj rq wkh ydoxhv ri wkh sdudphwhuv1 Krzhyhu/

ô õ
Lw pljkw kdsshq wkdw wkh xquhvwulfwhg vroxwlrq wr sureohp +<, lv vxfk wkdw k ? f=

Wklv phdqv wkdw fkloguhq zrxog olnh wr jhw wudqvihuv iurp wkh sduhqwv1 Li zh doorzhg
iru wklv srvvlelolw|/ ru frqvlghuhg fruqhu vroxwlrqv zlwk k ' f/ lw zrxog uhlqirufh rxu
uhvxowv1 Li wkh ixqfwlrq j lv frqfdyh/ dv lv riwhq dvvxphg/ lw lv pruh olnho| wkdw fruqhu
vroxwlrqv kdsshq iru ulfk idplolhv1 D fklog ri ulfk sduhqwv lv/ lq uhodwlyh whupv/ srruhu
wkdq klv sduhqwv vr wkdw kh zrxog olnh wr jhw wudqvihuv iurp wkhp1 Wkxv/ iurp wkh
srlqw ri ylhz ri ulfk sduhqwv wkh fklog zloo qrw uhsruw dq| srvlwlyh uhwxuq lq wkh ixwxuh
dqg/ dv d frqvhtxhqfh/ wkhlu lqfhqwlyhv wr lqyhvw lq wkh khdowk ri wkh fklog duh orzhu
wkdq iru srru idplolhv1
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lw lv hdv| wr surylgh urexvw h{dpsohv vdwlvi|lqj vxfk lqhtxdolw|1 Frqvlghu dq hfrqrp|

zlwk wkh iroorzlqj uhdolvwlf ydoxhv ri wkh sdudphwhuv= wkh xwlolw| glvfrxqw idfwru � '

f=eD( wkh ghjuhh ri uhodwlyh ulvn dyhuvlrq � ' 2> dqg n ' 2f( � ' �=2D dqg � ' f=D1

Wkxv/ zlwk suredelolw| 318 wkh fklog zloo hqg xs zlwk dq lqfrph 58( kljkhu wkdq khu

h{shfwhg lqfrph1 Ohw*v wdnh wkh vshfl�f ixqfwlrq sEv� ' v= Wkh wudqvihu iurp wkh fklog

wr wkh sduhqwv lv jlyhq e| wkh vroxwlrq wr wkh pd{lpl}dwlrq sureohp +<,1 Zh frpsxwh

wkh fulwlfdo ydoxh hvE|ø � iru wkuhh gl�huhqw ydoxhv ù ú ri wkh sdudphwhu � 5 if=e> f=D> f=Sj/

dqg sduhqw*v lqfrph ohyhov udqjlqj iurp }hur wr |ø ' ef1 Iljxuh 4 vkrzv wkh uhvxowv1 Lq

wkh wkuhh fdvhv wkh ixqfwlrq hvE|ø � lv lqfuhdvlqj1 Zh pxvw hpskdvl}h wkdw wklv h{dpsoh

lv txlwh urexvw wr fkdqjhv lq doo wkh sdudphwhuv1 Wkxv/ zh frqfoxgh wkdw zkhq wkh

ixqfwlrq kE|ø � lv qrw fkrvhq dg krf dqg lw lv wkh uhvxow ri wkh pd{lpl}dwlrq sureohp

ri wkh fkloguhq/ wkh uhvxow surylghg lq Sursrvlwlrq 5 vwloo krogv iru d +odujh, vhw ri

sdudphwhuv1 Wkh lqwxlwlrq lv dovr fohdu1 Wkh sdudphwhu � fdq eh vhhq dv dq lqgh{ ri

vrfldo prelolw|1 Prvw hvwlpdwhv +vhh Ehqderx/ 5335, ri wklv sdudphwhu jlyh d ydoxh

dozd|v ohvv wkdq xqlw|/ vr wkdw wkh ixqfwlrq yE|ø � lv frqfdyh1 Dqg wklv lpsolhv wkdw/

lq h{shfwhg whupv/ wkh fklog ri d ulfk idplo| zloo ehfrph uhodwlyho| ohvv ulfk wkdq khu

sduhqwv1 Wkxv/ lqyhvwlqj lq wkh fklog |lhogv d kljkhu uhwxuq lq srru idplolhv wkdq

lq ulfk idplolhv1 Lq rwkhu zrugv/ lq dq hfrqrp| zlwk vrfldo prelolw| zkhuh sduhqwv

frqwhpsodwh wkhlu r�vsulqj dv dq dvvhw iru wkh ixwxuh/ nlgv duh pruh lpsruwdqw iru

srru idplolhv wkdq iru ulfk idplolhv1 Wklv glvfxvvlrq/ dqg wkh h{dpsoh lq Iljxuh 4/

dovr vxjjhvw wkdw lq vrflhwlhv zlwk d kljk ohyho ri vrfldo prelolw| +orz ydoxhv ri �� wkh

ixqfwlrq hvE|ø � zloo eh  dwwhu1 Lq wkh hpslulfdo vhfwlrq ri wkh sdshu zh zloo vkrz vrph

hylghqfh vxssruwlqj wklv srvvleoh uhodwlrqvkls ehwzhhq vrfldo prelolw| dqg wkh vorsh

û ü
Vhh/ iru h{dpsoh/ Pxooljdq +4<<:, iru wkh hpslulfdo hvwlpdwlrqv ri wklv sdudphwhu1
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ri hvE|ÿ �=

D nh| ihdwxuh ri wklv dssurdfk lv wkh h{shfwdwlrqv wkdw sduhqwv kdyh derxw uhfhlylqj

khos iurp wkhlu fkloguhq1 Rqh pljkw dvn zkhwkhu lq uhdolw| wkhvh h{shfwdwlrqv duh

udwlrqdo ru qrw1 Lq rwkhu zrugv/ gr sduhqwv uhdoo| jhw khos iurp wkhlu nlgvB Iruwxqdwho|/

wkhuh lv vrph hpslulfdo hylghqfh vkrzlqj wkh qdwxuh dqg vl}h ri wklv w|sh ri wudqvihu1

PfJduu| dqg Vfkrhql +4<<8, dqdo|}h wkh 4<<5 Khdowk dqg Uhwluhphqw Vwxg| dqg vkrz

wkdw : shufhqw ri wkh sduhqwv uhfhlyh dq dyhudjh wudqvihu ri '514531 Frxfk/ Gdo|/ dqg

Zroi +4<<<,/ xvlqj gdwd iurp wkh 4<;; zdyh ri wkh SVLG/ vkrz wkdw wudqvihuv wr sduhqwv

duh ghfuhdvlqj lq sduhqw*v zhdowk1 Uhqgdoo dqg Edkfklhyd +4<<;, dujxh wkdw zlwkrxw

wudqvihuv iurp fkloguhq +dqg uhodwlyhv dqg iulhqgv,/ wkh XV hoghuo| sryhuw| udwh zrxog

eh grxeoh1 Wkxv/ lw vhhpv wkdw �qdqfldo khos iurp fkloguhq vwloo sod|v dq lpsruwdqw

uroh lq wkh XV/ dw ohdvw dprqj dq lpsruwdqw sduw ri wkh srsxodwlrq1

� �
HPSLULFDO HYLGHQFH IURP GDWD RQ HPHUJHQF\ URRP

XWLOL]DWLRQ

Wkh pdlq frqfoxvlrq ri wkh deryh vhfwlrq lv wkdw wkh vljq ri wkh uhodwlrqvkls ehwzhhq

wkh wkuhvkrog wkdw sduhqwv sxw rq d fklog*v edg khdowk vljqdo dqg wkhlu lqfrph pd|

gl�hu xqghu wkh dowhuqdwlyh sdudgljpv ri dowuxlvw dqg vho�vk sduhqwv1 Lq wkh dowuxlvwlf

fdvh wklv vljq vkrxog dozd|v eh srvlwlyh1 Li/ rq wkh frqwudu|/ sduhqwv kdyh vho�vk

prwlydwlrqv/ wklv vljq lv dpeljxrxv dqg ghshqgv rq vhyhudo idfwruv1 Krzhyhu/ zh

lghqwl�hg frqglwlrqv lq wkh vho�vk prgho wkdw jxdudqwhh wkdw wkh ulfkhu wkh sduhqwv

duh wkh kljkhu wkh wkuhvkrog lv1

Lq sudfwlfh/ sduhqwv* dfwlrqv uhjduglqj khdowk fduh duh revhuydeoh zkloh wklv wkuhvk0
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rog lv qrw1 Frqvhtxhqwo|/ dq hpslulfdo whvw edvhg rq wkh vhfrqg lv wurxeohvrph1 Qhy0

huwkhohvv/ xqghu wkh dvvxpswlrq wkdw wkh glvwulexwlrq ri edg khdowk vljqdov lv lqfrph0

lqghshqghqw/ wkh vljq ri wkh vorsh ehwzhhq sduhqwv* lqfrph dqg iuhtxhqf| ri wkh h�ruw

f vkrxog eh htxdo wr wkh vljq ri vE|� �1 Wkxv/ rxu sursrvhg hpslulfdo whvw lv edvhg rq

wklv vljq dqg lw frqwhpsodwhv wkh dowuxlvwlf sdudgljp dv wkh qxoo/ zkloh wkh dowhuqd0

wlyh lv frqvlghuhg wr frqwdlq wkh lqyhvwphqw prgho1 Qrwlfh wkdw wkh lqyhvwphqw prgho

pd| zhoo vxssruw hlwkhu d srvlwlyh ru qhjdwlyh vorsh ghshqglqj rq vrph rwkhu idfwruv/

olnh vrfldo prelolw| ru htxlydohqwo|/ wkh ghjuhh ri frqfdylw| ri fkloguhq0sduhqwv lqfrph

ixqfwlrq1 Iru wklv uhdvrq/ rxu surfhgxuh lv vlpso| d whvw rq wkh qxoo ri wkh dowuxlvwlf

prgho1 Ixuwkhu whvwlqj ri wkh qxoo ri wkh lqyhvwphqw prgho fdqqrw uho| h{foxvlyho| rq

wkh vljq ri wkh vorsh dqg vkrxog uhtxluh wkh ghyhorsphqw ri qhz whvwdeoh suhglfwlrqv1

D �uvw dssurdfk wr wklv sureohp lv dovr frqvlghuhg lq rxu zrun1

Lq sulqflsoh/ rqh frxog kdyh frqvlghuhg wkdw wkh h�ruwv wrzdug d fklog*v khdowk lq0

yroyh d zlgh ydulhw| ri dfwlrqv vxfk dv hqvxulqj dghtxdwh qxwulwlrq/ sd|lqj ylvlwv wr wkh

grfwru/ pdnlqj vxuh fkloguhq sxw wkhlu vhdw ehowv rq/ dqg vr rq +vhh iru h{dpsoh Fdvh

) Sd{vrq/ 5333,1 Hyhq wkrxjk zh frqvlghu vhyhudo ri wkhvh phdvxuhv dw wkh hqg ri

wklv hpslulfdo sduw/ zh frqfhqwudwh prvw ri wkh dqdo|vlv rq wkh h�ruw f dvvrfldwhg zlwk

wkh ylvlwv wr wkh Hphujhqf| Urrp/ dv suhvhqwhg lq wkh wkhruhwlfdo prgho1 Zh kdyh

wzr prwlydwlrqv iru grlqj vr= �uvw/ wkh txdolw| dqg dydlodelolw| ri wkh vxuyh|v iurp

wkh Qdwlrqdo Fhqwhu iru Khdowk Vwdwlvwlfv/ qdpho| QKLV +Qdwlrqdo Khdowk Lqwhuylhz

Vxuyh|,/
� �

zklfk surylgh hpslulfdo gdwd rq wkh xvh ri wkh HU dqg wkh vrflrhfrqrplf

fkdudfwhulvwlfv ri wkh idplolhv1 Vhfrqg/ zh fodlp wkdw wkh frqvhtxhqfhv ri wdnlqj wkh

fklog wr wkh HU 0uhfdoo wkdw sduhqwv pd| idfh d idwdo rxwfrph li wkh| gr qrw0/ lqyroyh

� �
Gdwd dydlodeoh rq0olqh lq wkh kwws=qqzzz1fgf1jryqqfkv vlwh1
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wkh nlqg ri ulvn dqg qrq prqhwdu| frvw ehdulqjv zklfk duh wkh nh| ri wkh prgho lq

vhfwlrq 51 Krzhyhu/ zh zloo qhhg wr ghdo zlwk dw ohdvw wkuhh pdlq sureohpv= �uvw/

zh pxvw lvrodwh dv pxfk dv srvvleoh wkh h�hfw ri lqfrph rq khdowk iurp rwkhu idfwruv

zklfk pljkw frqwdplqdwh wkh uhvxowv1 Vhfrqg/ wkh hvwlpdwlrq ri khdowk vhuylfhv ghpdqg

ixqfwlrqv riwhq lpsolhv wkh xvh ri qrqolqhdu prghov1 Dqg wklug/ zh pxvw frqvlghu wkdw

wkhuh pljkw eh dowhuqdwlyh dfwlrqv/ olnh grfwru*v r!fh ylvlwv dqg uhjxodu lqidqw fkhfn0

xsv zklfk frxog eh vxevwlwxwhv iru HU xwlol}dwlrq sduwlfxoduo| iru vrph orz0lqfrph

jurxsv zlwk gl!fxow dffhvv wr wkhvh dowhuqdwlyh khdowk vhuylfhv1 Wkhvh gl!fxowlhv duh

qrw vshfl�f wr rxu ghflvlrq ri xvlqj HU iuhtxhqf| dv d phdvxuh ri khdowk lqyhvwhphqw/

krzhyhu1 Wkh pdqqhu lq zklfk zh ghdo zlwk wkhp zloo eh pdgh fohdu lq wkh iroorzlqj

vhfwlrqv1

� �  �
Wkh QKLV vdpsoh gdwd= dq ryhuylhz

Wkh edvlf sxusrvh ri wkh Qdwlrqdo Khdowk Lqwhuylhz Vxuyh| +QKLV, lv wr rewdlq

lqirupdwlrq iurp X1V1 idplolhv rq wkh dprxqw dqg glvwulexwlrq ri looqhvv/ lwv h�hfwv lq

whupv ri glvdelolw| dqg fkurqlf lpsdluphqwv/ dqg wkh nlqg ri khdowk vhuylfhv uhfhlyhg1

Gdwd lv froohfwhg rq d |hduo| edvlv iurp d vdpsoh ri krxvhkrogv durxqg wkh 83 vwdwhv

dqg lw lv vwuxfwxuhg rq wkuhh od|huv ri lqirupdwlrq uhtxhvwhg dw wkh krxvhkrog/ idplo|

dqg shuvrqdo ohyhov1
� �

Li wkhuh lv dq| qrq0dgxow phpehu ri wkh idplo|/ rqh lv vdpsohg

� �
Wkh QKLV Edvlf fruh txhvwlrqqduluh zdv uhghvljqhg lq 4<<:1 Wkh vxuyh|v duh frq0

gxfwhg e| wkh X1V1 Fhqvxv Exuhdx lqwhuylhzhuv zklfk xvh d frpsxwhu0dvvlvwhg surfh0
gxuh lqvwhdg ri wudglwlrqdo sdshu0dqg0shqflo irupxodulhv1 Wkh vdpsoh ghvljq lqfoxghv
vwudwl�fdwlrq/ foxvwhulqj dqg pxowlvwdjh vdpsolqj1 Qr shuvrq ri wkh fryhuhg srsxod0
wlrq kdv d }hur suredelolw| ri ehlqj vdpsohg exw Eodfn dqg Klvsdqlf krxvhkrogv zhuh
voljkwo| ryhuvdpsohg wr lqfuhdvh wkh srzhu ri whvwlqj1 Iru ixuwkhu ghwdlov vhh wkh QKLV
zhe vlwh zzz1qklv1fgf1jry1
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+vd| vdpsoh fklog, dqg wkh idplo| uhvsrqghqw lv surpswhg wr dqvzhu derxw wkh nlg*v

khdowk vwdwxv dqg khu glvdelolwlhv1

D wrwdo ri 46833 idplolhv zlwk fkloguhq zhuh lqwhuylhzhg lq |hdu 5333 dqg 45833 lq

4<<<1 Fhqwudo wr rxu lqwhuhvwv lv wkh HU yduldeoh zklfk frqwdlqv uhfrghg lqirupdwlrq

rq wkh iuhtxhqf| ri hphujhqf| urrp ylvlwv e| wkh vdpsoh fklog1 Wkh uhfrglqj gl�huhg

lq |hduv 4<<< dqg 53331 Lq 5333/ frghv 4 wr < fruuhvsrqghg wr 3/ 4/ 5 wr 6/ 7 wr 8/ 9 wr

:/ ; wr </ 43 wr 45/ 46 wr 48 dqg pruh wkdq 49 ylvlwv/ zkloh lq wkh 4<<< vdpsoh/ frghv

4 wr 8 fruuhvsrqghg wr 3/ 4/ 5 wr 6/ 7 wr </ 43 wr 45 dqg pruh wkdq 46 ylvlwv1

Wkh lqirupdwlrq rq lqfrph zdv dovr uhfrghg lq lqfrph lqwhuydov dqg wkh lqfrph2sryhuw|

ohyho udwlr1 Phdvxuhphqw huuruv fdq eh uhgxfhg e| xvlqj uhfrglqj/ exw lw frpsolfdwhv

wkh hvwlpdwlrq ri wkh hodvwlflw| ri hphujhqf| urrp ylvlwv zlwk uhvshfw wr lqfrph1 Iru

wklv uhdvrq/ zh frpsxwhg d groodu ydoxh ri idplo| lqfrph xvlqj wkh ruljlqdo frghg

yduldeohv dqg dgglwlrqdo lqirupdwlrq iurp wkh X1V Fhqvxv Exuhdx iru |hduv 4<<< dqg

53331 Iru hdfk lqglylgxdo lq wkh QKLV vdpsoh zh frpsxwhg wkh dyhudjh lqfrph ri

idplolhv lq wkh XV Fhqvxv Exuhdx gdwd zkr pdwfkhg wkhlu lqfrph fdwhjru|/ djh/ hgx0

fdwlrq dqg udfh1 Txdolwdwlyh uhvxowv duh qrw d�hfwhg e| wkh xvh ri wkh ruljlqdo ru wkh

dwwulexwhg lqfrph phdvxuhv dqg wkh fkrlfh ri wkh odwwhu lv grqh vroho| iru wkh sxusrvh

ri rewdlqlqj dq hodvwlflw| phdvxuh lq grooduv wkdw fdq eh pruh uhdglo| lqwhusuhwhg1

Wdeoh 4 frqvwlwxwhv d �uvw dssurdfk wr wkh sureohp1 Khuh/ d furvv0iuhtxhqf| pdwul{

ehwzhhq HU dqg lqfrph lv vkrzq iru wkh |hdu 5333 gdwd1 Dprqj wkh 8/:69 fkloguhq

wkdw qhyhu zhqw wr wkh hphujhqf| urrp/ 4/:35 olyhg lq idplolhv hduqlqj pruh wkdq

XVG ':8/333/ 4/467 lq wkh idplolhv zlwk lqfrph ehwzhhq 88/333 dqg :8/333/ 4/667 lq

idplolhv zlwk lqfrph ehwzhhq 68/333 dqg 88/333 dqg 4/899 lq wkh fdwhjru| ri ohvv wkdq

XVG '68/3331 Dprqj wkrvh idplolhv lq wkh wrs lqfrph fdwhjru|/ ;51;5( qhyhu ylvlwhg
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wkh HU zkloh wklv �jxuh idoov wr ::16:( iru wkh srruhvw1 Pruhryhu/ li zh frqvlghu wkrvh

idplolhv wkdw zhqw dw ohdvw rqfh wr wkh hphujhqf| urrp/ wkh orz0lqfrph rqhv whqg wr

vkrz orqjhu wdlov ri iuhtxhqf| frxqwv= iru lqvwdqfh/ iurp wkh 7< fkloguhq wkdw zhqw

irxu ru �yh wlphv wr wkh HU/ 4; olyhg lq idplolhv hduqlqj ohvv wkdq XVG '73/333 zkloh

rqo| 44 ihoo lq wkh fdwhjru| ri pruh wkdq XVG ':8/3331 Vwloo/ wklv grhv qrw frqvwlwxwh

vwurqj hylghqfh lq idyrxu ri d qhjdwlyh uhodwlrqvkls ehwzhhq lqfrph dqg hphujhqf|

urrp xvh vlqfh vrph rwkhu idfwruv pd| eh odwhqw lq dq xqfrqglwlrqdo dqdo|vlv olnh wkdw

ri Wdeoh 41

� � � �
Fkrlfh ri uhjuhvvruv dqg fdvh vhohfwlrq

Rxu vdpsoh frqvlvwv ri elsduhqwdo idplolhv zlwk dw ohdvw rqh fklog ehwzhhq 3 dqg 8

|hduv rog/ fryhuhg e| sulydwh lqvxudqfh1 Wkxv/ zh ghohwh iurp wkh vdpsoh wkrvh idplolhv

zkr uhsruwhg wkdw wkh vdpsoh fklog zdv qrw fryhuhg dw wkh wlph ri wkh lqwhuylhz ru

wkdw zdv fryhuhg e| Phglfdlg1 Wkh dffhvv wr khdowk vhuylfhv lv lq jhqhudo uhodwhg wr

wkh w|sh ri khdowk lqvxudqfh sxufkdvhg e| +ru surylghg wr, wkh idplo|1 Lq |hdu 5333/

45( ri fkloguhq zhuh qrw fryhuhg dw wkh wlph ri wkh lqwhuylhz dqg derxw d txduwhu ri

wkh fryhuhg uhfhlyhg dvvlvwdqfh iurp Phglfdlg ru rwkhu vwdwh surjudpv1 Wkh xqlqvxuhg

dqg Phglfdlg hquroohhv kdyh d uhsxwdwlrq iru dexvlqj wkh krvslwdo hphujhqf| urrp

vhuylfhv dqg qrw grlqj uhjxodu lqidqw fkhfn0xsv +vhh Vkdupd hw do1/ 5333> Irvvhw )

Wkrpsvrq/ 4<<<> Jurvvpdq/ Ulfk/ ) Mrkqvrq/ 4<<;> Eloolqjv ) Plmdqrylfk/ 5333,1

Ehfdxvh Phglfdlg ehqh�fldulhv xvxdoo| ehorqj wr wkh srruhvw od|huv ri wkh vrflhw|/ pxfk

ri wkh srwhqwldoo| revhuyhg uhodwlrq ehwzhhq HU dqg lqfrph frxog eh mxvw uh hfwlqj

wklv hylghqfh1 Krzhyhu/ Kdoirq/ Qhzdfkhfn/ Zrrg/ dqg Shwhu1 +4<<;, surylgh dq

dowhuqdwlyh ylhz vxjjhvwlqj wkdw khdowk lqvxudqfh vwdwxv lv qrw d vljql�fdqw suhglfwru
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ri HU xvh1 Ixuwkhupruh/ lq rxu vdpsoh/ ohvv wkdq 6( ri lqglylgxdov uhsruwhg kdylqj wkh

HU dv d xvxdo vrxufh ri lqidqw fkhfn0xsv1 Lq dq| fdvh/ vlqfh zh rqo| lqfoxgh fkloguhq

fryhuhg e| sulydwh lqvxudqfh rxu uhvxowv fdqqrw eh h{sodlqhg ehfdxvh ri wkh juhdw xvh

ri wkh HU e| wkh orz0lqfrph jurxsv1

Ehfdxvh zh zdqw wr frqgxfw d frqglwlrqdo dqdo|vlv/ zh qhhg wr ghwhuplqh wkh idfwruv

wkdw pd| eh d�hfwlqj HU xvh1 Zh frqfhqwudwhg rq irxu pdlq jurxsv ri fryduldwhv=

� � � � � �
Vrflr0hfrqrplf idfwruv

� vh{

� udfh

� klvsdqlf hwkqlflw|

Wkh deryh vrflr0hfrqrplf idfwruv duh vwdqgdug dqg qhhg qr ixuwkhu h{sodqdwlrq1

� � � � � �
Khdowk uhodwhg yduldeohv

� Djh= Djh lq |hduv ri vdpsoh fklog

� Doohujlf vshoo= D gxpp| yduldeoh wkdw frqwurov iru kdylqj vx�huhg iurp doohujlf

frqglwlrqv olnh dvwkpd dqg rwkhu uhvsludwru| dqg gljhvwlyh doohujlhv lq wkh |hdu ri

lqwhuylhz1

� Lqihfwlrxv vshoo= D gxpp| yduldeoh zklfk frqwuro iru kdylqj vx�huhg iurp lqihf0

wlrxv vshoov/ hvvhqwldoo| rwlwlv dqg xulqdu| lqihfwlrqv1

� Vhoi Uhsruwhg Khdowk Vwdwxv= D fdwhjrulfdo yduldeoh zklfk uhsruwv wkh khdowk

vwdwxv ri wkh vdpsoh fklog dv uhsruwhg e| sduhqwv/ udqjlqj iurp edg +@8, wr
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h{fhoohqw +@4,1

Wkdw khdowk dqg lqfrph duh uhodwhg kdv ehhq zlgho| grfxphqwhg iru dgxowv1 Uh0

pdundeo|/ Fdvh/ Oxerwvn|/ dqg Sd{vrq +5335, �qg wkdw vxfk d uhodwlrq dovr krogv

gxulqj fklogkrrg hyhq lq ghyhorshg frxqwulhv olnh wkh X1V1/ vr wkdw srru sduhqwv zlwk

srru khdowk frqglwlrqv zloo kdyh vlfno| fkloguhq zkr zloo lq wxuq shuirup zruvh lq wkh

mre pdunhw dqg zloo jurz srru1 Wkhlu uhvxowv duh edvhg rq wzr gl�huhqw phdvxuhv

ri khdowk= sduhqwv dvvhvphqw ri wkh fklog*v khdowk vwdwxv dqg remhfwlyh lqirupdwlrq

rq fkurqlf frqglwlrqv1 Zkloh uhsruwhg edg khdowk vhhpv wr glplqlvk zlwk lqfrph lw

pxvw eh qrwhg wkdw lq wkh fdvh ri fkurqlf frqglwlrqv/ wkh hylghqfh lv zhdnhu dqg lw

lv qrw krprjhqhrxv iru doo glvhdvhv dqg djh ru lqfrph lqwhuydov1 Lq idfw/ dprqj :8(

ri wrs lqfrph0udwhg idplolhv/ wkh khdowk2lqfrph vorsh lv yhu| vpdoo iru frqglwlrqv olnh

dvwkpd/ eurqfklwlv/ kd| ihyhu ru phqwdo uhwdugdwlrq� hvshfldoo| iru hduo| djhv1

Lghdoo|/ zh zrxog olnh wr frqwuro iru wkh ulvn ri lqmxu| ru dfflghqwv1 Xqiruwxqdwho|/

wkh vdpsoh grhv qrw surylgh ghwdlohg lqirupdwlrq rq wklv idfwru1 Lw pxvw eh qrwhg

krzhyhu/ wkdw suhylrxv hylghqfh +vhh Slfnhww/ Jduqhu/ ) Nlqj/ 5335, vhhpv wr srlqw lq

wkh gluhfwlrq ri d qxoo ru srru vljql�fdqfh ri wkh vorsh ehwzhhq lqfrph dqg dfflghqw

hslvrghv1

! " # " ! "
Ulvn hydoxdwlrq dqg idplo| vwuxfwxuh

$ Sduhqwv* hgxfdwlrq ohyho= Fdwhjrulf yduldeoh udqjlqj iurp 4 +qhyhu dwwhqghg

vfkrro, wr 44+SkG,

$ Vwhs sduhqwv= gxpp| lqglfdwlqj zkhwkhu dq| ru erwk ri sduhqwv duh vwhs1
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' Qxpehu ri vleolqjv= wu|lqj wr frqwuro iru sduhqwv* h{shulhqfh zlwk uhvshfw wr edg

khdowk hslvrghv1

Rxu prgho dvvxphv wkdw sduhqwv* delolw| wr hydoxdwh wklv ulvn grhv qrw ghshqg

rq lqfrph1 Vxfk dq delolw| pd| eh lq sulqflsoh uhodwhg wr wzr pdlq fkdudfwhulvwlfv=

wkh hgxfdwlrq ohyho ri sduhqwv dqg wkhlu h{shulhqfh1 Wkh h{lvwhqfh ri d olqn ehwzhhq

hgxfdwlrq dqg lqfrph lv zhoo grfxphqwhg +vhh iru lqvwdqfh Dvkhqihowhu ) Urxvh/ 5333,1

Zlwk uhvshfw wr h{shulhqfh/ lw lv uhdvrqdeoh wr wklqn wkdw rqh ri wkh surplqhqw vrxufhv

ri h{shulhqfh lq wkh ghwhfwlrq dqg wuhdwphqw ri edg khdowk hslvrghv frxog eh wkh

suhvhqfh ri roghu shrsoh
( )

lq wkh krxvhkrog +Zhlw}pdq/ E|ug/ ) Dxlqjhu/ 4<<<> Hoohq/

Rww/ ) Vfkzdu}/ 4<<8, ru roghu vleolqjv lq wkh idplo| xqlw dowkrxj wkh odwwhu gr qrw

sod| d uroh lq rxu vdpsoh dv wklv lv frpsrvhg ri elsduhqwdo idplolhv zlwk rzq elrorjlfdo

ru dgrswhg fkloguhq rqo|1

* + , + - +
Rwkhu vrflr0hfrqrplf idfwruv

' Uhjlrq ri krxvhkrog= gxpp| yduldeohv iru wkh orfdwlrq ri wkh krxvhkrog lq rqh

ri irxu pdlq X1V1 uhjlrqv= Qruwk/ Zhvw/ Plgzhvw dqg Vrxwk1

' Xuedq= gxpp| lqglfdwlqj zkhwkhu wkh krxvhkrog lv orfdwhg lq d Phwursrolwdq

Duhd Vl}h }rqh1

' Khdowk Pdqdjhphqw Rujdql}dwlrq= gxpp| lqglfdwlqj zkhwkhu khdowk lqvxudqfh

lv pdqdjhg e| dq KPR

. /
Ru khdowk surihvvlrqdo uhodwlyhv dqg2ru iulhqgv1 Vxfk d srvvlelolw| fdqqrw eh frq0

wuroohg rq wkh edvlv ri wkh dydlodeoh lqirupdwlrq1 Rqh pljkw dujxh wkdw ulfk sduhqwv
duh pruh olnho| wr kdyh d khdowk surihvvlrqdo uhodwlyh ru iulhqg1 Zh wklqn wkdw wklv
dujxphqw/ li ydolg exw qrw surshuo| frqwuroohg e| hgxfdwlrq ohyho/ vkrxog eh pdujlqdo1
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Lq rxu wkhruhwlfdo prgho/ wkh h�ruw h{huwhg e| wkh sduhqwv lv dvvxphg wr eh ri d qrq

prqhwdu| qdwxuh1 Iru wklv uhdvrq/ zh zrxog olnh wr suhyhqw frqwdplqdwlrq vwhplqj

iurp wkh gl�huhqw prqhwdu| frvwv ri dffhvv wr khdowk v|vwhp hyhqwxdoo| idfhg e| wkh

srru dqg wkh ulfk1 Idfwruv vxfk dv sur{lplw| ri khdowk idflolwlhv frxog eh fruuhodwhg wr

idplo| lqfrph +vhh Fxuulh ) Uhdjdq/ 4<<;,1 Dovr/ lw lv zhoo nqrzq wkdw gxulqj wkh odvw

ghfdgh/ lqvxudqfh frpsdqlhv kdyh ehhq surjuhvvlyho| lqwurgxflqj khdowk pdqdjhphqw

rujdql}dwlrqv +KPRv, lq rughu wr uhgxfh wkh lpsdfw ri djhqf| sureohpv olnh lqgxfhg

ghpdqg/ lqvwhdg ri wkh iruphuo| pruh jhqhudol}hg ihh0iru0vhuylfh vfkhph1

Ilqdoo|/ doo uhjuhvvlrqv lqfoxgh rxu pdlq uhjuhvvru ri lqwhuhvw/ wkh dwwulexwhg wrwdo

lqfrph ri idplo| lq 4<<< grooduv1

2 3 2 3
D uhjuhvvlrq prgho iru rughuhg fkrlfh lq odwhqw frxqwv gdwd

Wkh uhjuhvvlrq dqdo|vlv rq wkh HU yduldeoh zrxog �uvw qhhg wr wdnh lqwr dffrxqw wkdw

hdfk fdwhjru| ri wkh ghshqghqw yduldeoh uhsuhvhqwv dq lqwhuydo ri iuhtxhqf| frxqwv ri

hphujhqf| urrp ylvlwv1 Rughuhg fkrlfh prghov kdyh ehhq zlgho| xvhg lq dssolfdwlrqv

zkhuh dq revhuydeoh fdwhjrulf yduldeoh | uhsuhvhqwv wkh uh0vfdolqj ri d odwhqw frqwlqxrxv

yduldeoh | 4 vr wkdw hdfk fdwhjru| ri | uhsuhvhqwv dq lqwhuydo ri | 4 1 Lw lv yhu| vwdqgdug

wr dvvxph qrupdolw| ri wkh odwhqw yduldeoh1 Ehlqj dqdorjrxv lq qdwxuh/ wkh sureohp

zh idfh khuh lv wkdw wkh ghshqghqw yduldeoh | uhsuhvhqwv d zhoo0gh�qhg uh0vfdolqj ri d

odwhqw glvfuhwh srvlwlyh yduldeoh1

Khqfh/ ohw i| 5 > {5 j
6

5 7 8 eh d udqgrp vdpsoh ri dq revhuydeoh fdwhjrulf yduldeoh |

zlwk vxssruw i�> = = = > Mj dqg d yhfwru ri fryduldwhv {1 Zh zloo dvvxph wkdw | 45 lv d

wudqvirupdwlrq W E| 45 � iurp d odwhqw frxqw yduldeoh | 45 zklfk kdv suredelolw| glvwulexwlrq

JE�m {5 > � 9 � zlwk vxssruw jlyhq e| wkh qdwxudo qxpehuv soxv wkh }hur1 Wkhuhiruh/ lw lv
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lqphgldwh wkdw wkh frqglwlrqdo suredelolw| ri fdwhjru| m lq revhuydwlrq l lv jlyhq e|

S E|< ' m m {< > � = � '
[

> ? @ A B C D E F
jE| G m {< > � = � +45,

Khqfh/ wkh frqglwlrqdo suredelolw| ixqfwlrq i ri | < lv jlyhq e|

iE|< m {< > � = � '
H

[

E I J � K > L I E M [

> ? @ A B C D E F
jE| G m {< > � = � +46,

D Pd{lpxp Olnholkrrg Hvwlpdwru lv dydlodeoh xs wr vshfl�fdwlrq ri wkh suredelolw|

ixqfwlrq ri odwhqw frxqwv jE� e| pd{lpl}dwlrq lq � ri wkh orjolnholkrrg ixqfwlrq1 Qrwlfh

wkdw lghqwl�fdwlrq ri +46, uholhv frpsohwho| rq lghqwl�fdwlrq ri wkh prgho iru wkh odwhqw

frxqw1 Wkh olwhudwxuh rq frxqw gdwd uhjuhvvlrq prghov vwduwv zlwk wkh edvlf Srlvvrq

olqhdu h{srqhqwldo prgho zkhuh lw lv dvvxphg wkdw | G< m {< > � = � S E� < � zlwk �< '

i TE{N< � = �1 Lq rxu qrwdwlrq/

jE| G< m {< > � = � ' �
> ?L< i TE�� < �

| G< - +47,

Wkh edvlf Srlvvrq prgho lv zhoo nqrzqO P iru idlolqj wr fdswxuh vrph uhohydqw ihdwxuhv

riwhq dsshdulqj lq dssolfdwlrqv/ olnh dq h{fhvv ri glvshuvlrq dqg2ru }hur frxqwv qrw

Q R
Vhh Fdphurq dqg Wulyhgl +4<<;, iru d jhqhudo uhihuhqfh rq frxqw gdwd uhjuhvvlrq

prghov1
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vxlwhg wr d Srlvvrq surfhvv1 D srsxodu dowhuqdwlyh lv wkh Qhjdwlyh Elqrpldo glvwulexwlrq

zklfk lv fkdudfwhul}hg e| d phdq sdudphwhu � zklfk lv olqhdu h{srqhqwldo dqg dq

dgglwlrqdo sdudphwhu � frqwuroolqj wkh yduldqfh1 Dq lqwhuhvwlqj ihdwxuh ri wkh Qhjdwlyh

Elqrpldo prgho lv wkdw lw fdq eh lqwhusuhwhg dv d Srlvvrq surfhvv zlwk xqrevhuydeoh

Jdppd0glvwulexwhg khwhurjhqhlw| d�hfwlqj wkh phdq1 Lq rxu frqwh{w/ li | UV m {V > � W
iroorzv d Qhjdwlyh Elqrpldo odz wkhq

jE| UV m {V > � W � '
KE� n | UV �

KE��KE| UV n ��

�

�

� n �V
� X �

�V
� n � V

� Y Z[
+48,

Krzhyhu/ qhlwkhu Srlvvrq qru Qhjdwlyh Elqrpldo vhhp dssursuldwh fkrlfhv lq wkrvh

fdvhv zkhuh gdwd vkrzv dq deqrupdo h{fhvv ri }hurv1 Dv lw lv uhsruwhg lq wdeoh 4/ }hurv

uhsuhvhqw derxw ;3( ri wkh HU revhuydwlrqv1 Wkh kxugoh prgho fdq hqfrpsdvv erwk

wkh Srlvvrq ru wkh Qhjdwlyh Elqrpldo prghov e| dvvxplqj wkdw wkh revhuydeoh frxqwv

duh wkh uhvxow ri wkh pl{wxuh ri wzr gl�huhqw surfhvvhv= rqh gulylqj wkh }hur2qrq0}hur

rxwfrphv dqg dqrwkhu rqh zklfk vshfl�hv wkh iuhtxhqf| frxqwv frqglwlrqdo rq qrq0}hur

fdwhjru|1 Ohw | U\ V > | U] V eh wzr frxqw odwhqw yduldeohv zlwk glvwulexwlrqv j \ E| U\ V m { \ V > � W \ �

dqg j ] E| U] V m { ] V > � W ] �/ wkh gdwd jhqhudwlqj surfhvv lv gh�qhg dv

| UV '

;

A

A

?

A

A

=

f li | U\ V ' f

| U] V li | U\ V A f> | U] V A f

Wkhuhiruh/

^ _

ssabater
29

jteschen
^ _



jE| `a m {a > � b � ' � i| `a ' fj j c Ef m { c a > � b c � n

n� i| `a A fj
j d E| `d a m { d a > � b d �

� � j d Ef m { d a > � b d �
E� � j c Ef m { c a > � b c �� +49,

zkhuh d frpprq vkruwfxw lv wr dvvxph wkdw j c dqg2ru j d duh Srlvvrq ru Qhjdwlyh

Elqrpldo1 Wkh kxugoh prgho urxjko| lpsolhv wkdw wkh vxesrsxodwlrq ri lqglylgxdov

zkr zhqw dw ohdvw rqfh wr wkh hphujhqf| urrp lv doorzhg wr gl�hu lq whupv ri wkhlu

fkdudfwhulvwlfv iurp wkh zkroh srsxodwlrq1 Wklv prgho kdv riwhq ehhq dssolhg lq d

khdowk hfrqrplfv frqwh{w zkhuh wkh deryh lqwhusuhwdwlrq lv sduwlfxoduo| dsshdolqj wr

prgho vrph grfxphqwhg ihdwxuhv ri wklv pdunhw/ olnh lqgxfhg ghpdqg +vhh +Ghe )

Wulyhgl/ 4<<:,,1

e f g f
Uhvxowv ri hvwlpdwlrq dqg wkh uroh ri vrfldo prelolw|

Wdeoh 5 vkrzv wkh hvwlpdwhv iru wkh HU yduldeoh ri wkh rughuhg fkrlfh prgho iurp wkh

deryh vhfwlrq/ xvlqj dowhuqdwlyh vshfl�fdwlrqv iru wkh frqglwlrqdo suredelolw| ixqfwlrq

jE�1 Froxpq 4 vshfl�hv d Srlvvrq surfhvv iru wkh odwhqw frxqw yduldeoh dv lq +47,1 Wkh

lqfrph sdudphwhu lv qhjdwlyh dqg vljql�fdqw dw 4( ohyho1 Urxjko|/ hdfk 43/333 XVG

lqfuhphqw lq idplo| lqfrph uhgxfhv wkhlu xvh ri HU idflolwlhv e| 7( dssur{lpdwho|1

Rwkhu wkdq wkdw/ djh dqg zklwh udfh d�hfw qhjdwlyho| wkh HU xwlol}dwlrq iuhtxhqf|

zkloh wkh uhjuhvvruv wkdw frqwuro iru khdowk frqglwlrq vkrz wkh vljq dv h{shfwhg1 Zlwk

uhvshfw wr wkh idplo| vwuxfwxuh/ wkh qxpehu ri vleolqjv/ wkh hgxfdwlrq ri wkh idwkhu/

dqg ehlqj d vwhs idwkhu ru zrunlqj prwkhu d�hfw wkh HU xwlol}dwlrq vljql�fdqwo|1
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Krzhyhu/ lq ylhz ri wkh urzv dw wkh erwwrp ri wdeoh 5/ wkh Rughuhg Fkrlfh Srlvvrq

prgho idlov wr fdswxuh wkh iuhtxhqflhv ri wkh revhuyhg gdwd/ udlvlqj grxewv derxw

wkh dssursuldwhqhvv ri rxu fkrlfhv1 Dowhuqdwlyho|/ wkh QE prgho lpsuryhv wkh �w

vljql�fdqwo| dqg lv qrw uhmhfwhg +vhh wkh Shduvrq*v dqg Dqguhz*v vshfl�fdwlrq whvwv

frh!flhqwv,1 Lq wklv prgho/ wkh frh!flhqw rq lqfrph lv voljkwo| vpdoohu +618(, exw

vwloo vljql�fdqw dqg qhjdwlyh1

Lw frxog eh dujxhg wkdw lqglylgxdov kdylqj d }hur revhuydwlrq pd| uh hfw wzr gli0

ihuhqw vxesrsxodwlrqv= hlwkhu wkh fklog glg qrw kdyh d vshoo wkh suhylrxv |hdu ru vkh

glg exw wkhlu sduhqwv glg qrw wdnh khu wr wkh HU1 Lq dq| fdvh/ wkh lqfrph frh!flhqw rq

wkh vxesrsxodwlrq ri lqglylgxdov zkr ylvlwhg HU dw ohdvw rqfh vkrxog uh hfw pruh wkh

nlqg ri h�hfw zh duh lqwhuhvwhg lq lqyhvwljdwlqj1 Zh fdq dqdo|}h wklv vxesrsxodwlrq

vhsdudwho| e| xvlqj wkh kxugoh prgho lq +49,1 Rqfh zh gr vr/ zh vwloo ghwhfw +vhh wkh

odvw wzr froxpqv ri Wdeoh 5, wkh suhvhqfh ri d vljql�fdqw qhjdwlyh judglhqw ehwzhhq

lqfrph dqg HU xwlol}dwlrq erwk lq wkh zkroh vdpsoh dqg lq wkh vxesrsxodwlrq ri lq0

glylgxdov wkdw zhqw dw ohdvw rqfh wr wkh HU1 Dv d �uvw frqfoxvlrq wkhq/ qrw rqo| wkh

qhjdwlyh HU2lqfrph vorsh vhhpv wr eh urexvw wr wkh fkrlfh ri jE�/ exw dovr lwv vl}h

vhhpv wr eh juhdwhu iru wkh vxesrsxodwlrq ri HU xvhuv1

Vwloo zh zhuh zruulhg derxw wkh srvvlelolw| wkdw wkhvh uhvxowv frxog vlpso| eh uh0

 hfwlqj gl�huhqfhv lq khdowk fduh dffhvv iru ulfk dqg srru idplolhv zlwk sulydwh khdowk

lqvxudqfh1 Sduwlfxoduo|/ ulfk idplolhv frxog eh hqmr|lqj ehwwhu khdowk lqvxudqfh fryhu0

djh dqg khqfh/ wkh| frxog eh xvlqj uhjxodu fduh lq grfwruv* r!fhv wr vxevwlwxwh wkhlu

hyhqwxdo ghpdqg ri HU vhuylfhv1 Iru lqvwdqfh/ lq d uhfhqw duwlfoh/ Fkulvwdnlv/ Phoo/

Nrhsvhoo/ ]lpphupdq/ dqg Frqqhoo +5334, vkrz wkdw orzhu frqwlqxlw| ri sulpdu| fduh

lpsolhv d kljkhu ulvn ri HU xwlol}dwlrq iru fkloguhq/ zkloh Eloolqjv dqg Plmdqrylfk
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+5333, vd| wkdw hfrqrplf frqvwudlqwv fdxvh pdq| ri wkh xqlqvxuhg wr ghod| vhhnlqj

wuhdwphqw xqwlo wkhlu phglfdo frqglwlrq kdv vhulrxvo| zruvhqhg1

Iru wklv uhdvrq/ zh lqyhvwljdwh zkhwkhu wkh revhuydwlrq ri d qhjdwlyh lqfrph jud0

glhqw lv gxh wr gl�huhqfhv lq wkh ghjuhh ri HU2fkhfn0xs vxevwlwxwdelolw| ehwzhhq wkh

srru dqg wkh ulfk1 Zh hvwlpdwh dq rughuhg fkrlfh prgho zkhuh wkh ghshqghqw yduldeoh

lv wkh fdwhjru| ri wkh iuhtxhqf| ylvlwv wr d grfwru*v r!fh zkrvh uhvxowv duh vkrzq lq

Wdeoh 61 Wkh hvwlpdwhg frh!flhqw rq lqfrph xvlqj d Qhjdwlyh Elqrpldo ru d Srlvvrq

dv wkh odwhqw glvwulexwlrq zdv durxqg 314( srvlwlyh exw qrq vljql�fdqw1 Xvlqj d kxu0

goh Qhjdwlyh Elqrpldo glvwulexwlrq/ frh!flhqwv vkrzhg rssrvlwh vljqv lq wkh SURELW

dqg FRXQW sduw1 Wkh ryhudoo hodvwlflw| ri lqfrph zdv vpdoohu wkdq 317( txlwh xqolnh

wkh qhjdwlyh 61;( hodvwlflw| lq wkh fdvh ri HU xwlol}dwlrq +vhh Wdeoh 5,1 Wkhuhiruh/

zh frqfoxgh wkdw dowkrxjk wkhuh h{lvwv plqru hylghqfh ri d kljkhu vxevwlwxwlrq ri HU

ghpdqg iru uhjxodu grfwru*v r!fh fkhfn0xsv iru ulfk idplolhv/ wkh pdjqlwxgh ri wklv

h�hfw lv wrr vpdoo wr h{sodlq wkh qhjdwlyh lqfrph2HU judglhqw1

Xs wr qrz/ qr glvwlqfwlrq kdv ehhq pdgh ehwzhhq shupdqhqw dqg fxuuhqw lqfrph1

Lw lv vhqvleoh/ krzhyhu/ wr wklqn wkdw lqglylgxdov hoderudwh orqj uxq ghflvlrqv/ olnh

wkh rqhv lpsolflw lq rxu prgho ri vhfwlrq 5 rq wkh edvlv ri shupdqhqw lqfrph dqg

qrw xvlqj wkhlu fxuuhqw lqfrph sur�oh1 Iru lqvwdqfh/ lqglylgxdov zlwk d fxuuhqw orz

zdjh +vd|/ grfwrudwh vwxghqwv, kdyh d juhdwhu shupdqhqw ru h{shfwhg lqfrph1 Wkhvh

shrsoh duh ehlqj frqvlghuhg dv srru lq wkh vdpsoh/ zkloh wkhlu ghflvlrqv duh gulyhq e|

wkh survshfw juhdwhu zdjhv lq wkh ixwxuh1 Li wkhuh lv vrph xqrevhuydeoh idfwru wkdw

pdnhv wkhvh lqglylgxdov sduwlfxoduo| surqh wr xvh hphujhqf| urrp vhuylfhv/ wkhq dq

lqfruuhfw phdvxuhphqw ri lqfrph frxog eh uhvsrqvleoh iru wkh odujh judglhqw irxqg

lq wkh suhylrxv vxevhfwlrq1 Phdvxulqj wkh shupdqhqw lqfrph lv sureohpdwlf gxh wr
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lwv qrq revhuydelolw|1 Lw lv h{shfwhg/ krzhyhu/ wkdw wkh jds ehwzhhq shupdqhqw dqg

fxuuhqw lqfrph vkulqnv dv wkh surgxfwlyh olih ri wkh lqglylgxdo uhdfkhv khu uhwluhphqw

djh1 Khqfh/ lw lv dovr h{shfwhg wkdw li wkh glfkrwrp| ehwzhhq shupdqhqw dqg fxuuhqw

lqfrph kdv d uroh/ wkh hvwlpdwhg HU2lqfrph judglhqw vkrxog gl�hu iru wkrvh lqglylgxdov

zkrvh shupdqhqw lqfrph lv qrw dfwxdoo| idu iurp klv fxuuhqw lqfrph1

Wkhuh lv dqrwkhu wrslf zh zhuh lqwhuhvwhg lq lqyhvwljdwlqj1 Uhfdoo wkdw d vx!0

flhqw frqglwlrq lq rxu lqyhvwphqw prgho iru suhglfwlqj d qhjdwlyh uhodwlrqvkls ehwzhhq

lqfrph dqg HU xwlol}dwlrq zdv erwk wkdw fkloguhq vroyh wkhlu xwlolw| pd{lpl}dwlrq

surjudp e| wdnlqj lqwr dffrxqw wkh xwlolw| ri sduhqwv dqg wkdw wkh lqwhujhqhudwlrqdo

lqfrph wudqvlwlrq ixqfwlrq y lv frqfdyh1 Vlqfh wkh fxuydwxuh ri wklv ixqfwlrq gh�qhv

wkh ohyho ri lqwhujhqhudwlrqdo vrfldo prelolw| ri wkh hfrqrp|/ rqh vkrxog h{shfw wkdw lq

uhjlrqv zkhuh vrfldo prelolw| lv kljkhu/ wkh HU2lqfrph judglhqw vkrxog eh dovr pruh

lpsruwdqw1

Frqvhtxhqwo|/ zh lqfoxgh d qhz vhw ri uhjuhvvruv wr wkh htxdwlrqv hvwlpdwhg lq wkh

suhfhglqj vhfwlrq wr frqwuro iru erwk wkh uroh ri shupdqhqw lqfrph dqg vrfldo prelolw|

+vhh Wdeoh 7,1 Lq rughu wr ghdo zlwk wkh �uvw sureohp mxvw phqwlrqhg/ zh lqfoxgh wkh

furvv0surgxfw ri lqfrph zlwk d gxpp| wkdw lqglfdwhv li wkh khdg ri wkh idplo| lv roghu

wkdq 731 Wr vroyh wkh vhfrqg sureohp/ furvv0surgxfwv ri lqfrph dqg XV uhjlrq duh

dovr dgghg dv uhjuhvvruv1 Qrwlfh +vhh Wdeoh 7, wkdw lqfoxglqj wkhvh uhjuhvvruv grhv

qrw dowhu wkh lqfrph judglhqw iru wkh Srlvvrq dqg Qhjdwlyh Elqrpldo1 Lw wxuqv rxw/

krzhyhu/ wkdw wkh kxugoh prgho ghwhfwv wkdw wkh vl}h ri wkh judglhqw lq wkh FRXQW

sduw lv vljql�fdqwo| kljkhu iru shrsoh |rxqjhu wkdq 73/ zkhuh rqh zrxog h{shfw wr

�qg wkh juhdwhu gl�huhqfhv ehwzhhq fxuuhqw dqg shupdqhqw lqfrph1 Dovr/ zh ghwhfw

wkdw wkh judglhqw gl�huv vljql�fdqwo| iru gl�huhqw XV uhjlrqv dqg pruh vshfl�fdoo|
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iru wkh Vrxwkhuq vwdwhv1 Iljxuh 5 ghslfwv d sorw ri wkh uhodwlrqvkls ehwzhhq lqfrph

dqg hphujhqf| urrp xwlol}dwlrq1 Qrwlfh wkdw lq wkh vwdwhv ri wkh Vrxwk/ zkhuh vrfldo

prelolw| lv orzhu +vhh Ohylqh/ 4<<<,/ wklv uhodwlrqvkls lv pxfk  dwwhu1 Dv d frqfoxvlrq/

wkh deryh uhvxowv vkrz wkdw wkh wkhruhwlfdo prgho ri fkloguhq dv lqyhvwphqw lv frqvlvwhqw

zlwk wkh hylghqfh dqdo|}hg khuh1

p q
DGGLWLRQDO HYLGHQFH

r s t s
Krph0dfflghqw suhyhqwlyh fduh

Dowrjhwkhu/ wkh deryh hylghqfh vxjjhvwv wkdw/ zkhq glvfxvvlqj sduhqwv0fkloguhq gh0

flvlrqv dw wkh ohyho ri khdowk fduh/ wkh wkhruhwlfdo dowuxlvwlf prgho sursrvhg dqg wkhlu

suhglfwlrqv gr qrw pdwfk wkh revhuyhg gdwd/ zkhuhdv d prgho zkhuh sduhqwv frqwhp0

sodwh wkhlu fkloguhq dv dq lqyhvwphqw jrrg lv qrw uhmhfwhg1 Vwloo/ d whvw ri wkh wkhruhwlfdo

prgho lq vhfwlrq 5 xvlqj gdwd rq HU fdq kdyh vhyhudo zhdn srlqwv1 Wkh pdlq remhfwlrq

djdlqvw wklv frqfoxvlrq lv wkdw/ ghvslwh rxu h�ruwv/ zh kdyh qrw ehhq deoh wr frqwuro

surshuo| iru pdunhw glvwruwlrqv dqg xqrevhuydeoh idfwruv zklfk pd| eh plvohdglqj rxu

frqfoxvlrqv1 Iru wklv uhdvrq zh zdqwhg wr furvv0whvw wkh uhvxowv deryh xvlqj d gl�huhqw

dssurdfk1

Zh froohfwhg gdwd iurp wkh Qdwlrqdo Vxuyh| ri Hduo| Fklogkrrg Khdowk +QVHFK/

dydlodeoh e| dqrq|prxv iws dw iws1fgf1jry, zklfk frqwdlqv lqirupdwlrq rq wkh dfwlrqv

wkdw sduhqwv wdnh lq rughu wr suhyhqw krph dfflghqwv/ zklfk frpsuhkhqg sxwwlqj

xs ede| jdwhv/ orfnlqj fdelqhwv frqwdlqlqj fohdqlqj djhqwv/ sdgglqj vkdushg hgjhv/

sxwwlqj vwrsshuv lq hohfwulfdo rxwohwv/ orzhulqj krw zdwhu vhwwlqj rq wkh wkhuprvwdw

ru kdylqj v|uxs ri lshfdf dw krph1 Doo wkhvh lqyhvwphqw phdvxuhv lpso| d plqlpdo
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�qdqfldo frvw dqg/ lq wkdw vhqvh/ duh frqvlvwhqw zlwk wkh dvvxpswlrq ri wkh prgho1

Lq dgglwlrq/ wkh vxuyh| lqfoxghv vrph vrflrhfrqrplf dqg ghprjudsklf lqirupdwlrq

ri wkh idplo| +djh/ udfh/ hwkqlflw|/ hgxfdwlrq ohyho/ uhjlrq, lqfoxglqj idplo| lqfrph

phdvxuhg lq lqfrph lqwhuydov/ dv zhoo dv idplo| frpsrvlwlrq dqg vwuxfwxuh +pdulwdo

vwdwxv/ qxpehu ri vleolqjv/ hwf1,1 Wkh vxuyh| zdv uxq gxulqj wkh �uvw vhphvwhu ri |hdu

5333 wkurxjk frpsxwhu0dvvlvwhg whohskrqlf lqwhuylhzv ri 5/39; idplolhv zlwk fkloguhq

djhg ehwzhhq 7 dqg 68 prqwkv1

Wdeoh 8 frqwdlqv wkh uhvxowv ri wkh hvwlpdwlrq ri dq ruglqdo Surelw prgho v v zkhuh

wkh ghshqghqw yduldeoh lv wkh qxpehu ri suhyhqwlyh phdvxuhv wkdw sduhqwv uhsruw wr

kdyh wdnhq iurp wkrvh olvwhg lq wkh lqwhuylhz1 D vljql�fdqw dqg qhjdwlyh h�hfw ri idplo|

lqfrph frq�upv rxu suhylrxv �qglqjv rq HU xwlol}dwlrq iuhtxhqf|1 Khuh rqh vkrxog

phqwlrq wkh zrun ri Fdvh dqg Sd{vrq +5333, zkhuh wkh dxwkruv xvh lqirupdwlrq iurp

wkh 4<;; Qdwlrqdo Khdowk Lqwhuylhz Vxuyh| Fklog Khdowk Vxssohphqw wr dqdo|}h vhyhudo

txhvwlrqv derxw zkr lqyhvwv lq fkloguhq*v khdowk1 Dowkrxjk wkhlu sulpdu| remhfwlyh lv

gl�huhqw iurp wkh rqh sxuvxhg khuh/ wkhvh dxwkruv dqdo|}h wkh xvh ri vhdw ehowv dqg

�qg d srvlwlyh uhodwlrq ehwzhhq idplo| lqfrph dqg fkloguhq*v vhdw ehow xvh1 Zh wklqn

wkdw wklv �qglqj grhv qrw hqwhu lq frqwudglfwlrq zlwk rxu uhvxowv= �uvw/ d srvlwlyh

uhodwlrqvkls grhv qrw lpso| wkh idovhqhvv ri wkh lqyhvwphqw prgho lq rxu wkhruhwlfdo

w w
Dq ruglqdo surelw vshfl�hv wkdw wkhuh h{lvwv dq xqrevhuydeoh yduldeoh | xy zklfk

iroorzv d olqhdu uhjuhvvlrq prgho | xy ' {zy � n xy vxfk wkdw wkh revhuydeoh yduldeoh |y lv d
qrq0olqhdu wudqvirupdwlrq ri | xy rq wkh vhw ri lqwhjhuv if> �> ===> nj= Wklv wudqvirupdwlrq
lv ruglqdo lq wkh vhqvh wkdw wkhuh h{lvwv ohyhov i� { > � | > ===> � } j vxfk wkdw

|y ' f li | xy � � {
|y ' � li � { ? | xy � � |
=== ===

li � } ~ | ? | xy � � }
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vhwxs= lw vlpso| grhv qrw khos wr glvfulplqdwh ehwzhhq wkh wzr frpshwlqj prghov1

Vhfrqg/ wkh lqirupdwlrq uhsruwhg e| idplolhv rq wkh xvh ri wkh vhdw ehow pljkw eh

frqwdplqdwhg e| plvuhsruwlqj +iru lqvwdqfh/ li sduhqwv fduh derxw uhsruwlqj d vrfldoo|

uhsuryhg ehkdylru,1 Wklug/ wkh deryh vxuyh| surylghv rwkhu w|shv ri hylghqfh zklfk

hqwhu lq frqwudglfwlrq zlwk wkh dowuxlvwlf prgho1 Iru h{dpsoh/ wkhuh lv d qhjdwlyh

uhodwlrq ehwzhhq wkh xvh ri wkh vhdw ehow dqg wkh qxpehu ri fkloguhq1 Wklv vhhpv wr

eh pruh lq dffrugdqfh zlwk dq lqyhvwphqw dssurdfk vlqfh kdylqj pruh nlgv lpsolhv

d ohvv ulvn| dvvhw dqg wkhuhiruh ohvv h�ruw pljkw eh qhhghg rq wkh fduh ri hdfk fklog1

Dqg �qdoo|/ rxu whvw ghshqgv rq d gl�huhqw vhohfwlrq ri wkh frqwuro idfwruv wr dyrlg

frqwdplqdwlrq ri wkh judglhqw e| khwhurjhqhlw| lq wkh ulvn ri lqmxu| ru dfflghqw zlwk

uhvshfw wr gl�huhqw lqfrph ohyhov1

Ilqdoo|/ lw lv lqwhuhvwlqj wr qrwlfh wkdw pduulhg ru zlgrzhg prwkhuv vhhp eh wr

pruh fduhixo lq krph dfflghqw suhyhqwlrq wkdq qrq0pduulhg ru glyrufhg1 Vxfk d uhvxow

vhhp frqvlvwhqw zlwk Fdvh dqg Sd{vrq +5333, zkr irxqg wkdw d vlplodu h�hfw suhydlohg

ehwzhhq elrorjlfdo dqg qrq0elrorjlfdo prwkhuv1 Dovr/ djh +lq prqwkv, dqg wkh qxpehu

ri dgxowv lq wkh idplo| d�hfw srvlwlyho| wkh dfflghqw suhyhqwlyh fduh1 Wkh �uvw fdq eh

gxh wr wkh idfw wkdw vdpsoh fkloguhq duh 6 |hduv rog ru |rxqjhu/ zkloh wkh vhfrqg/ dv

lq wkh fdvh ri pduulhg zrphq/ fdq dovr eh uhodwhg wr wkh uhvxowv lq Fdvh dqg Sd{vrq

+5333,1

� � � �
Lqidqw Pruwdolw| Gdwd

Li ulfk sduhqwv vkrz d pruh uhod{hg dwwlwxgh wrzdugv wkhlu fkloguhq*v fduh wkhq lw

zrxog eh vhqvleoh wr wklqn wkdw pruwdolw| udwhv vkrxog eh juhdwhu dprqj ulfk idplolhv

� �

ssabater
36

jteschen
Ł Ł



wkdq dprqj srru rqhv1 Lq sulqflsoh/ wklv d!updwlrq lv djdlqvw0hylghqfh1 � � Krzhyhu/

zh wklqn lw lv suhpdwxuh wr uhmhfw doo rxu suhylrxv �qglqjv edvhg rq wklv1 Lq idfw/

pdq| rwkhu idfwruv vxfk dv sduhqwv* hgxfdwlrq/ ihhglqj/ gl�huhqfhv lq frvw ri dffhvv

dqg rwkhuv olnho| fruuhodwhg zlwk lqfrph pd| eh sod|lqj d uroh vr wkdw �qdo revhuyhg

pruwdolw| udwhv wxuq rxw wr eh ghfuhdvlqj1

Zlwk wkh khos ri d surihvvlrqdo shgldwulfldq/ zh lghqwl�hg d jurxs ri glvhdvhv zklfk

phhw wkuhh frqglwlrqv= �uvw/ wkhuh lv qr hylghqfh wkdw wkh| d�hfw gl�huhqwo| wkh fklo0

guhq ri ulfk dqg srru idplolhv> vhfrqg/ wkhvh sdwkrorjlhv duh dfxwh dqg duh frqvlghuhg

gdqjhurxv li qrw wuhdwhg lq wkh �uvw 57 krxuv dqg wklug/ wkh| frxuvh zlwk v|pswrpv

zklfk fdqqrw eh hdvlo| lghqwl�hg h{fhsw e| d surihvvlrqdo +l1h1/ v|pswrpv wkdw fdq eh

plvlqwhusuhwhg/ iru lqvwdqfh/ dv lq d vlpsoh frog,1 Wkhvh glvhdvhv fruuhvsrqg wr ds0

sur{lpdwho| ;8 LFG +Lqwhuqdwlrqdo Fodvvl�fdwlrq ri Glvhdvhv, frghv/ dqg phqlqjlwlv/

vhswlfhpld dqg sqhxprqld duh dprqj wkh prvw suhydohqw rqhv lq wkh srsxodwlrq ri

fkloguhq djhg xs wr rqh |hdu rog1

Zh xvhg gdwd iurp wkh Qdwlrqdo Pdwhuqdo dqg Lqidqw Khdowk Vxuyh| lq 4<;;1 Wklv

vxuyh| vdpsohv 46/74: olyh eluwkv iurp 4<;; X1V1 eluwk fhuwl�fdwhv dqg ;/499 lqidqw

ghdwkv +ehorz rqh |hdu rog, iurp ghdwk fhuwl�fdwhv1 Wkh vxuyh| lqfoxghv qrw rqo|

lqirupdwlrq rq wkh LFG frgh ri wkh fdxvh ri ghdwk exw dovr lqfrph ri wkh idplo|1 Ohvv

wkdq 61:( ri wkh lqidqw ghdwk fdxvhv fruuhvsrqg wr rqh ri wkhvh glvhdvhv zklfk ohdyhv

derxw 5<; revhuydwlrqv1 Phdq lqfrph iru wklv jurxs zdv ri 5;/:34 XVG/ 91;( kljkhu

wkdq wkh phdq lqfrph ri wkh lqidqw ghdwk vdpsoh dqg 61:( kljkhu wkdq wkdw ri wkh

� �
Lq 4<<;/ zrphq zlwk krxvhkrog lqfrphv ehorz wkh sryhuw| ohyho glvsod|hg dq lqidqw

pruwdolw| udwh wkdw zdv 93( kljkhu zkloh wkh srvwqhrqdwdo pruwdolw| udwh zdv wzlfh
dv kljk dv wkrvh iru zrphq olylqj deryh sryhuw| ohyho1 Iljxuhv duh h{wudfwhg iurp wkh
Pruelglw| dqg Pruwdolw| Zhhno| Uhsruw/ Ghfhpehu 48/ 4<<81

� �

ssabater
37

jteschen
Ł Ł



olyh eluwkv vdpsoh1 Zh shuiruphg vhyhudo qrq0sdudphwulf Pdqq0Zklwqh| whvwv rq wkh

lqfrph yduldeoh= lqfrph ri olyh eluwkv dqg wkh vdpsoh ri lqidqw ghdwkv fdxvhg e| rqh

ri wkh glvhdvhv ri lqwhuhvw/ dqg wklv dqg wkh uhpdlqlqj fdxvhv ri ghdwk zhuh qrw irxqg

wr eh gl�huhqw zlwk s0ydoxhv ri 31;:< dqg 315441 Wkh rqo| vljql�fdqw gl�huhqfh zdv

irxqg ehwzhhq olyh eluwkv dqg wkh zkroh lqidqw ghdwk vdpsoh zlwk s0ydoxh ri 31343

idyrulqj wkh dowhuqdwlyh wkdw ghdwk udwhv +ri doo fdxvhv, duh kljkhu dprqj srru shrsoh1

Vxppdul}lqj/ zh �qg wkdw wkh suhydohqfh ri wkh fdxvhv ri ghdwk ri lqwhuhvw lv kljkhu

dprqj ulfk idplolhv dowkrxjk qrw vwdwlvwlfdoo| vljql�fdqw iru wkh vpdoo vdpsoh vl}h

xvhg1

� �
ILQDO FRPPHQWV

Zh sursrvh d wzr0shulrg wkhruhwlfdo prgho zkhuh sduhqwv kdyh wr ghflgh zkhwkhu

wr wdnh wkhlu fkloguhq wr wkh hphujhqf| urrp ru qrw1 Wkhlu ghflvlrq lv dqdo|}hg xqghu

wzr frpshwlqj iudphzrunv= hlwkhu sduhqwv duh prwlydwhg e| dowuxlvp ru wkhlu ghflvlrqv

duh edvhg rq frqwhpsodwlqj fkloguhq dv dq lqyhvwphqw1 Xqghu jhqhulf dowuxlvp/ ulfk

sduhqwv vkrxog fhwhulv sdulexv wdnh wkhlu fkloguhq pruh riwhq wr wkh hphujhqf| urrp

zkhq idfhg zlwk d jlyhq edg khdowk vljqdo1 Zh �qg wkdw wklv whvwdeoh suhglfwlrq lv

qrw yhul�hg lq dq rughuhg odwhqw frxqw prgho zkhuh wkh iuhtxhqf| ri hphujhqf| urrp

xwlol}dwlrq lv uhjuhvvhg rq d vhw ri fryduldwhv zklfk lqfoxgh idplo| lqfrph1 Zh dovr �qg

wkdw dowhuqdwlyh h{sodqdwlrqv/ rwkhu wkdq wkrvh suhglfwhg e| dq lqyhvwphqw prgho/ gr

qrw d�hfw wklv pdlq uhvxow1 Iluvw/ dowkrxjk ulfk idplolhv frxog kdyh ehwwhu dffhvv wr

suhyhqwlyh fduh dqg khqfh uhsodfh wkh qhhg iru hphujhqf| urrp xwlol}dwlrq e| d pruh

frqwlqxrxv zhoo0ede| fkhfn0xs/ wklv vxevwlwxwlrq h�hfw lv qrw hqrxjk wr h{sodlq wkh

pdjqlwxgh ri wkh revhuyhg judglhqw1 Vhfrqg/ d vlplodu uhvxow iroorzv zkhq zh lqfoxgh
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frqwurov iru wkh gl�huhqfhv ehwzhhq shupdqhqw dqg fxuuhqw lqfrph1 Dqg wklug/ zh �qg

wkdw wkh suhglfwlrqv ri wkh lqyhvwphqw prgho lq whupv ri wkh uhodwlrq ehwzhhq lqfrph

judglhqw dqg vrfldo prelolw| duh qrw uhmhfwhg e| wkh hylghqfh dw kdqg1 Ilqdoo|/ zh

�qg wkdw dowhuqdwlyh phdvxuhv ri sduhqwdo h�ruw uhjduglqj fkloguhq*v khdowk/ olnh krph

dfflghqw suhyhqwlrq/ gr vkrz wkh vdph vljq ri wkh judglhqw zlwk uhvshfw wr lqfrph dv

lq wkh fdvh ri hphujhqf| urrp xwlol}dwlrq1

Wkh hpslulfdo hylghqfh suhvhqwhg khuh vxjjhvwv wkdw fkloguhq pljkw vwloo sod| dq

lpsruwdqw uroh dv dvvhwv iru sduhqwv* rog djh lq ghyhorshg hfrqrplhv1 Lqwhjudwlqj

sduhqwv* khdowk lqyhvwphqw lq fkloguhq zlwk ihuwlolw| ghflvlrqv zloo eh sduw ri ixuwkhu

uhvhdufk rq wklv lvvxh1 Wkhuh duh rwkhu hfrqrplf phdvxuhv/ gl�huhqw iurp wkh khdowk

lqyhvwphqw ghflvlrq dqdo|}hg khuh dqg wkh rqhv douhdg| frqvlghuhg lq wkh olwhudwxuh/

wkdw vkrxog eh vwxglhg dv zhoo1 Iru lqvwdqfh/ li rxu dqdo|vlv lv fruuhfw dqg fkloguhq fdq

eh vhhq dv dq lqyhvwphqw/ dgxow sduhqwv pljkw lqyhvw ohvv lq shqvlrq ixqgv wkdq dgxowv

zlwk qr fkloguhq1 Wklv dqg rwkhu vlplodu hpslulfdo txhvwlrqv zloo dovr eh dqdo|}hg lq

ixwxuh zrun1
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Uhihuhqfhv

+Fkdswhu khdg=,-

Uhihuhqfhv

Dowrqml/ M1/ Kd|dvkl/ I1/ ) Nrwolnr�/ O1 +4<<5,1 Lv wkh h{whqghg idplo| dowuxlvwlfdoo|

olqnhgB Dphulfdq Hfrqrplf Uhylhz/ ;5 +8,/ 44::044<:1

Dowrqml/ M1/ Kd|dvkl/ I1/ ) Nrwolnr�/ O1 +4<<:,1 Sduhqwdo dowuxlvp dqg lqwhuy ylyrv

wudqvihuv= Wkhru| dqg hylghqfh1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ 438 +9,/ 4454044991

Dqguhrql/ M1 +4<;<,1 Jlyhq zlwk lpsxuh dowuxlvp= Dssolfdwlrqv wr fkdulw| dqg ulfdugldq

htxlydohqfh1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ <: +9,/ 477:0478;1

Dvkhqihowhu/ R1/ ) Urxvh/ F1 +5333,1 Vfkrrolqj/ lqwhooljhqfh dqg lqfrph lq dphulfd1

Sulqfhwrq/ Q1M1= Sulqfhwrq Xqlyhuvlw| Suhvv1

Eduur/ U1 +4<:7,1 Duh jryhuqphqw erqgv qhw zhdowkB Mrxuqdo ri Srolwlfdo Hfrqrp|/

;5+9,/ 43<80444:1

Ehfnhu/ J1 +4<:7,1 D wkhru| ri vrfldo lqwhudfwlrqv1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;5

+9,/ 4396043<61

Ehfnhu/ J1 +4<<4,1 D wuhdwlvh rq wkh idplo|1 Fdpeulgjh= Kduydug Xqlyhuvlw| Suhvv1

Ehqderx/ U1 +5335,1 Wd{ dqg hgxfdwlrq srolf| lq d khwhurjhqrxv djhqw hfrqrp|1

Hfrqrphwulfd/ :3+5,/ 7;4084:1
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Ehuqkhlp/ E1/ Vkohlihu/ D1/ ) Vxpphuv/ O1 +4<;8,1 Wkh vwudwhjlf ehtxhvw prwlyh1

Mrxuqdo ri Srolwlfdo Hfrqrp|/ <6+9,/ 4378043:91

Eloolqjv/ M1/ ) Plmdqrylfk/ W1 +5333,1 Hphujhqf| urrp xvh= Wkh qhz |run vwru|1 Wkh

Frpprqzhdowk Ixqg/ 40441

Erogulq/ P1/ ) Mrqhv/ O1 H1 +5335,1 Pruwdolw|/ ihuwlolw| dqg vdylqj ghflvlrqv/ lq d

pdowkxvldq hfrqrp| +Whfk1 Uhs1,1

Exguðd0Urguljxh}/ V1/ Gðd}0Jlphqh}/ M1/ ) Uxoo/ M1 U1 +5335,1 Xsgdwhg idfwv rq

wkh x1v1 glvwulexwlrqv ri hduqlqjv/ lqfrph/ dqg zhdowk1 Txduwhuo| Uhylhz1 Ihghudo

Uhvhuyh Edqn ri Plqqhdsrolv/ 59 +6,/ 40681

Fdphurq/ M1/ ) Wulyhgl/ S1 +4<<;,1 Uhjuhvvlrq dqdo|vlv ri frxqw gdwd1 Fdpeulgjh

Xqlyhuvlw| Suhvv1

Fdvh/ D1/ Oxerwvn|/ G1/ ) Sd{vrq/ F1 +5335,1 Hfrqrplfv vwdwxv dqg khdowk lq fklog0

krrg= Wkh ruljlqv ri wkh judglhqw1 Dphulfdq Hfrqrplf Uhylhz/ <5 +8,1

Fdvh/ D1/ ) Sd{vrq/ F1 +5333,1 Prwkhuv dqg rwkhuv= Zkr lqyhvwv lq fkloguhq*v khdowkB

+Whfk1 Uhs1,1 Uhvhdufk Surjudp lq Ghyhorsphqw Vwxglhv1 Sulqfhwrq Xqlyhuvlw|1

Fkulvwdnlv/ G1/ Phoo/ O1/ Nrhsvhoo/ W1/ ]lpphupdq/ I1/ ) Frqqhoo/ I1 +5334,1 Dvvrfl0

dwlrq ri orzhu frqwlqxlw| ri fduh zlwk juhdwhu ulvn ri hphujhqf| ghsduwphqw xvh

dqg krvslwdol}dwlrq lq fkloguhq1 Shgldwulfv/ 436 +6,/ 857085<1
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Frxfk/ N1 D1/ Gdo|/ P1 F1/ ) Zroi/ G1 D1 +4<<<,1 WlphB prqh|B erwkB wkh doorfdwlrq

ri uhvrxufhv wr roghu sduhqwv1 Ghprjudsk|/ 69/ 5/ 54<05651

Fr{/ G1 +4<;:,1 Prwlyhv iru sulydwh lqfrph wudqvihuv1 Mrxuqdo ri Srolwlfdo Hfrqrp|/

<8 +64,/ 83;08791

Fr{/ G1/ ) Udqn/ P1 U1 +4<<5,1 Lqwhu0ylyrv wudqvihuv dqg lqwhujhqhudwlrqdo h{fkdqjh1

Uhylhz ri Hfrqrplf Vwxglhv/ :7 +5,/ 63806471

Fr{/ G1/ ) Vwdun/ R1 +4<<7,1 Lqwhujhqhudwlrqdo wudqvihuv dqg wkh ghprqvwudwlrq h�hfw1

+Ervwrq Froohjh dqg Kduydug Xqlyhuvlw|/ plphr,

Fxuulh/ M1/ ) Uhdjdq/ S1 +4<<;,1 Glvwdqfh wr krvslwdov dqg fkloguhq*v dffhvv wr fduh=

Lv ehlqj forvhu ehwwhu/ dqg iru zkrpB +Whfk1 Uhs1 Qr1 9;69,1 QEHU Zrunlqj

Sdshuv1

Ghe/ S1/ ) Wulyhgl/ S1 +4<<:,1 Ghpdqg iru phglfdo fduh e| wkh hoghuo|= D �qlwh

pl{wxuh dssurdfk1 Mrxuqdo ri Dssolhg Hfrqrphwulfv/ 45 +6,/ 64606691

Hoohq/ M1/ Rww/ P1/ ) Vfkzdu}/ G1 +4<<8,1 Wkh uhodwlrqvkls ehwzhhq judqgprwk0

huv* lqyroyhphqw lq fklog fduh dqg hphujhqf| ghsduwphqw xwlol}dwlrq1 Shgldwulfv

Hphujhqf| Fduh/ 44 +7,/ 55605581

Irvvhw/ M1/ ) Wkrpsvrq/ I1 +4<<<,1 Edfn0r�/ qrw edfnodvk lq phglfdlg pdqdjhg fduh1

Mrxuqdo ri Khdowk Srolwlfv/ Srolf| dqg Odz/ 57 +8,/ 448<044:51
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Jurvvpdq/ O1/ Ulfk/ O1/ ) Mrkqvrq/ F1 +4<<;,1 Ghfuhdvlqj qrqxujhqw hphujhqf|

ghsduwphqw xwlol}dwlrq e| phglfdlg fkloguhq1 Shgldwulfv/ 435 +4,/ 530571

Kdoirq/ Q1/ Qhzdfkhfn/ S1/ Zrrg/ S1/ ) Shwhu1/ U1 +4<<;,1 Urxwlqh hphujhqf| gh0

sduwphqw xvh iru vlfn fduh e| fkloguhq lq wkh xqlwhg vwdwhv1 Shgldwulfv/ <; +4,/

5;0671

Kxug/ P1 +4<;<,1 Pruwdolw| ulvn dqg ehtxhvw1 Hfrqrphwulfd/ 8: +7,/ ::<0;471

Nrwolnr�/ O1/ ) Vslydn/ D1 +4<;4,1 Wkh idplo| dv lqfrpsohwh dqqxlwlhv pdunhw1 Mrxuqdo

ri Srolwlfdo Hfrqrp|/ ;< +5,/ 6:506<41

Ohylqh/ G1 L1 +4<<<,1 Fkrrvlqj wkh uljkw sduhqwv= Fkdqjhv lq wkh lqwhujhqhudwlrqdo

wudqvplvvlrq ri lqhtxdolw| ehwzhhq wkh 4<:3v dqg wkh hduo| 4<<3v +Whfk1 Uhs1 Qr1

3:50<<,1 Lqvwlwxwwh ri Lqgxvwuldo Uhodwlrqv +Xqlyhuvlw| ri Fdoliruqld/ Ehunhoh|,1

PfJduu|/ N1/ ) Vfkrhql/ U1 I1 +4<<8,1 Wudqvihu ehkdylru lq wkh khdowk dqg uhwluhphqw

vwxg|= Phdvxuhphqw dqg wkh uhglvwulexwlrq ri uhvrxufhv zlwklq wkh idplo|1 Wkh

Mrxuqdo ri Kxpdq Uhvrxufhv/ 63/ 4;705591

Phqfkln/ S1 +4<;3,1 Sulprjhqlwxuh/ htxdo vkdulqj dqg wkh x1v1 glvwulexwlrq ri zhdowk1

Txduwhuo| Mrxuqdo ri Hfrqrplfv/ <7/ 54<05671

Pxooljdq/ F1 E1 +4<<:,1 Sduhqwdo sulrulwlhv dqg hfrqrplf lqhtxdolw|1 Fklfdjr= Wkh

Xqlyhuvlw| ri Fklfdjr Suhvv1
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Slfnhww/ Z1/ Jduqhu/ P1/ ) Nlqj/ P1 +5335,1 Judglhqwv lq ulvn iru |rxwk lqmxu|

dvvrfldwhg zlwk pxowlsoh0ulvn ehkdylrxuv= D vwxg| ri 44/65< fdqdgldq dgrohvfhqwv1

Vrfldo Vflhqfh dqg Phglflqh1

Uhqgdoo/ P1/ ) Edkfklhyd/ U1 +4<<;,1 Dq rog0djh prwlyh iru ihuwlolw| lq wkh xqlwhg

vwdwhvB Srsxodwlrq dqg Ghyhorsphqw Uhylhz/ 57/ 5/ 5<6063:1

Vkdupd/ Y1/ Vlprq/ V1/ Ednhzhoo/ M1/ Hoohuehfn/ H1/ Ir{/ P1/ ) Zdoodfh/ G1 +5333,1

Idfwruv lq xhqflqj lqidqw ylvlwv wr hphujhqf| ghsduwphqwv1 Shguldwlfv/ 439 +8,/

43640436<1

Wrphv/ Q1 +4<;4,1 Wkh idplo|/ lqkhulwdqfh/ dqg wkh lqwhujhqhudwlrqdo wudqvplvvlrq ri

lqhtxdolw|1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;</ <5;0<8;1

Zhlw}pdq/ P1/ E|ug/ U1/ ) Dxlqjhu/ S1 +4<<<,1 Eodfn dqg zklwh plggoh fodvv fkloguhq

zkr kdyh sulydwh khdowk lqvxudqfh lq wkh xqlwhg vwdwhv1 Shgldwulfv/ 437 +4,/ 4840

48:1
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Dsshqgl{ D1 Surri ri Sursrvlwlrq 4

Surri1 Wkh ydoxh ri v wkdw uhqghuv sduhqwv lqgl�huhqw ehwzhhq wdnlqj wkh fklog wr

wkh hphujhqf| urrp dqg vwd|lqj dw krph lv wkh vroxwlrq wr htxdolw| +7,/ wkdw zh zulwh

khuh djdlq=

�Ex� E|� � e � � n �x � E| � n e � �� n E� � ��Ex� E|� � n �x � E|   �� � f +4:,

' E� � sEv��E�Ex� E|� � e � � n �x � E| � n e � �� n E� � ��Ex� E|� � n �x � E|   ��� n x� E|� �sEv�

Ohw v � E|� � eh wkh vroxwlrq wr wkh deryh htxdwlrq1 Zh zdqw wr vkrz wkdw v � E|� � lv

ghfuhdvlqj lq |� 1 Vlpsoli|lqj whupv +7, fdq eh zulwwhq dv

�Ex� E|� � e � � n �x � E| � n e � � � x� E|� �� n E� � ���x � E|   � '
f

sEv�
+d,

Vlqfh wkh ixqfwlrq sEv� lv lqfuhdvlqj lq v dqg x � E|   � lv lqfuhdvlqj lq |� / lw lv hqrxjk wr

vkrz wkdw x� E|� � e � � n�x � E| � ne � �� x� E|� � lv lqfuhdvlqj lq |� 1 Dqg wklv lv htxlydohqw

wr vkrz wkdw

x� E|� � e � � n �x � E� � yE|� � n e � � � x� E|� � +e,

lv lqfuhdvlqj lq |� 1 Qrwlfh wkdw e � lv wkh vroxwlrq wr +5, dqg wkhuhiruh lw ghshqgv rq |� 1
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Wkxv/ +, lv lqfuhdvlqj zkhqhyhu wkh iroorzlqj lqhtxdolw| krogv

x¢£ E|£ � e ¤ �E� � e¢ ¤ � n �x ¢ ¥ E� ¦ yE|£ � n e ¤ �E� ¦ y ¢ E|£ � n e¢ ¤ � � x¢£ E|£ � � f +f,

zkhuh e ¢ ¤ dqg y ¢ E|£ � vwdqg iru wkh ghulydwlyh ri e ¤ dqg wkh ghulydwlyh ri yE|£ � zlwk

uhvshfw wr |£ = Dqg lqhtxdolw| f lv htxlydohqw wr

�x¢ ¥ E� ¦ yE|£ � n e ¤ �E� ¦ y ¢ E|£ � n e ¢ ¤ � � x¢£ E|£ � � x¢£ E|£ � e ¤ �E� � e¢ ¤ � +g,

dqg iurp htxdolw| +5, zh kdyh � ' §
¨© ª « © ¬  ®

§
¨ ¯ ª « ° ±  ® = Lw iroorzv wkdw lqhtxdolw| +g, lv htxlydohqw

wr

x ¢£ E|£ � e ¤ �E� ¦ y ¢ E|£ � n e ¢ ¤ � � x¢£ E|£ � � x¢£ E|£ � e ¤ �E� � e¢ ¤ � +h,

Dqg lqhtxdolw| +h, fdq eh zulwwhq dv

x¢£ E|£ � e ¤ �E� n � ¦ y ¢ E|£ �� � x ¢£ E|£ � +i,

E| frqfdylw| ri x£ / dqg vlqfh e ¤ � f dqg y ¢ E|£ � � f / lw lv hdv| wr vhh wkdw lqhtxdolw| +i,

krogv1 Lw iroorzv wkdw lqhtxdolw| +d, dovr krogv dqg wklv suryhv wkdw v ¤ E|£ � lv ghfuhdvlqj1
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Wdeoh 51
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Wdeoh 61
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