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On the Welfare Gains of Reducing the Likelihood of Economic Crises
by Satyajit Chatterjee and Dean Corbae

Our aim in this paper is to obtain a measure of the potential benefit of
reducing the likelihood of economic crises.  We define an economic
crisis as a Depression-style collapse of economic activity.  Based on
the observed frequency of Depression-like events, we estimate this
likelihood to be approximately once every 83 years for the U.S. Even
for this small probability of transiting into a Depression-like state,
the welfare gain from setting it to zero can range between 1.05
percent and 6.59 percent of
annual consumption, in perpetuity.  These large gains arise because
even though the probability of encountering a Depression-like state is
small, it is highly persistent once it occurs.  We also find that for
some calibrations of the model, uninsured unemployment risk
contributes significantly to the size of these gains.



4 Lqwurgxfwlrq

D fhqwudo frqfhuq lq pdfurhfrqrplfv kdv ehhq zkhwkhu srolf| vkrxog dwwhpsw wr

vwdelol}h f|folfdo  xfwxdwlrqv1 Lq d wkrxjkw0suryrnlqj dujxphqw/ Oxfdv +4<;:,

vxjjhvwhg wkdw wkh zhoiduh jdlqv iurp holplqdwlqj srvwzdu yduldelolw| lq djjuh0

jdwh frqvxpswlrq zdv vrphwklqj rq wkh rughu ri rqh0whqwk ri rqh shufhqw ri

dqqxdo X1V1 frqvxpswlrq1 Lq klv ylhz/ wkhvh jdlqv zhuh wrr vpdoo wr mxvwli| dq|

qhz lqlwldwlyhv wr vwdelol}h f|folfdo  xfwxdwlrqv1

Oxfdv* fdofxodwlrq dvvxphg wkdw djjuhjdwh ulvn lv vkduhg htxdoo| dprqj doo

lqglylgxdov1 Lqvwhdg/ Lpurkrurjox +4<;<, h{dplqhg wkh zhoiduh frvw ri f|folfdo

 xfwxdwlrqv lq dq hqylurqphqw lq zklfk lqglylgxdov idfhg xqlqvxuhg xqhpsor|0

phqw ulvn1 Vkh irxqg wkdw hyhq zkhq lqglylgxdov fdqqrw ex| lqvxudqfh djdlqvw

lqfrph  xfwxdwlrqv/ wkhlu delolw| wr dffxpxodwh d �ex�hu vwrfn� ri dvvhwv +ru wr

eruurz djdlqvw ixwxuh lqfrph/ li shuplwwhg, jlyhv wkhp frqvlghudeoh vfrsh wr

vprrwk frqvxpswlrq1 Qhyhuwkhohvv/ vkh hvwlpdwhg wkdw lq wkh suhvhqfh ri hp0

slulfdoo| sodxvleoh lglrv|qfudwlf lqfrph vkrfnv wkh zhoiduh jdlq iurp holplqdwlrq

ri doo f|folfdo yrodwlolw| pd| eh dv kljk dv wkuhh0whqwkv ri rqh shufhqw ri wrwdo

frqvxpswlrq +iru d prghvw ulvn0dyhuvlrq sdudphwhu,1 Krzhyhu/ Dwnhvrq dqg

Skhodq +4<<7, dqg Nuxvhoo dqg Vplwk +4<<<, srlqwhg rxw wkdw li frxqwhuf|folfdo

srolflhv vwdelol}h djjuhjdwh xqhpsor|phqw e| vlpso| uhprylqj wkh fruuhodwlrq

ehwzhhq wkh xqhpsor|phqw ulvnv idfhg e| gl�huhqw lqglylgxdov +ohdylqj lqwdfw

lqglylgxdo hpsor|phqw survshfwv,/ wkh zhoiduh jdlq iurp vwdelol}dwlrq srolflhv

duh pxfk vpdoohu1

Iroorzlqj d gl�huhqw olqh ri wkrxjkw/ d qxpehu ri dxwkruv kdyh sxuvxhg wkh

lpsolfdwlrqv ri dowhuqdwlyh dqg ohvv uhvwulfwlyh suhihuhqfh vshfl�fdwlrqv rq wkh

pdjqlwxgh ri wkh zhoiduh jdlqv lq Oxfdv*v uhsuhvhqwdwlyh djhqw fdofxodwlrq +Re0

vwihog +4<<7,/ Gropdv +4<<;,/ dqg Doyduh} dqg Mhupdqq +4<<<,> dprqj rwkhuv,1

Wkhvh vwxglhv kdyh rewdlqhg pxfk odujhu zhoiduh frvwv ri exvlqhvv f|fohv1 Krz0

hyhu/ Rwurn +iruwkfrplqj, dujxhv wkdw zkhq suhihuhqfh sdudphwhuv duh fkrvhq wr

eh frqvlvwhqw zlwk exvlqhvv0f|foh ehkdylru/ wkh zhoiduh frvwv ri exvlqhvv f|fohv

duh ri wkh vdph rughu ri pdjqlwxgh dv wkrvh rewdlqhg e| Oxfdv1
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Wkh uhshdwhg �qglqjv ri vpdoo jdlqv ri holplqdwlqj f|folfdo  xfwxdwlrqv pr0

wlydwhv xv wr h{soruh d gl�huhqw uhdvrq zk| vwdelol}dwlrq srolflhv pljkw kdyh d

pruh vljql�fdqw txdqwlwdwlyh h�hfw rq zhoiduh14 Wkh dyhqxh zh vwxg| lv ehvw

prwlydwhg e| Iljxuh 4/ zklfk sorwv wkh dqqxdo xqhpsor|phqw udwh iru wkh shulrg

4<33 wr 4<<;1
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Iljxuh 4= Xqhpsor|phqw Udwh 4<3304<<;

Dv lv hylghqw/ d vwulnlqj dvshfw ri wklv wlph vhulhv lv wkh h{wudruglqdu| ulvh lq

4Rwkhu uhvhdufkhuv kdyh ehjxq wr h{soruh dowhuqdwlyh phfkdqlvpv wkurxjk zklfk f|folfdo

yrodwlolw| pd| kdyh d pruh vxevwdqwldo h�hfw rq zhoiduh1 Ehdxgu| dqg Sdjhv +4<<<, h{dplqh

wkh zhoiduh frvwv ri exvlqhvv f|fohv lq dq hqylurqphqw zkhuh iulfwlrqv lq frqwudfw hqirufhphqw

fdxvh zrunhuv wr idfh f|folfdo zdjh ulvn1 Sruwlhu dqg Sxfk +4<<<, h{dplqh wkh zhoiduh hi0

ihfwv ri d uhgxfwlrq lq yrodwlolw| ri ixqgdphqwdov doorzlqj iru lqgxfhg fkdqjhv lq wkh ghvluhg

vwhdg|0vwdwh fdslwdo vwrfn1 Frkhq +5333, h{dplqhv wkh fdvh zkhuh vwdelol}dwlrq srolflhv suh0

yhqw vkruwidoov lq hfrqrplf dfwlylw| dqg vr d�hfw erwk wkh phdq dqg yrodwlolw| ri hfrqrplf

dfwlylw|1 Eduohy| +4<<<,/ Mrqhv/ Pdqxhool dqg Vwdffkhwwl +4<<<,/ dqg Pdwkhurq dqg Pdxu|

+5333, uhfrqvlghu wkh frvwv ri f|folfdo yrodwlolw| zkhq vxfk yrodwlolw| fdq d�hfw wkh jurzwk udwh

ri wkh hfrqrp|1
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xqhpsor|phqw ehwzhhq wkh |hduv 4<63 dqg 4<6</ jhqhudoo| lghqwl�hg lq klvwru|

dv wkh Ghsuhvvlrq |hduv15 Rqh lvvxh/ dprqj pdq|/ vxjjhvwhg e| wkh slfwxuh lv

wkh srwhqwldo iru vwdelol}dwlrq srolflhv wr orzhu wkh olnholkrrg ri hfrqrplf fulvhv1

Lw lv fohdu wkdw wkh srvw0ZZLL vdpsoh vwxglhg e| Oxfdv/ Lpurkrurjox/ dqg rwkhuv

irfxvvhv rq wkh ehqh�wv ri vwdelol}lqj vwdqgdug exvlqhvv f|foh  xfwxdwlrqv dqg

qhjohfwv wkh ehqh�wv ri suhyhqwlqj hfrqrplf fulvhv olnh wkh Juhdw Ghsuhvvlrq1

Zlwk wklv lq plqg/ wkh dlp ri rxu sdshu lv wr dqvzhu wkh txhvwlrq= �Zkdw

iudfwlrq ri frqvxpswlrq zrxog d zrunhu eh zloolqj wr sd| wr vhw wkh fxuuhqw

suredelolw| ri d Ghsuhvvlrq0olnh hyhqw wr }hurB� Wkh dqvzhu surylghv d urxjk

jxlgh wr wkh ehqh�w ri sxuvxlqj srolflhv dlphg dw uhgxflqj wkh olnholkrrg ri

hfrqrplf fulvhv1

Wr dqvzhu wklv txhvwlrq zh vwxg| dq hqylurqphqw zlwk wkh iroorzlqj ihdwxuhv1

Wkhuh duh d odujh qxpehu ri zrunhuv zkr hqfrxqwhu vwrfkdvwlf hpsor|phqw rs0

sruwxqlwlhv1 Wkh suredelolw| ri �qglqj hpsor|phqw ghshqgv rq wkh djjuhjdwh

vwdwh ri wkh hfrqrp|1 Rqh ri wkhvh djjuhjdwh vwdwhv fruuhvsrqgv wr dq hfr0

qrplf fulvlv zkhuh wkh suredelolw| ri �qglqj hpsor|phqw lq wkh sulydwh vhfwru

lv pxfk orzhu uhodwlyh wr wkh rwkhu djjuhjdwh vwdwhv1 Zrunhuv fdqqrw ex| lq0

vxudqfh djdlqvw vkrfnv wr wkhlu hpsor|phqw vwdwxv/ exw wkh| fdq vhoi0lqvxuh e|

kroglqj vwrfnv ri dq dvvhw zkrvh uhwxuq lv orzhu wkdq wkh +frpprq, udwh ri wlph

suhihuhqfh ri lqglylgxdov16 Wklv hqylurqphqw shuplwv xv wr prgho wkh gh�qlqj

fkdudfwhulvwlf ri dq hfrqrplf fulvlv wkdw lv hylghqw lq Iljxuh 4/ qdpho|/ d yhu|

kljk xqhpsor|phqw udwh ri zrunhuv1

Rxu fdofxodwlrqv vwduw zlwk dq hvwlpdwh ri wkh fxuuhqw olnholkrrg ri ghsuhv0

5Iru wkh shulrg 4<3304<73/ wkh Ohehujrww vhulhv iru lqgxvwuldo xqhpsor|phqw zdv frq0

vwuxfwhg e| glylglqj wkh wrwdo qxpehu ri xqhpsor|hg zrunhuv uhsruwhg lq Ohehujrww*v Wdeoh

D06 e| wkh vxp ri xqhpsor|hg zrunhuv dqg qrqidup zrunhuv dovr uhsruwhg lq wkdw wdeoh1

Wklv frqvwuxfwlrq dvvxphv wkdw prvw xqhpsor|hg zrunhuv zhuh lq qrqidup rffxsdwlrqv1 Wkh

xqhpsor|phqw udwhv iru 4<74 dqg odwhu duh mxvw wkrvh uhsruwhg e| wkh EOV1 Wkh Urphu vh0

ulhv zdv frqvwuxfwhg e| dsso|lqj wkh fruuhfwlrqv vxjjhvwhg e| Urphu +4<;9, wr wkh lqgxvwuldo

xqhpsor|phqw udwh vhulhv1
6Wklv dvvxpswlrq lv frqvlvwhqw zlwk wkh jhqhudo htxloleulxp lpsolfdwlrqv ri lpshuihfw lq0

vxudqfh/ dv vkrzq/ iru lqvwdqfh/ e| Dl|djdul +4<<7,1
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vlrqv> wkh olnholkrrg wkdw zh +frxqwhuidfwxdoo|, vhw wr }hur lq rxu zhoiduh h{shul0

phqwv1 Zh rewdlq dq hvwlpdwh ri wklv olnholkrrg e| �wwlqj d wkuhh0vwdwh Pdunry

fkdlq wr wkh revhuyhg prqwko| fkurqrorj| ri h{sdqvlrqv/ frqwudfwlrqv/ dqg gh0

suhvvlrqv +lq wkh X1V1, iru wkh shulrg 4<33 wr 4<<;17 Lq �wwlqj rqh Pdunry fkdlq

wr wkh hqwluh shulrg zh ljqruh dq| gl�huhqfh lq wkh olnholkrrg ri ghsuhvvlrqv

ehwzhhq suh0 dqg srvw0Ghsuhvvlrq hudv1 Xqghu wklv dvvxpswlrq/ zh hvwlpdwh wkh

fxuuhqw olnholkrrg ri hqfrxqwhulqj d ghsuhvvlrq wr eh rqfh hyhu| 4333 prqwkv +ru

rqfh hyhu| ;6 |hduv,1 Iru d frqvhuydwlyh edvholqh fdoleudwlrq/ wkh vwhdg|0vwdwh

zhoiduh jdlq iurp vhwwlqj wklv vpdoo suredelolw| wr }hur lv 4=38 shufhqw ri dqqxdo

frqvxpswlrq/ lq shushwxlw|1 Wdnlqj lqwr dffrxqw wkh zhoiduh jdlq dorqj wkh

wudqvlwlrq sdwk/ wklv hvwlpdwh ulvhv wr 4=44 shufhqw1 Ohvv frqvhuydwlyh exw pruh

sodxvleoh fdoleudwlrqv jhqhudoo| lpso| kljkhu jdlqv/ zlwk rqh vfhqdulr |lhoglqj

d 9 shufhqw vwhdg|0vwdwh zhoiduh jdlq dqg 9=9 shufhqw zhoiduh jdlq lqfoxglqj

wudqvlwlrq h�hfwv1

Dowkrxjk rxu dssurdfk ehduv d phwkrgrorjlfdo vlplodulw| wr wkh olwhudwxuh rq

wkh zhoiduh frvw ri exvlqhvv f|fohv/ wkhuh duh wzr nh| gl�huhqfhv zlwk wkdw olwhu0

dwxuh wkdw duh zruwk hpskdvl}lqj1 Iluvw/ vhwwlqj wkh olnholkrrg ri d Ghsuhvvlrq0

olnh vwdwh wr }hur dowhuv erwk wkh phdq dqg yrodwlolw| ri lqglylgxdo hduqlqjv1

Wkh suhvhqfh ri wkhvh phdq h�hfwv vhwv rxu zhoiduh fdofxodwlrq dsduw iurp wkh

olwhudwxuh rq wkh zhoiduh frvw ri exvlqhvv f|fohv wkdw irfxvhv vroho| rq h�hfwv ri

fkdqjhv lq yrodwlolw|1 Vhfrqg/ zhoiduh jdlqv uhsruwhg lq wkdw olwhudwxuh duh lq

wkh qdwxuh ri dq xsshu erxqg ehfdxvh wkh holplqdwlrq ri doo f|folfdo yrodwlolw|

+zklfk lv zkdw*v w|slfdoo| h{dplqhg, pd| qrw eh ghvludeoh1 Vxfk txdol�fdwlrqv

duh xqqhfhvvdu| iru wkh Juhdw Ghsuhvvlrq zklfk prvw hyhu|rqh djuhhv zdv/ dw

vrph ohyho/ suhyhqwdeoh1 Wkh vdph lv suredeo| wuxh ri hfrqrplf fulvhv pruh

jhqhudoo|1 Li srolflhv fdq eh irxqg wr holplqdwh wkh srvvlelolw| ri dq hfrqrplf

fulvlv/ wkh zhoiduh jdlqv uhsruwhg lq wklv sdshu/ qhw ri wkh frvw ri lpsohphqwlqj

vxfk srolflhv/ duh srwhqwldoo| dfklhydeoh1

7Dq dowhuqdwlyh dssurdfk wr hvwlpdwlqj wkh olnholkrrg ri d Ghsuhvvlrq0olnh hyhqw lv wr olqn

lw wr wkh htxlw| suhplxp/ dv lv grqh lq Uhlw} +4<;;, dqg Gdqwklqh dqg Grqdogvrq +4<<;,1
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5 Hqylurqphqw

Rxu hqylurqphqw exlogv rq zrun e| Lpurkrurjox +4<;<,1 Wkh hfrqrp| hyroyhv

wkurxjk jrrg +j,/ edg +e,> dqg ghsuhvvlrq +g, wlphv wkdw kdyh lpsolfdwlrqv iru

hpsor|phqw survshfwv1 Wkh vwdwh ri wkh hfrqrp| � 5 ij> e> gj lv dvvxphg wr

iroorz d �uvw0rughu Pdunry surfhvv1 Wkh wudqvlwlrq pdwul{ ri � lv jlyhq e|=

� @

5
9997

�jj �ej �gj

�je �ee �ge

�jg �eg �gg

6
:::8

zkhuh/ iru h{dpsoh/ Sui�w.4 @ jm�w @ ej @ �je=

Wkh hfrqrp| frqvlvwv ri d odujh qxpehu ri lq�qlwho| olyhg djhqwv zkr gl�hu

dw dq| srlqw lq wlph lq wkhlu dvvhw kroglqjv dqg hpsor|phqw rssruwxqlwlhv1 Wkh|

pd{lpl}h

H
4[
w@3

�wX +fw,

zkhuh 3 ? � ? 4 lv wkhlu glvfrxqw idfwru dqg fw lv wkhlu frqvxpswlrq lq shulrg

w= Wkh xwlolw| ixqfwlrq lv jlyhq e|

X +fw, @
f4��w

4� �

zkhuh � A 3=

Djhqwv duh hqgrzhg zlwk rqh lqglylvleoh xqlw ri wlph hdfk shulrg1 Hdfk djhqw

uhfhlyhv dq hpsor|phqw rssruwxqlw| wkdw lv lqghshqghqw dfurvv djhqwv1 Wkh

hpsor|phqw rssruwxqlw| kdv wzr vwdwhv/ l 5 ih> xj1 Li wkh hpsor|hg vwdwh rffxuv
l @ h> dq djhqw surgxfhv | xqlwv ri wkh frqvxpswlrq jrrg1 Li wkh xqhpsor|hg

vwdwh rffxuv l @ x/ dq djhqw surgxfhv �| xqlwv ri wkh frqvxpswlrq jrrg wkurxjk

krxvhkrog surgxfwlrq/ zkhuh 3 ? � ? 4=

Wkh lqglylgxdo0vshfl�f hpsor|phqw vwdwh lv dvvxphg wr iroorz d �uvw0rughu

Pdunry surfhvv1 Wkh wudqvlwlrq pdwul{ lv jlyhq e|=
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zkhuh/ iru h{dpsoh/ Suilw.4 @ hmlw @ x> �w.4 @ jj @ �jhx lv wkh suredelolw| wkdw

dq djhqw zloo eh hpsor|hg lq jrrg wlphv dw w.4 jlyhq wkh djhqw zdv xqhpsor|hg

lq shulrg w=

Wkh ryhudoo hpsor|phqw survshfwv idfhg e| hdfk lqglylgxdo ghshqg rq erwk

wkh djjuhjdwh dqg lqglylgxdo vwdwhv> wkdw lv/ rq wkh vl{ sdluv +�> l,> � 5 ij> e> gj
dqg l 5 ih> xj= Wkhvh vl{ sdluv duh ghqrwhg e| $4> = = = > $9/ zkhuh $4 vwdqgv

iru hpsor|hg lq d jrrg vwdwh/ $5 vwdqgv iru xqhpsor|hg lq d jrrg vwdwh/ $6

vwdqgv iru hpsor|hg lq d edg vwdwh/ $7 vwdqgv iru xqhpsor|hg lq d edg vwdwh/

$8 vwdqgv iru hpsor|hg lq d Ghsuhvvlrq vwdwh/ dqg $9 vwdqgv iru xqhpsor|hg

lq d ghsuhvvlrq vwdwh1 Wkh surfhvv jryhuqlqj $ lv d �uvw0rughu Pdunry surfhvv

zlwk wudqvlwlrq pdwul{ jlyhq e| � @
�
!mn

�
/ zkhuh Sui$w.4 @ $m m $w @ $nj

@ !mn= Wkh wudqvlwlrq suredelolwlhv duh ghwhuplqhg e| � dqg ��1 Iru h{dpsoh/

li $w @ $4/ wkhq wkh suredelolw| ri $w.4 @ $5> l1h1/ !54> lv jlyhq e| �jj�
j
xh=

Zkloh hyhqw0frqwlqjhqw lqvxudqfh lv qrw shuplwwhg/ djhqwv fdq lqvxuh wkhp0

vhoyhv e| kroglqj vwrfnv ri vrph dvvhw1 Iru wkh prphqw/ wklv dvvhw lv wdnhq wr eh

d vwrudjh whfkqrorj| zlwk d }hur uhdo uhwxuq +dowhuqdwlyh dvvhw pdunhw dvvxps0

wlrqv duh h{soruhg odwhu lq wkh sdshu,1 Djhqwv hqwhu shulrg w zlwk lqglylgxdo

vdylqjv vw khog ryhu iurp wkh suhylrxv shulrg1 Dq djhqw*v exgjhw frqvwudlqw fdq

eh zulwwhq=

f+$w, . vw.4 @ |+$w, . vw>;w> $

vw � 3

Wkh pd{lpl}dwlrq sureohp idfhg e| dq lqglylgxdo lq wklv hfrqrp| fdq eh

uhsuhvhqwhg dv d glvfrxqwhg g|qdplf surjudp zkhuh wkh vwdwh yduldeohv duh

v @ vw dqg $ @ $w= Iroorzlqj vwdqgdug qrwdwlrq/ wkh Ehoopdq htxdwlrq iru wklv

surjudp lv=

Y +v> $, @ pd{
v3�3

X+f+v> $,, . �
[
$3

�+$3> $,Y +v3> $3, +4,

vxemhfw wr

f+v> $, @ |+$, . v� v3 � 3>;$= +5,
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Vlqfh djhqwv idfh lglrv|qfudwlf vkrfnv/ wkh| pd| krog gl�huhqw ohyhov ri vdy0

lqjv1 Ohw �w+v> $, eh wkh suredelolw| wkdw dq djhqw dwwdlqv wkh vwdwh +v> $,= Wkhq/

wkh suredelolw| wkdw vwdwh +v3> $3, rffxuv lv jlyhq e|=

�w.4+v
3> $3, @

[
$

[
v5�+v3>$,

�+$3> $,�w+v> $, +6,

zkhuh �+v3> $, @ iv = v3 @ v3+v> $,j= Xqghu plog uhjxodulw| frqglwlrqv +hujrglflw|
ri wkh Pdunry surfhvv dqg wkh devhqfh ri f|folfdoo| prylqj vxevhwv, wkh vhtxhqfh

ri uhfxuvlyho| gh�qhg glvwulexwlrqv frqyhujhv wr d xqltxh lqyduldqw glvwulexwlrq

�+v> $, iurp dq| lqlwldo glvwulexwlrq1 Wkh glvwulexwlrq �+v> $, jlyhv wkh iudfwlrq

ri wlph dq lqglylgxdo lv lq vwdwh +v> $,=

6 Hvwlpdwhv ri wkh Djjuhjdwh Vwdwh Wudqvlwlrq

Pdwul{

Lq rughu wr hvwlpdwh wkh djjuhjdwh vwdwh wudqvlwlrq pdwul{ zh surfhhg e| frq0

vwuxfwlqj d klvwru| ri wkhvh djjuhjdwh vwdwhv1 Zh ehjlq zlwk wkh prqwko| QEHU

exvlqhvv f|foh fkurqrorj|/ zklfk gdwh iurp Ghfhpehu 4;871 Zh dvvrfldwh QEHU

h{sdqvlrqv zlwk wkh jrrg vwdwh dqg QEHU frqwudfwlrqv zlwk wkh edg vwdwh1 Wklv

wzr0vwdwh klvwru| lv wkhq dxjphqwhg zlwk d gh�qlwlrq ri zkdw lw phdqv wr eh lq

d ghsuhvvlrq1 Li wkdw gh�qlwlrq lv revhuyhg wr eh vdwlv�hg e| vrph prqwk/ wkhq

wkdw prqwk*v QEHU fodvvl�fdwlrq lv fkdqjhg wr wkh ghsuhvvlrq vwdwh1

Dv qrwhg lq wkh lqwurgxfwlrq/ zh wdnh wkh gh�qlqj fkdudfwhulvwlf ri d ghsuhv0

vlrq wr eh yhu| kljk lqflghqfh ri xqhpsor|phqw dprqj lqgxvwuldo zrunhuv1 Exw

xqhpsor|phqw udwh gdwd lv dydlodeoh rqo| iru wkh shulrg ehjlqqlqj 4<33/ dqg

iru wkh suh0ZZLL sruwlrq ri wkdw shulrg lw lv dydlodeoh dw dq dqqxdo iuhtxhqf|

rqo|1 Ehfdxvh ri wklv gdwd olplwdwlrq/ zh frq�qh rxu wkuhh0vwdwh klvwru| wr wkh

shulrg 4<33 wr 4<<;18

8Wkhuh lv vrph iudjphqwdu| lqirupdwlrq rq xqhpsor|phqw udwhv iru wkh odvw ghfdgh ri wkh

qlqhwhhqwk fhqwxu|1 Rqh ri wkh vhqvlwlylw| dqdo|vhv shuiruphg odwhu lq wkh sdshu wdnhv wklv

lqirupdwlrq lqwr dffrxqw1
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Iru rxu edvholqh fdofxodwlrq/ zh fodvvl�hg doo prqwkv ri dq| |hdu lq zklfk wkh

xqhpsor|phqw udwh h{fhhghg 4: shufhqw dv ghsuhvvlrq prqwkv1 Wklv gh�qlwlrq

vlpso| slfnv rxw wkh 453 prqwkv fruuhvsrqglqj wr wkh 4<6304<6< shulrg jhq0

hudoo| nqrzq dv wkh �Ghsuhvvlrq |hduv1�9 Dffruglqjo|/ zh fkdqjhg wkh QEHU

fodvvl�fdwlrq ri wkhvh prqwkv wr wkh ghsuhvvlrq vwdwh1 Dq dowhuqdwlyh gh�ql0

wlrq frqvlghuhg odwhu lq wkh sdshu fodvvl�hv doo prqwkv ri dq| |hdu lq zklfk wkh

xqhpsor|phqw udwh h{fhhghg 53 shufhqw dv ghsuhvvlrq prqwkv1:

Jlyhq wklv wkuhh0vwdwh klvwru|/ wkh pd{lpxp olnholkrrg hvwlpdwh ri �nm > wkh

+m> n,wk hohphqw ri wkh djjuhjdwh vwdwh wudqvlwlrq pdwul{/ lv wkh udwlr ri wkh

qxpehu ri wlphv wkh hfrqrp| vzlwfkhg iurp vwdwh m wr vwdwh n wr wkh qxpehu

ri wlphv wkh hfrqrp| zdv revhuyhg wr eh lq vwdwh m +Urvv +4<:5, ss1 5730575,1;

Lpsohphqwlqj wklv surfhgxuh iru wkh zkroh vdpsoh |lhogv wkh iroorzlqj hvwlpdwh

9Froh dqg Rkdqldq +4<<<, dovr lghqwli| wkh whq |hduv ehwzhhq 4<63 dqg 4<6< dv wkh shulrg

gxulqj zklfk rxwsxw uhpdlqhg ehorz wuhqg1
:D pruh vrsklvwlfdwhg dowhuqdwlyh zrxog eh wr �w d 60vwdwh uhjlph wr wkh xqhpsor|phqw udwh

gdwd xvlqj wkh surfhgxuh ghvfulehg lq Kdplowrq +4<;<,1 Zh iroorzhg rxu vlpsoh surfhgxuh

ehfdxvh iru wkh suh0ZZLL shulrg wkh QEHU fkurqrorj| lv olnho| wr d ehwwhu sur{| iru wkh

iuhtxhqf| ri jrrg dqg edg wlphv wkdq dq| wkdw fdq eh lqihuuhg iurp wkh qrlv| xqhpsor|phqw

vhulhv +vhh Urphu +4<;9, iru d glvfxvvlrq ri wkh slwidoov ri wkh suh0ZZLL xqhpsor|phqw vhulhv

iru f|folfdo dqdo|vlv,1
;Wkh hvwlpdwhg wudqvlwlrq suredelolwlhv duh jlyhq e|

	

b&�'

SA3�

|'�
�t#|n� ' &��t#| ' ��SA3�

|'�
�t#| ' ��

Jlyhq wkh Pdunry vwuxfwxuh ri rxu sureohp/ wkh dv|pswrwlf vwdqgdug huuruv ri wkhvh hvwlpdwhv

duh jlyhq e|= yxxxw 	

b&�

�
�3

	

b&�

�
SA

|'�
�t#| ' ��

�

;



ri �> zlwk vwdqgdug huuruv lq sduhqwkhvhv ehorz=

e� @

5
9999999999997

3=<:99

+3=3386,

3=3567

+3=3386,

3

+3,

3=3:78

+3=3497,

3=<549

+3=349;,

3=336<

+3=336<,

3=33;6

+3=33;6,

3

+3,

3=<<4:

+3=33;6,
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Wkh hvwlpdwhg pdwul{ kdv vhyhudo qrwhzruwk| ihdwxuhv1 Iluvw/ ehfdxvh wkhuh

lv rqo| rqh ghsuhvvlrq hslvrgh lq rxu vdpsoh/ wkhuh lv rqo| rqh wudqvlwlrq lqwr

dqg rqh wudqvlwlrq rxw ri wkh ghsuhvvlrq vwdwh1 Lq wkh wkuhh0vwdwh klvwru| zh

frqvwuxfw/ wkh ghsuhvvlrq iroorzv frqwudfwlrqdu| prqwkv dqg lv iroorzhg e| h{0

sdqvlrqdu| prqwkv1 Khqfh �gj @ �eg @ 3= Vhfrqg/ wkh hvwlpdwhg pdwul{ lpsolhv

wkdw frqglwlrqdo rq qrw ehlqj lq d ghsuhvvlrq/ wkh suredelolw| ri idoolqj lqwr rqh

lv 3=3343= Wklug/ wkh xqfrqglwlrqdo suredelolw| ri d ghsuhvvlrq lv 3=3<:8> zklfk

lv dq rughu ri pdjqlwxgh odujhu wkdq wkh frqglwlrqdo suredelolw|1 Wkh odujh glv0

fuhsdqf| ehwzhhq wkhvh wzr suredelolwlhv uh hfwv wkh idfw wkdw wkh ghsuhvvlrq

vwdwh lv yhu| shuvlvwhqw1 Wklv glvfuhsdqf| lv rqh uhdvrq zk| wkh zhoiduh orvv

iurp wkh srvvlelolw| ri d Ghsuhvvlrq0olnh hyhqw lv uhodwlyho| odujh/ hyhq wkrxjk

wkh suredelolw| ri hqfrxqwhulqj d Ghsuhvvlrq0olnh hyhqw/ frqglwlrqdo rq qrw ehlqj

lq rqh/ lv txlwh vpdoo1<

D zrug derxw wkh suhflvlrq ri wkhvh hvwlpdwhv1 Wkh idfw wkdw wkhuh lv rqo|

rqh ghsuhvvlrq hslvrgh lq rxu vdpsoh pljkw eh wkrxjkw wr lpso| wkdw qrqh ri wkh

sdudphwhuv uhodwlqj wr wkh wklug vwdwh +wkh wklug froxpq dqg urz ri wkh �pdwul{,

fdq eh uholdeo| hvwlpdwhg1 Wkdw*v qrw qhfhvvdulo| wuxh1 Dffruglqj wr rxu klvwru|/

wkh hfrqrp| vshqw derxw 4/3:3 prqwkv lq qrqghsuhvvlrq vwdwhv1 Wkxv/ wkhuh

zhuh pdq| lqvwdqfhv lq zklfk wkh hfrqrp| frxog kdyh jrqh lqwr d ghsuhvvlrq

exw glgq*w1 Wkh idfw wkdw wkh ghsuhvvlrq vwdwh zdv hqfrxqwhuhg rqo| rqfh rxw ri

pruh wkdq 4333 wuldov vxjjhvwv zh fdq eh txlwh frq�ghqw wkdw wkh suredelolw| ri

<Wkh xqfrqglwlrqdo suredelolw| ri d jrrg vwdwh lv f�SbD�c dqg wkh xqfrqglwlrqdo suredelolw|

ri d edg vwdwh lv f�2f.e�
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wudqvlwlqj lqwr d ghsuhvvlrq vwdwh lv yhu| orz1 Vlploduo|/ wkh hfrqrp| vshqw 453

prqwkv lq wkh ghsuhvvlrq vwdwh ehiruh wudqvlwlqj rxw ri lw1 Wkh idfw wkdw lw wrrn

pruh wkdq 433 wuldov iru wkh hfrqrp| wr ohdyh wkh ghsuhvvlrq vwdwh lpsolhv zh

fdq eh uhdvrqdeo| frq�ghqw wkdw wkh suredelolw| ri frqwlqxlqj lq wkh ghsuhvvlrq

vwdwh lv txlwh kljk1 Dv zh vkdoo vhh/ wkhvh wzr ihdwxuhv ri d ghsuhvvlrq vwdwh/

qdpho|/ wkh orz suredelolw| ri hqfrxqwhulqj rqh dqg lwv shuvlvwhqfh rqfh lw lv

hqfrxqwhuhg/ duh wkh hfrqrplfdoo| vljql�fdqw ihdwxuhv1 Wkhvh ihdwxuhv duh zhoo0

vxssruwhg e| klvwru|143

7 Fdoleudwlrq ri Rwkhu Sdudphwhuv

Wkh fdoleudwlrq ri wkh uhpdlqlqj sdudphwhuv lqyroyhv vhohfwlqj sdudphwhu ydoxhv

iru wkh hohphqwv ri wkh lqglylgxdo0ohyho wudqvlwlrq pdwulfhv ��> wkh suhihuhqfh

sdudphwhuv � dqg �> dqg wkh hduqlqjv0orvv sdudphwhu �=

Wkh Lqglylgxdo Vwdwh Wudqvlwlrq Pdwul{

Wkh lqglylgxdo0ohyho vwdwh wudqvlwlrq pdwul{ iru hdfk djjuhjdwh vwdwh lv exlow

xs iurp wzr slhfhv ri lqirupdwlrq shuwdlqlqj wr wkdw vwdwh/ qdpho| wkh dyhudjh

xqhpsor|phqw udwh lq wkdw vwdwh dqg wkh dyhudjh gxudwlrq ri xqhpsor|phqw

vshoov lq wkdw vwdwh1

Wkh dyhudjh xqhpsor|phqw udwh lq wkh jrrg/ edg/ dqg ghsuhvvlrq vwdwhv zhuh

�{hg dw wkh dyhudjh xqhpsor|phqw udwh iru wkhvh vwdwhv lq wkh zkroh vdpsoh1

Wkhvh zhuh 8=66 shufhqw/ :=;9 shufhqw/ dqg 56=7; shufhqw/ uhvshfwlyho|1 Vlqfh

wkh xqhpsor|phqw udwh gdwd lv dydlodeoh dw rqo| dqqxdo iuhtxhqflhv iru wkh suh0

ZZLL hud/ wkh dyhudjh xqhpsor|phqw udwh iru hdfk vwdwh zdv fdofxodwhg iru

43Zh qrwh/ krzhyhu/ wkdw wkh vwdqgdug huuruv uhsruwhg lq sduhqwkhvhv duh dv|pswrwlf vwdq0

gdug huuruv dqg qhhgq*w eh jrrg hvwlpdwhv ri wkh vdpsolqj yduldqfh lq �vpdoo� vdpsohv1 Wr

lqyhvwljdwh wkh vpdoo vdpsoh surshuwlhv ri rxu pd{lpxp olnholkrrg hvwlpdwh ri \/ zh udq

Prqwh Fduor vlpxodwlrqv zkhuh wkh gdwd jhqhudwlrq surfhvv lv jlyhq e| e\1 Dv h{shfwhg/ wkh

vwdqgdug huuruv iurp wkh Prqwh Fduor vlpxodwlrqv zhuh odujhu wkdq wkh dv|pswrwlf vwdqgdug

huuruv1 Ixuwkhupruh/ zh irxqg dq xszdug eldv lq wkh hvwlpdwhv ri b_K dqg b}_1 Vlqfh fruuhfw0

lqj e\ iru wkhvh eldvhv rqo| ohg wr kljkhu zhoiduh jdlqv ri holplqdwlqj wkh ghsuhvvlrq0olnh vwdwh/

zh uhwdlqhg wkh pruh frqvhuydwlyh hvwlpdwhv ri e\ uhsruwhg lq wkh sdshu1

43



dqqxdo gdwd1 Doo qrq0Ghsuhvvlrq |hduv lq zklfk wkhuh zhuh dw ohdvw qlqh h{0

sdqvlrqdu| prqwkv zhuh fodvvl�hg dv �jrrg� |hduv dqg doo rwkhu qrq0Ghsuhvvlrq

|hduv dv �edg� |hduv144

Wkh gxudwlrq ri xqhpsor|phqw vshoov lq jrrg dqg edg wlphv duh edvhg rq wkh

prqwko| dyhudjh gxudwlrq ri xqhpsor|phqw udwh uhsruwhg e| wkh EOV1 Wkhvh

zhuh ghwhuplqhg wr eh 5=:8 prqwkv gxulqj h{sdqvlrqv dqg 6=:8 prqwkv gxulqj

frqwudfwlrqv1 Wkh rqo| dydlodeoh gdwd rq wkh gxudwlrq ri xqhpsor|phqw vshoov

iru wkh Ghsuhvvlrq duh iru 4<63 dqg 4<641 E| hduo| 4<63/ 89 shufhqw ri pdoh

xqhpsor|hg zrunhuv kdg ehhq zlwkrxw zrun iru dw ohdvw qlqh zhhnv1 Wkh vsh0

fldo fhqvxv ri xqhpsor|phqw xqghuwdnhq lq Mdqxdu| 4<64 uhsruwhg wkdw ri wkh

pdoh zrunhuv xqhpsor|hg lq Ervwrq/ Qhz \run/ Sklodghoskld/ Fklfdjr/ dqg Orv

Dqjhohv/ 78=6 shufhqw/ 93=< shufhqw/ 78=5 shufhqw/ 94=3 shufhqw/ dqg 66=5 shu0

fhqw/ uhvshfwlyho|/ kdg ehhq mreohvv iru dw ohdvw 4; zhhnv1 Lq h�hfw/ wkh phgldq

xqhpsor|phqw gxudwlrq kdg grxeohg lq ohvv wkdq d |hdu1 Wkh idfw wkdw wkh xq0

hpsor|phqw udwh uhpdlqhg hohydwhg iru wkh qh{w vhyhq |hduv vxjjhvwv wkdw wkh

phgldq gxudwlrq ri xqhpsor|phqw e| wkh hqg ri wkh Ghsuhvvlrq zdv suredeo|

d jrrg ghdo kljkhu wkdq 4; zhhnv1 Zh �{hg wkh dyhudjh gxudwlrq ri xqhp0

sor|phqw vshoov lq wkh ghsuhvvlrq vwdwh dv 43 prqwkv/ urxjko| wzlfh wkh phgldq

gxudwlrq vhhq lq 4<64145

Wkh fkrlfh ri dyhudjh gxudwlrq ri xqhpsor|phqw vshoov iru hdfk djjuhjdwh

44Ehfdxvh wkh xqhpsor|phqw udwh idoov gxulqj h{sdqvlrqv dqg ulvhv gxulqj frqwudfwlrqv/

rxu surfhgxuh iru fdoleudwlqj L} dqg LK xqghuhvwlpdwhv wkh wuxh gl�huhqfh ehwzhhq wkhvh

sdudphwhuv1 Dv d fkhfn/ zh hvwlpdwhg wkh dyhudjh xqhpsor|phqw udwh iru wkh odvw vl{ prqwkv ri

hdfk h{sdqvlrq dqg wkh dyhudjh xqhpsor|phqw udwh iru wkh odvw vl{ prqwkv ri hdfk frqwudfwlrq

lq wkh srvwzdu shulrg +dffruglqj wr Urphu +4<;9,/ wkh xqhpsor|phqw udwh surfhvv iru 4<330

4<5; shulrg lv qrw vljql�fdqwo| gl�huhqw iurp wkdw lq wkh srvwzdu hud/ rqfh doorzdqfh lv pdgh

iru olnho| phdvxuhphqw huuruv lq wkh suhzdu xqhpsor|phqw gdwd,1 Wkh hvwlpdwhv zhuh e�.f

shufhqw dqg S�.e shufhqw uhvshfwlyho|1 Vlqfh wklv phwkrg ri hvwlpdwlqj L}dqg LK ohdgv wr

xqlirupo| orzhu ydoxhv wkdq zkdw zh hvwlpdwh iru rxu edvholqh fdoleudwlrq/ zh irxqg wkdw wkh|

ohg wr kljkhu zhoiduh jdlqv +ri holplqdwlqj wkh olnholkrrg ri ghsuhvvlrqv, wkdq wkrvh uhsruwhg

odwhu lq wkh sdshu1
45Zh shuirup d vhqvlwlylw| dqdo|vlv zlwk uhvshfw wr wkh dyhudjh gxudwlrq ri xqhpsor|phqw

lq wkh Ghsuhvvlrq odwhu lq wkh sdshu1
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vwdwh �{hv ��xx iru � 5 ij> e> gj +dqg/ dovr ��hx @ 4���xx,1 Zh fkrvh wkh uhpdlqlqj

hohphqwv wr pdwfk wkh dyhudjh xqhpsor|phqw udwh lq hdfk djjuhjdwh vwdwh1 Qrwh

wkdw wkh hyroxwlrq ri wkh djjuhjdwh xqhpsor|phqw udwh lv jlyhq e|=

Xw @ Xw�4�
�+w,
xx . +4� Xw�4,�

�+w,
xh

zkhuh �+w, 5 ij> e> gj= Vlqfh ��xx hwf1 ghshqg rqo| rq wkh fxuuhqw vwdwh/ Xw

frqyhujhv wr d frqvwdqw li wkh vwdwh uhpdlqv xqfkdqjhg iru vrph ohqjwk ri wlph1

Iru hdfk djjuhjdwh vwdwh/ wkhvh olplwlqj xqhpsor|phqw udwhv vroyh=

X� @ X���xx . +4� X�,��xh=

Zh fkrvh wkh ydoxhv ri ��xh> � 5 ij> e> gj> vr wkdw Xj> Xe> dqg Xg pdwfkhg 8=6

shufhqw/ :=;9 shufhqw/ dqg 56=7; shufhqw/ uhvshfwlyho|146

Wkhvh fkrlfhv jdyh wkh iroorzlqj lqglylgxdo0ohyho wudqvlwlrq pdwulfhv iru hdfk

djjuhjdwh vwdwh=47

Wdeoh 4
Jrrg Edg Ghsuhvvlrq

�j @

5
7 3=<:<8 3=3538

3=6969 3=9697

6
8 �e @

5
7 3=<::6 3=355:

3=599: 3=:666

6
8 �g @

5
7 3=<9<6 3=363:

3=4333 3=<333
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8

Suhihuhqfh dqg Hduqlqj0Orvv Sdudphwhuv

Zh vhw � @ 3=<<79/ zklfk lv htxlydohqw wr dq dqqxdo glvfrxqw udwh ri 9

shufhqw1 Zh duulyhg dw wklv qxpehu e| dvvxplqj d udwh ri wlph suhihuhqfh htxdo

wr 7 shufhqw dw dq dqqxdo udwh dv zhoo dv dvvxplqj wkdw wkh frqvwdqw prqwko|

vxuylydo suredelolw| lv htxdo wr 4�4@+73�45, vr wkdw djhqwv kdyh d zrunlqj olih
ri 73 |hduv1

46Wkhvh fkrlfhv lpso| wkdw dyhudjh xqhpsor|phqw udwh lq wkh jrrg vwdwh lv vrphzkdw odujhu

wkdq L} / dqg wkh dyhudjh xqhpsor|phqw udwh lq wkh edg dqg ghsuhvvlrq vwdwhv duh vrphzkdw

ohvv wkdq LK dqg L_c uhvshfwlyho|1 Krzhyhu/ vlqfh doo wkuhh vwdwhv duh kljko| shuvlvwhqw/ wkhvh

glvfuhsdqflhv duh plqru1
47Wkhvh pdwulfhv/ dorqj zlwk \/ lpso| wkh xqfrqglwlrqdo suredelolwlhv ri ehlqj lq vwdwhv

/� +l1h1 RoJKE/�� ' �� c � ' �c ���c S� duh jlyhq e| �� ' f�SDSH/ �2 ' f�f�H2/ �� ' f��b22/

�e ' f�f�D2/ �D ' f�f.DS/ dqg �S ' f�f22f1
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Iru wkh edvholqh fdoleudwlrq/ zh vhw wkh ulvn dyhuvlrq sdudphwhu/ �> wr 4=8=

Wkh ydoxh ri �| lv jlyhq e| �krph surgxfwlrq1� Dffruglqj wr Juhhqzrrg/

Urjhuvrq/ dqg Zuljkw +4<<8, �dwwhpswv wr phdvxuh wkh ydoxh ri wkh rxwsxw

ri krph0surgxfwlrq frph xs zlwk qxpehuv ehwzhhq 53 dqg 83 shufhqw ri wkh

ydoxh ri phdvxuhg pdunhw JQS1� Wr eh frqvhuydwlyh/ zh vhw wkh hduqlqj orvv

sdudphwhu � wr 3=8 lq wkh edvholqh fdoleudwlrq148

8 Wkh Uhvsrqvh ri Shu0fdslwd Frqvxpswlrq lq

d Ghsuhvvlrq

Vlqfh rxu pdlq lqwhuhvw lv lq wkh Ghsuhvvlrq0olnh vwdwh/ lw lv ri lqwhuhvw wr vhh

krz zhoo wkh prgho fdswxuhv wkh ghfolqh lq shu0fdslwd frqvxpswlrq gxulqj wkh

Juhdw Ghsuhvvlrq1 Wr gr wklv/ zh vlpxodwhg rxu prgho zlwk wkh revhuyhg klv0

wru| ri djjuhjdwh vwdwhv/ vwduwlqj zlwk dq lqlwldo glvwulexwlrq ri dvvhw kroglqjv

fruuhvsrqglqj wr wkh dyhudjh ryhu jrrg vwdwhv149 Iljxuh 5d sorwv wkh frpsxwhg

shufhqwdjh ghyldwlrqv ri wkh vlpxodwhg shu0fdslwd frqvxpswlrq djdlqvw wkh shu0

fhqwdjh ghyldwlrq lq dfwxdo shu0fdslwd frqvxpswlrq14: Lq wkh vlpxodwlrq/ shu0

fdslwd frqvxpswlrq gursv e| derxw 45 shufhqw lq 4<63/ derxw 46 shufhqw lq 4<64/

dqg wkhq uhfryhuv wr d ghfolqh ri derxw 43045 shufhqw iru wkh gxudwlrq ri wkh Gh0

suhvvlrq1 Dv wkh hfrqrp| hphujhv iurp wkh Ghsuhvvlrq/ shu0fdslwd frqvxpswlrq

ulvhv vkduso| wr durxqg 8 shufhqw deryh wuhqg dqg wkhq judgxdoo| ghfolqhv wr

48Gdue| +4<:9, srlqwhg rxw wkdw zrunhuv hqjdjhg lq jryhuqphqw uholhi surjudpv gxulqj wkh

Ghsuhvvlrq zhuh frxqwhg dv xqhpsor|hg1 Gdue| dovr uhsruwv wkdw wkh dyhudjh zdjh hduqhg e|

wkhvh �xqhpsor|hg� zrunhuv gxulqj wkh |hduv 4<6304<6< zdv derxw 74 shufhqw ri wkh dyhudjh

zdjh gxulqj wkrvh |hduv/ zklfk lv orzhu wkdq rxu edvholqh fdoleudwlrq ri 83 shufhqw1
49Zh rewdlq ghflvlrq uxohv iru rswlpdo dvvhw kroglqjv e| vxffhvvlyh dssur{lpdwlrqv rq wkh

ydoxh ixqfwlrq T Erc /�1 Zh glvfuhwl}h wkh vwdwh vsdfh ri dvvhw kroglqjv wr olh ehwzhhq 3 dqg

431; lq lqfuhphqwv ri 3135: iru d wrwdo ri 734 julg srlqwv1 Wkh xsshu erxqg lv urxjko| htxdo

wr 44 prqwkv ri lqfrph li wkh hpsor|hg vwdwh frqwlqxhv iru wkdw orqj1 Lq htxloleulxp/ wklv

frqvwudlqw lv qhyhu elqglqj1
4:Wkh frqvxpswlrq vhulhv lv edvhg/ lq sduw/ rq wkh dqqxdo Nhqgulfn uhdo frqvxpswlrq vh0

ulhv iru 4;;<04<86 uhsruwhg lq Dsshqgl{ E ri Jrugrq +4<;9,/ gh dwhg e| srsxodwlrq1 Wkh

shufhqwdjh ghyldwlrqv vkrzq lq wkh �jxuh duh wdnhq iurp d txdgudwlf wuhqg1
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lwv �qrupdo� ohyho ydoxh e| durxqg 4<7814; Lq wkh gdwd/ shu0fdslwd frqvxpswlrq

grhvq*w idoo ehorz wuhqg xqwlo 4<64 dqg uhdfkhv lwv wurxjk ri durxqg 4< shufhqw

lq 4<661 Wkhq wkhuh lv d uhfryhu|/ zlwk wkh sdwk ri frqvxpswlrq hqglqj xs lq

wkh qhljkerukrrg ri wkh vlpxodwhg frqvxpswlrq sdwk e| durxqg 4<781

Wkh idfw wkdw wkh dfwxdo ghfolqh lq frqvxpswlrq lv ghhshu dqg rffxuv odwhu

wkdq lq wkh vlpxodwlrq lv qrw vxusulvlqj1 Lq wkh prgho/ djhqwv nqrz uljkw dzd|

wkdw wkh| duh lq wkh Ghsuhvvlrq zkhuhdv wkh uhdol}dwlrq wkdw vrphwklqj kdg jrqh

yhu| zurqj zdv judgxdo lq uhdolw|1 Dovr/ dfwxdo xqhpsor|phqw shdnhg dw pruh

wkdq 63 shufhqw/ zkhuhdv wkh xqhpsor|phqw udwh lq wkh prgho shdnv dw ohvv

wkdq 57 shufhqw1 Wkhvh gl�huhqfhv vxjjhvw wkdw d ehwwhu phwulf iru mxgjlqj krz

zhoo wkh Ghsuhvvlrq lv fdswxuhg lv wr frpsduh wkh fxpxodwlyh frqvxpswlrq orvv

ehwzhhq 4<63 dqg 4<781 Lq wkh prgho/ wkh fxpxodwlyh frqvxpswlrq orvv lv :;

shufhqw ri phdq djjuhjdwh frqvxpswlrq> lq wkh gdwd wkh fxpxodwlyh frqvxps0

wlrq orvv ryhu wkh vdph shulrg lv 43: shufhqw1 Zkloh wkh frqvxpswlrq orvv lq

wkh prgho pd| vhhp wrr orz lq uhodwlrq wr wkh gdwd/ wkh gdwd shuwdlq rqo| wr

frqvxpswlrq jrrgv sxufkdvhg lq wkh pdunhw1 Ehfdxvh krph surgxfwlrq frq0

wulexwhv wr frqvxpswlrq lq wkh prgho/ zh qhhg wr pdnh vrph dvvxpswlrq derxw

krz pxfk ri wkh rxwsxw ri krph surgxfwlrq lv dfwxdoo| phdvxuhg dv JQS1 Ilj0

xuh 5d dvvxphg wkdw doo ri krph surgxfwlrq lv phdvxuhg1 Iljxuh 5e lv gudzq iru

wkh srodu rssrvlwh fdvh zkhuh qrqh ri lw lv phdvxuhg1 Wkh ghfolqh lq shu0fdslwd

frqvxpswlrq lv qrz pxfk vwhhshu ehfdxvh frqvxpswlrq lq h{fhvv ri krph sur0

gxfwlrq rqo| lv lqfoxghg iru xqhpsor|hg djhqwv1 Wkh fxpxodwlyh frqvxpswlrq

orvv ehwzhhq 4<63 dqg 4<78 lv qrz 4:3 shufhqw/ juhdwhu wkdq lq wkh gdwd1 Li lw

lv dvvxphg wkdw 63 shufhqw ri krph surgxfwlrq lv xqphdvxuhg/ wkh fxpxodwlyh

orvv lq frqvxpswlrq lq wkh prgho pdwfkhv wkdw lq wkh gdwd1

Wr vxppdul}h= wkh suhglfwlrqv ri wkh edvholqh prgho iru wkh sdwk ri shu0

fdslwd frqvxpswlrq gxulqj d ghsuhvvlrq grhv qrw dsshdu wr eh jurvvo| lqfrqvlv0

whqw zlwk revhuydwlrqv1 Zh qrz wxuq wr rxu zhoiduh frpsdulvrqv1

4;Wkh ehkdylru ri wkh sdwk ri frqvxpswlrq lv h{sodlqhg lq wkh qh{w vhfwlrq1
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9 Zhoiduh Frpsdulvrqv

Rxu irfxv lv rq wkh zhoiduh jdlqv iurp holplqdwlrq ri wkh Ghsuhvvlrq0olnh vwdwh1 Lq

rwkhu zrugv/ zh zlvk wr frpsduh wkh xwlolw| jdlq iurp prylqj wr dq hqylurqphqw

iru zklfk wkh e� pdwul{ lv uhsodfhg e|

�� @

5
7 3=<:99 3=3567

3=3:78 3=<549 . 3=336<

6
8

Wkh r�0gldjrqdo hohphqwv ri wklv pdwul{ duh lghqwlfdo wr wkh fruuhvsrqglqj hoh0

phqwv ri �> dv lv �jj= Exw wkh suredelolw| ri uhpdlqlqj lq wkh edg vwdwh lv qrz

kljkhu e| 3=336<1 Wkh lqglylgxdo ohyho wudqvlwlrq pdwulfhv iru wkh jrrg dqg edg

vwdwh duh wkh vdph1 Wkh sdudphwhuv �> � dqg � uhpdlq wkh vdph dv zhoo1 Ohw

Y �+v> $, eh wkh ydoxh ixqfwlrq iru wklv qhz/ ghsuhvvlrq0surri/ hfrqrp|1

Wkh zhoiduh fdofxodwlrqv duh grqh lq wzr zd|v1 Lpdjlqh wkdw wkh wkuhh0

vwdwh hfrqrp| kdv dwwdlqhg lwv vwrfkdvwlf vwhdg| vwdwh1 Dw vrph udqgrp gdwh/

djhqwv duh jlyhq wkh fkrlfh ri olylqj lq dq hqylurqphqw zlwk ��= Dw wkdw lqvwdqw/

wkh hfrqrp| zloo eh lq rqh ri wkuhh srvvleoh vwdwhv/ dqg wkhuh zloo eh d mrlqw

glvwulexwlrq ri djhqwv dfurvv dvvhw kroglqjv dqg hpsor|phqw vwdwxv1 Zh fdq

lpdjlqh dvnlqj hdfk djhqw lq wklv glvwulexwlrq wkh pd{lpxp kh lv zloolqj wr sd|

hdfk shulrg lq wkh wzr0vwdwh ghsuhvvlrq0surri hqylurqphqw iru wkh sulylohjh ri

olylqj lq wkdw hqylurqphqw1

Lq wkh �uvw w|sh ri zhoiduh fdofxodwlrq zh dvvxph wkdw hdfk lqglylgxdo ehjlqv

wkh qhz uhjlph zlwk klv fxuuhqw dvvhw0kroglqj dqg hpsor|phqw vwdwxv1 Lq dggl0

wlrq/ zh dvvxph wkdw li wkh hfrqrp| lv lq wkh jrrg ru edg vwdwh wkhq wkh qhz

uhjlph zloo ehjlq lq wkdw vwdwh dv zhoo/ dqg li wkh hfrqrp| lv lq wkh ghsuhvvlrq

vwdwh wkhq wkh qhz uhjlph zloo ehjlq lq wkh edg vwdwh1 Wkxv/ wkh iudfwlrq ri frq0

vxpswlrq wkh djhqw lv zloolqj wr jlyh xs li kh lv fxuuhqwo| lq vwdwh +v> $,> $ � 7/

lv irxqg e| frpsxwlqj 4� �+v> $,/ zkhuh �+v> $, vroyhv=

Y +v> $, @ �+v> $,4��Y �+v> $,=

Li wkh hfrqrp| lv lq d ghsuhvvlrq/ wkhq �+v> 8, dqg �+v> 9, duh frpsxwhg dv

48



iroorzv=

Y +v> 8, @ �+v> 8,4��Y �+v> 6,

Y +v> 9, @ �+v> 9,4��Y �+v> 7,

Ghqrwlqj wkh lqyduldqw phdvxuh iru wkh +wkuhh djjuhjdwh vwdwh, ghsuhvvlrq0surqh

hqylurqphqw e| �+v> $, +wklv suredelolw| glvwulexwlrq lv wkh xqfrqglwlrqdo sure0

delolw| ri dq djhqw kdylqj dvvhwv v lq vwdwh $, wkh dyhudjh jdlq lq zhoiduh dfurvv

djhqwv lv jlyhq e| 4� �� @ 4�S
v

S
$ �+v> $,�+v> $,= Wklv fdofxodwlrq wdnhv lqwr

dffrxqw wkh idfw wkdw lq wkh ghsuhvvlrq0surri +wzr djjuhjdwh vwdwh, hqylurqphqw

djhqwv krog ohvv dvvhwv dqg vr lqfoxghv wkh frqvxpswlrq vsuhh shuplwwhg e| wklv

ghfxpxodwlrq1

Lq wkh vhfrqg w|sh ri fdofxodwlrq zh dvvxph wkdw hdfk djhqw lv r�huhg wkh dy0

hudjh olihwlph xwlolw| lq wkh ghsuhvvlrq0surri hqylurqphqw1 Lq wklv fdvh �VV+v> $,

lv jlyhq e|=

Y +v> $, @ �VV+v> $,4�� �Y �

zkhuh �Y � lv
S

v

S
$ ��+v> $,Y �+v> $, zlwk ��+v> $, ehlqj wkh lqyduldqw glvwulex0

wlrq lq wkh ghsuhvvlrq0surri hfrqrp|1 Wkhq/ 4���VV @ 4�S
v

S
$ �+v> $,�VV+v> $,=

Wkxv/ lq wklv h{shulphqw wkh zhoiduh jdlq iurp ghfxpxodwlrq ri dvvhwv dorqj wkh

wudqvlwlrq sdwk lv ljqruhg1 Zh uhihu wr wklv phdvxuh dv wkh vwhdg|0vwdwh jdlq lq

zhoiduh1 Erwk fdofxodwlrqv duh uhsruwhg lq Wdeoh 51

Wdeoh 5

( Zhoiduh Jdlqv lq wkh Edvholqh Prgho Iurp Holplqdwlqj Ghsuhvvlrq

Iurp Holplqdwlqj Ghsuhvvlrq Hvwlpdwhv ri Jdlqv Iurp Holplqdwlqj F|fohv

4� � 4� �VV Oxfdv/ � @ 4 Lpurkrurjox/ � @ 4=8

4=44 4=38 3=34 3=6

Wkh zhoiduh jdlq lqfoxglqj wudqvlwlrq lv 4144 shufhqw ri frqvxpswlrq shu

prqwk +ru shu |hdu, dqg wkh vwhdg|0vwdwh jdlq lv 4138 shufhqw1 Wr sxw wkhvh

qxpehuv lq shuvshfwlyh/ qrwh wkdw Oxfdv hvwlpdwhg wkh zhoiduh jdlq iurp holpl0

qdwlqj doo f|folfdo yrodwlolw| lq wkh srvwzdu hud wr eh 3=34 shufhqw ri frqvxpswlrq
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iru � @ 4> dqg Lpurkrurjox hvwlpdwhg lw wr eh 3=6 shufhqw iru � @ 4=8= Wkxv/

wkh zhoiduh jdlq iurp jhwwlqj ulg ri d Ghsuhvvlrq0olnh vwdwh lv pruh wkdq rqh

kxqguhg wlphv Oxfdv*v +4<;:, hvwlpdwh ri wkh jdlqv iurp holplqdwlqj f|fohv dqg

pruh wkdq wkuhh wlphv dv odujh dv Lpurkrurjox*v +4<;<, hvwlpdwh1

Zkhuh gr wkhvh jdlqv frph iurpB Wklv txhvwlrq fdq eh dqvzhuhg e| frp0

sdulqj wkh rshudwlqj fkdudfwhulvwlfv ri wkh wkuhh0vwdwh dqg wzr0vwdwh prghov1

Wdeoh 6

Vwhdg|0Vwdwh Fkdudfwhulvwlfv ri wkh 50vwdwh dqg 60vwdwh Prghov

Prghov �| �+|, v �+v, f �+f,

6� V 3=<956 3=4653 4=3;49 3=8<3: 3=<956 3=3;8<

5� V 3=<:38 3=44:; 3=<53: 3=5;89 3=<:38 3=3:6;

Wdeoh 6 lqglfdwhv wkdw wkh jdlq lq zhoiduh lq wkh �uvw h{shulphqw frphv iurp

wkuhh gl�huhqw vrxufhv1 Iluvw/ dyhudjh frqvxpswlrq lq wkh wzr0vwdwh prgho lv

kljkhu e| 3=;8 shufhqw +zklfk lpsolhv wkdw derxw ;4 shufhqw ri wkh jdlq lq zho0

iduh lv gxh wr wkh lqfuhdvh lq phdq hduqlqjv,> vhfrqg/ wkh vwdqgdug ghyldwlrq ri

lqglylgxdo frqvxpswlrq lv orzhu e| 47=4 shufhqw> dqg wklug/ wkh dyhudjh dvvhw

kroglqjv lv orzhu e| 47=< shufhqw1 Wkh zhoiduh jdlq lq wkh vwhdg|0vwdwh h{shul0

phqw lv gxh wr wkh �uvw wzr ri wkhvh wkuhh vrxufhv1

Wkh odujhvw frqwulexwlrq wr zhoiduh lq erwk h{shulphqwv frphv iurp wkh

lqfuhdvh lq phdq lqfrph/ dqg khqfh phdq frqvxpswlrq/ lq wkh ghsuhvvlrq0surri

hfrqrp|1 Hyhq wkrxjk wkh suredelolw| ri idoolqj lqwr d ghsuhvvlrq +frqglwlrqdo

rq qrw ehlqj lq rqh, lv yhu| orz/ wkh idfw wkdw wkh ghsuhvvlrq vwdwh lv yhu|

shuvlvwhqw pdnhv phdq lqfrph lq wkh ghsuhvvlrq0surqh +wkuhh0vwdwh, hfrqrp|

voljkwo| orzhu wkdq wkh phdq lqfrph lq wkh ghsuhvvlrq0surri hfrqrp|1

Lq dgglwlrq/ wkh yrodwlolw| ri lqglylgxdo frqvxpswlrq lv vljql�fdqwo| kljkhu

lq wkh hfrqrp| zlwk wkh srvvlelolw| ri d ghsuhvvlrq1 Ehfdxvh d ghsuhvvlrq lv d

orz0suredelolw| hyhqw/ lw grhv qrw lq xhqfh ghflvlrq uxohv iru qrupdo wlphv yhu|

pxfk1 Wklv fdq eh vhhq e| frpsdulqj wkh dvvhw dffxpxodwlrq2ghfxpxodwlrq

ghflvlrqv ri hpsor|hg2xqhpsor|hg djhqwv lq wkh edg vwdwh zlwk dqg zlwkrxw
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wkh srvvlelolw| ri d ghsuhvvlrq1 Dv vkrzq lq Iljxuhv 6 dqg 7/ wkhvh ghflvlrq

uxohv duh yhu| vlplodu1 Lq wklv vhqvh/ djhqwv gr qrw suhsduh yhu| pxfk iru d

ghsuhvvlrq1 Frqvhtxhqwo|/ zkhq d ghsuhvvlrq grhv pdwhuldol}h/ wkh frqvxpswlrq

sdwkv ri doo djhqwv fkdqjh gudpdwlfdoo|1 Dv vkrzq lq Iljxuh 8/ xqhpsor|hg

djhqwv ghfxpxodwh dvvhwv dw d pxfk vorzhu sdfh +dqg frqvhtxhqwo| wdnh d pxfk

eljjhu klw lq frqvxpswlrq, gxulqj d ghsuhvvlrq wkdq dw rwkhu wlphv1 Dovr/ dv

vkrzq lq Iljxuh 9/ hpsor|hg djhqwv uhfrjql}lqj wkh khljkwhqhg suredelolw| ri

xqhpsor|phqw dffxpxodwh dvvhwv dw d pxfk idvwhu udwh gxulqj d ghsuhvvlrq

uhodwlyh wr rwkhu wlphv1 Wkxv/ hpsor|hg djhqwv dovr h{shulhqfh d ghfolqh lq

frqvxpswlrq gxulqj d ghsuhvvlrq1

Wkh gl�huhqfhv lq wkh ghflvlrq uxohv ehwzhhq wkh ghsuhvvlrq dqg rwkhu wlphv

khosv h{sodlq wkh txdolwdwlyh ihdwxuhv ri wkh sdwk ri djjuhjdwh frqvxpswlrq

vkrzq lq Iljxuh 5d dqg 5e1 Wkh glvwulexwlrq ri dvvhw kroglqjv iru hpsor|hg dqg

xqhpsor|hg djhqwv dw wkh vwduw ri rxu vlpxodwhg Ghsuhvvlrq lv vkrzq lq Iljxuhv :

dqg ;1 Qrwh wkdw wkhuh lv d odujh phdvxuh ri hpsor|hg djhqwv zlwk dvvhwv ehwzhhq

31< dqg 414 dqg d idluo| glvshuvhg glvwulexwlrq ri xqhpsor|hg djhqwv dfurvv dvvhw

kroglqjv1 Dv wkh Ghsuhvvlrq klwv/ wkh rswlpdo dvvhw dffxpxodwlrq iru wkh exon ri

hpsor|hg djhqwv mxpsv iurp d olwwoh deryh }hur wr vrphzkhuh ehwzhhq 3143 dqg

3148/ dqg wkhlu ohyho ri frqvxpswlrq ghfolqhv1 Dw wkh vdph wlph/ xqhpsor|hg

djhqwv ehjlq frqvhuylqj wkhlu dvvhw kroglqjv dqg wkhlu frqvxpswlrq ohyho gursv dv

zhoo1 Wkhvh gursv lq frqvxpswlrq iru hyhu|rqh lq wkh hfrqrp| dffrxqwv iru wkh

lqlwldo gurs lq djjuhjdwh frqvxpswlrq lq Iljxuh 5d1 Dv wkh Ghsuhvvlrq surfhhgv/

wkh udwh ri dvvhw dffxpxodwlrq ri hpsor|hg djhqwv ehjlqv wr idoo dv wkh| jhw forvhu

wr wkhlu wdujhw dvvhw ohyho ri d olwwoh ryhu 71 Iljxuh < vkrzv wkh dffxpxodwlrq

ri dvvhwv gxulqj wkh Ghsuhvvlrq1 Wkxv/ frqvxpswlrq ri hpsor|hg djhqwv ehjlqv

wr uhfryhu1 Wklv uhfryhu| lv wkh uhdvrq zk| djjuhjdwh frqvxpswlrq ehjlqv wr

uhfryhu dv zhoo1 Rqh idfwru wkdw khosv lq wklv uhfryhu| lv wkdw djhqwv zkr ehfrph

xqhpsor|hg odwhu lq wkh Ghsuhvvlrq h{shulhqfh ohvv ri d ghfolqh lq frqvxpswlrq

ehfdxvh wkh| jhw wkh fkdqfh wr dffxpxodwh pruh dvvhwv lq wkh phdqwlph1 Wkxv/

hyhq wkrxjk wkh xqhpsor|phqw udwh ulvhv wkurxjk wkh Ghsuhvvlrq/ lwv qhjdwlyh
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lq xhqfh rq djjuhjdwh frqvxpswlrq ehfrphv ohvv pdunhg14<

Lw lv zruwk qrwlqj wkdw wkh ydoxh ixqfwlrqv iru erwk hpsor|hg dqg xqhpsor|hg

djhqwv duh forvh wr olqhdu durxqg wkh vwhdg|0vwdwh udqjh ri dvvhw kroglqjv +Iljxuhv

43 dqg 44,1 Wklv lv frqvlvwhqw zlwk Ehzoh|*v +4<::, uhvxow wkdw zkhq wkh glvfrxqw

idfwru lv forvh wr rqh/ wkh pdujlqdo xwlolw| ri dvvhw kroglqjv lv qhduo| frqvwdqw1

Ilqdoo|/ lw pd| eh ri lqwhuhvw wr nqrz krz pxfk djhqwv zrxog eh zloolqj wr

sd| wr holplqdwh wkh ghsuhvvlrq vwdwh frqglwlrqdo rq ehlqj lq d ghsuhvvlrq1 Zh

�qg wkdw djhqwv duh zloolqj wr sd|/ rq dyhudjh/ 7=96 shufhqw ri frqvxpswlrq wr

uhfhlyh wkh dyhudjh vwhdg|0vwdwh xwlolw| ri wkh ghsuhvvlrq0iuhh hfrqrp|1

: Urexvwqhvv dqg Vhqvlwlylw| Dqdo|vlv

Xs wr wklv srlqw/ zh kdyh nhsw wr d frqvhuydwlyh fkrlfh ri sdudphwhu ydoxhv lq

rughu wr gulyh krph wkh srlqw wkdw lw grhv qrw wdnh pxfk iru wkh srvvlelolw| ri

d orz0suredelolw| Ghsuhvvlrq0olnh hyhqw wr lpsrvh vljql�fdqw zhoiduh frvwv1 Lq

wklv vhfwlrq zh h{dplqh krz wkh hvwlpdwh ri wkh zhoiduh jdlqv iurp holplqdwlqj

d Ghsuhvvlrq0olnh vwdwh lv dowhuhg dv zh ydu| dvvhw pdunhw dvvxpswlrqv dqg sdud0

phwhu ydoxhv lq sodxvleoh gluhfwlrqv1 Vrph ri wkhvh yduldwlrqv kdyh vxusulvlqjo|

olwwoh h�hfw rq wkh hvwlpdwh ri wkh zhoiduh jdlqv zkloh rwkhuv udlvh lw vljql�fdqwo|1

Xvlqj wklv lqirupdwlrq/ zh suhvhqw dw wkh hqg ri wklv vhfwlrq wkh frpelqhg h�hfwv

ri d ohvv frqvhuydwlyh exw pruh sodxvleoh fdoleudwlrq ri wkh prgho1

:14 Dowhuqdwlyh Dvvhw Pdunhw Dvvxpswlrqv

Vr idu zh kdyh irfxvhg rq wkh oderu pdunhw frqvhtxhqfhv ri d Ghsuhvvlrq0olnh

hyhqw1 Krzhyhu/ vxfk dq hyhqw lv olnho| wr kdyh frqvhtxhqfhv iru wkh dvvhw

pdunhwv dv zhoo1 Lq wklv vhfwlrq/ zh h{dplqh wkh h�hfw ri vrph dvvhw pdunhw

4<Wkh fkdqjhv lq frqvxpswlrq lq rxu prgho rffxu hyhq wkrxjk wkh ghsuhvvlrq lv dvvxphg

qrw wr d�hfw wkh lqfrph ri hpsor|hg ru xqhpsor|hg djhqwv1 Wkxv zh ljqruh dq| ghfolqh lq

surgxfwlylw| wkdw pd| kdyh rffxuhg gxulqj wkh Ghsuhvvlrq1 Wdnlqj wkhvh h�hfwv lqwr dffrxqw

zrxog rqo| udlvh rxu zhoiduh jdlq hvwlpdwhv1
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fkdqjhv wkdw pd|/ sodxvleo|/ eh dvvrfldwhg zlwk wkh rffxuhqfh ri d Ghsuhvvlrq0

olnh hyhqw1

Wkh H�hfwv ri d Sulfh Ohyho Gurs Gxulqj d Ghsuhvvlrq

Lq wkh edvholqh prgho zh dvvxphg wkh dvvhw wr kdyh d }hur uhdo uhwxuq1 Qrz/

zh lqwhusuhw wklv dvvhw wr eh d qrqlqwhuhvw0ehdulqj qrplqdo dvvhw1 Lw lv zhoo

nqrzq wkdw qrplqdo sulfhv ihoo gudvwlfdoo| gxulqj wkh Ghsuhvvlrq1 Li djhqwv

vdyh lq d qrplqdo dvvhw/ wkh idoo lq wkh sulfh ohyho zrxog surylgh vrph uholhi wr

xqhpsor|hg zrunhuv1 Grhv wklv h�hfw fkdqjh wkh zhoiduh hvwlpdwhvB

Lqvshfwlrq ri gh0wuhqghg FSL vhulhv vkrzv wkdw sulfhv ihoo 471; shufhqw yhu|

txlfno| zlwk wkh rqvhw ri wkh Ghsuhvvlrq dqg vwd|hg dw wkh ohyho xqwlo 4<6:

dqg wkhq ihoo vrph pruh lq 4<6; dqg 4<6<1 Wr prgho wklv fkdqjh lq sulfhv/

zh dvvxphg wkdw wkh sulfh ohyho uhpdlqv frqvwdqw dw rqh gxulqj jrrg dqg edg

vwdwhv dqg wkhq ghfolqhv wr 3=;85 lq ghsuhvvlrqv1 Wkh rshudwlqj fkdudfwhulvwlfv

dqg zhoiduh jdlq +iurp holplqdwlqj ghsuhvvlrqv, ri wklv hfrqrp| duh vkrzq lq

Wdeoh 71

Wdeoh 7

Wkh H�hfw ri Fkdqjhv lq wkh Sulfh Ohyho

Jdlq= 4� �VV @ 4=39(> 4� � @ 4=43(

Prghov v �+v, f �+f, �+|,

6V 4=3; 3=87 3=<955 3=3;8; 3=4653

5V 3=<5 3=5< 3=<:38 3=3:6; 3=44:;

Dv lv hylghqw/ wkhuh lv yhu| olwwoh fkdqjh lq wkh zhoiduh hvwlpdwh1 Edvlfdoo|/

zkdwhyhu jdlq xqhpsor|hg zrunhuv uhfhlyh zlwk d idoo lq wkh sulfh ohyho dw wkh

rqvhw ri d ghsuhvvlrq lv uhyhuvhg zkhq wkh ghsuhvvlrq hqgv dqg sulfhv jr edfn

xs djdlq1 Dovr/ qrwh wkdw wkhuh duh pruh xqhpsor|hg zrunhuv dw wkh hqg ri d

ghsuhvvlrq wkdq dw wkh ehjlqqlqj1
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Wkh H�hfw ri D Srvlwlyh Dvvhw Uhwxuq lq Qrq0Ghsuhvvlrq Vwdwhv

Lw vhhpv sodxvleoh wkdw wkh udwh ri uhwxuq rq wkh dvvhw pd| fkdqjh zlwk wkh

rqvhw ri d ghsuhvvlrq1 Lq sduwlfxodu/ wkh dvvhw pd| kdyh d srvlwlyh uhwxuq gxulqj

qrupdo wlphv/ exw d }hur uhwxuq lq ghsuhvvlrqv1 Ljqrulqj sulfh ohyho fkdqjhv/

wklv pd| kdsshq li wkh dvvhw lv d jryhuqphqw erqg1 Gxulqj qrupdo wlphv/ wkh

jryhuqphqw frpshwhv zlwk sulydwh oldelolwlhv dqg vr pxvw sd| d srvlwlyh uhwxuq

rq lwv vhfxulwlhv1 Gxulqj ghsuhvvlrqv/ zkhq wkhuh lv d  ljkw wr oltxlglw|/ wkh

lqwhuhvw udwh rq wkh jryhuqphqw erqg pd| zhoo jr wr }hur1 Zlwk wklv lq plqg/

zh fdofxodwhg wkh zhoiduh jdlqv zkhq wkh uhdo uhwxuq rq wkh dvvhw lv 5 shufhqw

lq jrrg dqg edg wlphv exw }hur lq ghsuhvvlrqv1 Wdeoh 8 uhsruwv wkh uhvxowv1

Wdeoh 8

Wkh H�hfw ri d Srvlwlyh Dvvhw Uhwxuq lq Qrq0Ghsuhvvlrq Vwdwhv

Jdlq= 4� �VV @ 4=3:(> 4� � @ 4=45(

Prghov v �+v, f �+f, �+|,

6V 4=6; 3=95 3=<937 3=3:;9 3=4653

5V 4=57 3=6< 3=<9;7 3=3985 3=44:;

Djdlq/ wkhuh lv yhu| olwwoh fkdqjh lq wkh hvwlpdwh ri wkh zhoiduh jdlq1

Wkh H�hfw ri Shuihfw Xqhpsor|phqw Lqvxudqfh lq Qrq0Ghsuhvvlrq

Vwdwhv

Khuh zh dwwhpsw wr fdswxuh wkh iroorzlqj vlwxdwlrq1 Vxssrvh wkdw wkhuh duh

wzr nlqgv ri dvvhwv/ sulydwh dqg jryhuqphqw1 Lq qrupdo wlphv/ wkh uhwxuq rq

wkh sulydwh dvvhw lv forvh wr wkh udwh ri glvfrxqw/ dqg wkh uhwxuq rq wkh jry0

huqphqw dvvhw lv }hur1 Lq d ghsuhvvlrq/ uhwxuq rq wkh jryhuqphqw dvvhw lv vwloo

}hur/ exw wkh sulydwh dvvhwv ehfrph zruwkohvv1 Lq wklv nlqg ri d zruog/ lw*v uhd0

vrqdeoh wr vxssrvh wkdw zrunhuv zloo dffxpxodwh vwrfnv ri wkh sulydwh dvvhw wr

vhoi0lqvxuh wkhpvhoyhv djdlqvw wkh ulvn ri xqhpsor|phqw lq qrupdo +l1h1/ jrrg

dqg edg, wlphv exw xvh wkh jryhuqphqw dvvhw wr lqvxuh djdlqvw xqhpsor|phqw

gxulqj ghsuhvvlrqv1 Li wkh udwh ri uhwxuq rq wkh sulydwh dvvhw lv forvh wr wkh
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udwh ri glvfrxqw/ zh nqrz iurp Ehzoh| +4<::, wkdw wkh zrunhu zloo dffxpx0

odwh hqrxjk dvvhwv wr doprvw shuihfwo| lqvxuh djdlqvw xqhpsor|phqw ulvn gxulqj

qrupdo wlphv1 Wkhuhiruh/ d urxjk zd| wr fdswxuh wklv vlwxdwlrq lv wr dvvxph

wkdw erwk hpsor|hg dqg xqhpsor|hg zrunhuv uhfhlyh wkh shu0fdslwd hqgrzphqw

lq wkh jrrg dqg edg vwdwhv +vr wkhuh lv qr ulvn ri orvv ri lqfrph gxh wr xq0

hpsor|phqw lq wkhvh wlphv, exw frqiurqw xqlqvxuhg xqhpsor|phqw ulvn lq wkh

ghsuhvvlrq vwdwh1 Wdeoh 9 uhsruwv wkh uhvxowv iurp wklv h{shulphqw1

Wdeoh 9

Wkh H�hfw ri Shuihfw Xqhpsor|phqw Lqvxudqfh lq Qrq0Ghsuhvvlrq Vwdwhv

Jdlq= 4� �VV @ 4=4;(> 4� � @ 4=5:(

Prghov v �+v, f �+f, �+|,

6V 3=4< 3=99 3=<956 3=3877 3=4653

5V 3 3 3=<:38 3=3387 3=44:;

Dv rqh zrxog h{shfw/ dvvhw kroglqjv duh orzhu lq wklv hfrqrp| vlqfh zrunhuv

qr orqjhu qhhg wr krog dvvhwv wr lqvxuh djdlqvw orvv ri hpsor|phqw gxulqj qrupdo

wlphv1 Lq wkh wkuhh0vwdwh hfrqrp|/ wkh dyhudjh dvvhw kroglqj lv derxw rqh0�iwk

ri prqwko| lqfrph zkloh lq wkh wzr0vwdwh hfrqrp| lw lv }hur1 Wkh odwwhu uhvxow

uh hfwv wkh idfw wkdw lq wkh wzr0vwdwh hfrqrp| xqfhuwdlqw| lq lqglylgxdo hduqlqjv

lv yhu| vpdoo +lw uh hfwv rqo| djjuhjdwh xqfhuwdlqw|,/ dqg zlwk wkh glvfrxqw

udwh vxevwdqwldoo| deryh wkh uhdo udwh ri uhwxuq doo djhqwv �qg lw rswlpdo wr vhw

frqvxpswlrq htxdo wr shu0fdslwd hduqlqjv1

Wkh zhoiduh jdlq iurp holplqdwlqj wkh srvvlelolw| ri ghsuhvvlrqv lv qrz kljkhu1

Frpsdulqj rshudwlqj fkdudfwhulvwlfv ri wklv wkuhh0vwdwh hfrqrp| zlwk wkh wkuhh0

vwdwh edvholqh prgho +uhsruwhg lq Wdeoh 5, zh �qg wkh yrodwlolw| ri lqglylgxdo

frqvxpswlrq lv orzhu wkdq lq wkh edvholqh prgho/ zkloh phdq frqvxpswlrq lv

lghqwlfdo1 Wkxv/ wkh kljkhu zhoiduh jdlqv uhodwlyh wr wkh edvholqh prgho grq*w

vwhp iurp kljkhu yrodwlolw| ri frqvxpswlrq lq wkh wkuhh0vwdwh zruog1 Udwkhu/

lw vwhpv iurp wkh idfw wkhuh lv qrz yluwxdoo| qr xqfhuwdlqw| lq frqvxpswlrq

lq wkh wzr0vwdwh hfrqrp|1 Lq h�hfw/ djhqwv uhfhlyh wkh fhuwdlqw| htxlydohqw

ri wkh udqgrp frqvxpswlrq vwuhdp ri wkh edvholqh wzr0vwdwh hfrqrp| +phdq
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frqvxpswlrq dfurvv wkhvh wzr0vwdwh hfrqrplhv lv wkh vdph,/ dqg wkh| duh zloolqj

wr sd| pruh iru wkdw sulylohjh1 Wklv lv uh hfwhg lq wkh idfw wkdw qrz wkh lqfuhdvh

lq phdq frqvxpswlrq +ehwzhhq wkh wzr0vwdwh dqg wkuhh0vwdwh hqylurqphqwv,

dffrxqwv iru rqo| :6 shufhqw ri wkh lqfuhdvh lq zhoiduh +dv frpsduhg zlwk ;3

shufhqw lq wkh edvholqh prgho,1

:15 Dowhuqdwlyh Klvwrulhv

Ghsuhvvlrq Vwdwh Gh�qhg dv Xqhpsor|phqw Udwh lq H{fhvv ri 53 Shufhqw

Lq wklv h{shulphqw/ zh gh�qhg ghsuhvvlrq prqwkv wr eh doo prqwkv ri dq|

|hdu lq zklfk wkh xqhpsor|phqw udwh h{fhhghg 53 shufhqw1 Zh uh0hvwlpdwhg wkh

djjuhjdwh vwdwh wudqvlwlrq pdwul{ edvhg rq wklv qhz klvwru|1 Qrz/ wkh shulrg

4<6304<6< lv eurnhq xs lqwr wzr ghsuhvvlrq hslvrghv/ rqh ehwzhhq 4<63 dqg

4<68 dqg dqrwkhu ehwzhhq 4<6: dqg 4<6;1 Wklv dowhuv wkh hvwlpdwhg djjuhjdwh

wudqvlwlrq pdwul{ wr

e� @

5
9999999999997

3=<:99

+3=3386,

3=3567

+3=3386,

3

+3,

3=3:47

+3=3487,

3=<547

+3=3494,

3=33:4

+3=3383,

3

+3,

3=353;

+3=3479,

3=<:<5

+3=3479,

6
::::::::::::8

Qrwlfh wkdw vlqfh wkh gxudwlrq ri wkh ghsuhvvlrq vwdwh kdv idoohq/ �gg kdv idoohq

uhodwlyh wr wkh edvholqh1 Rq wkh rwkhu kdqg/ wkh wzr lqvwdqfhv ri wudqvlwlrq wr wkh

ghsuhvvlrq vwdwh udlvhv wkh frqglwlrqdo suredelolw| ri hqwhulqj d ghsuhvvlrq �ge

uhodwlyh wr wkh edvholqh/ dqg wkh dyhudjh xqhpsor|phqw udwh lq wkh ghsuhvvlrq0

olnh vwdwh lv qrz voljkwo| kljkhu dv zhoo +57=<; shufhqw yhuvxv 56=7; shufhqw lq

wkh edvholqh prgho,1 Wkh uhvxowv ri wkh zhoiduh fdofxodwlrqv +uhsruwhg lq Wdeoh

:, uhyhdo wkdw wkhvh fkdqjhv urxjko| r�vhw hdfk rwkhu/ ohdglqj d voljkw ghfolqh

lq wkh zhoiduh jdlqv iurp holplqdwlrq ri wkh ghsuhvvlrq0olnh vwdwh1
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Wdeoh :

Ghsuhvvlrq Vwdwh Gh�qhg dv Xqhpsor|phqw Udwh lq H{fhvv ri 53 Shufhqw

Jdlq= 4� �VV @ 3=<<(> 4� � @ 4=37(

Prghov v �+v, f �+f, �+|,

6V 4=39 3=7< 3=<95; 3=3;83 3=4645

5V 3=<5 3=5< 3=<:38 3=3:6; 3=44:;

Lqfoxgh 4;<304;<</ zlwk 4;<7=3404;<;=45 Fodvvl�hg dv Ghsuhvvlrq

Prqwkv

Wkhuh lv vrph iudjphqwdu| lqirupdwlrq rq lqgxvwuldo xqhpsor|phqw iru wkh

odvw ghfdgh ri wkh 4<wk fhqwxu|1 Lq wklv h{shulphqw zh h{whqg rxu klvwru| ri

djjuhjdwh vwdwhv edfn wr 4;<3=34 dqg xvh wklv lqirupdwlrq wr ghwhuplqh li dq|

ri wkrvh prqwkv vkrxog eh fodvvl�hg dv ghsuhvvlrq prqwkv1 Wkh lqirupdwlrq

dydlodeoh vxjjhvwv wkdw lqgxvwuldo xqhpsor|phqw iru wkh �yh |hduv 4;<704;<; zdv

yhu| kljk153 Dffruglqjo|/ zh fodvvl�hg wkrvh 93 prqwkv dv ghsuhvvlrq prqwkv1

Wklv dowhuv wkh hvwlpdwhg djjuhjdwh wudqvlwlrq pdwul{ wr

e� @

5
9999999999997

3=<87<

+3=345:,

3=3784

+3=345:,

3

+3,

3=3895

+3=34:6,

3=<659

+3=34;;,

3=3445

+3=33:<,

3=3444

+3=33:;,

3

+3,

3=<;;<

+3=33:;,

6
::::::::::::8

Jlyhq wkh iudjphqwdu| qdwxuh ri xqhpsor|phqw udwh gdwd iru wklv shulrg/ zh

frqwlqxhg wr dvvxph wkdw wkh dyhudjh xqhpsor|phqw udwh lq wkh wzr ghsuhvvlrq

hslvrghv zdv 56=7; shufhqw1 Wkh uhvxowv ri wkh zhoiduh h{shulphqw +uhsruwhg lq

Wdeoh ;, vkrz wkdw wkh zhoiduh jdlqv iurp holplqdwlrq ri wkh ghsuhvvlrq vwdwh lv

qrz kljkhu1

53Vhh/ iru lqvwdqfh/ Ohehujrww +4<97/ Wdeoh D048,/ Urphu +4<;9/ Wdeoh <, dqg Nh|vvdu +4<::/

Fk1 5,1
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Wdeoh ;

Vdpsoh= 4;<304<<;/ zlwk 4;<7=3404;<;=45 Dovr Fodvvl�hg dv Ghsuhvvlrq Prqwkv

Jdlq= 4� �VV @ 4=84(> 4� � @ 4=8<(

Prghov v �+v, f �+f, �+|,

6V 4=73 3=96 3=<8;< 3=3<39 3=46:7

5V 3=<5 3=5< 3=<:38 3=3:6; 3=44:;

:16 Yduldwlrqv lq Rwkhu Sdudphwhuv

Wkh H�hfw ri Kljkhu Gxudwlrq ri Xqhpsor|phqw lq Ghsuhvvlrqv

Wkhuh lv xqfhuwdlqw| derxw wkh gxudwlrq ri xqhpsor|phqw vshoov gxulqj wkh

Ghsuhvvlrq1 Lq wklv h{shulphqw/ zh udlvhg wkh gxudwlrq ri xqhpsor|phqw wr 53

prqwkv/ wzlfh wkdw ri wkh edvholqh prgho1 Wdeoh < uhsruwv wkh uhvxowv1

Wdeoh <

Dyhudjh Gxudwlrq ri Xqhpsor|phqw Vshoov lq d Ghsuhvvlrq lv 53 Prqwkv1

Jdlq= 4� �VV @ 4=44(> 4� � @ 4=48(

Prghov v �+v, f �+f, �+|,

6V 4=38 3=87 3=<95: 3=3<33 3=4646

5V 3=<5 3=5< 3=<:38 3=3:6; 3=44:;

Dv rqh zrxog h{shfw/ wkh hvwlpdwhg zhoiduh jdlqv iurp holplqdwlqj d Ghsuhvvlrq0

olnh vwdwh lv qrz kljkhu wkdq lq wkh edvholqh prgho1 Exw wkh lqfuhdvh lq wkh jdlq

lv qrw vxevwdqwldo1 Rqh uhdvrq iru wklv lv wkdw zkhq wkh gxudwlrq ri xqhp0

sor|phqw vshoov lv udlvhg/ wkh fdoleudwlrq ri wkh prgho irufhv xv wr orzhu wkh

suredelolw| zlwk zklfk dq hpsor|hg zrunhu jhwv xqhpsor|hg lq d ghsuhvvlrq1

Zlwkrxw wklv r�vhwwlqj fkdqjh/ wkh dyhudjh xqhpsor|phqw udwh lq d ghsuhvvlrq

zrxog ulvh deryh 56=7; shufhqw1 Wklv idfwru whqgv wr sxoo grzq wkh hvwlpdwhg

zhoiduh jdlqv1

Wkh H�hfw ri Kljkhu Ulvn Dyhuvlrq

Lq wklv h{shulphqw/ zh udlvhg wkh ulvn dyhuvlrq sdudphwhu wr 6/ wzlfh wkdw ri

wkh edvholqh prgho1
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Wdeoh 43

Ulvn0dyhuvlrq Sdudphwhu � @ 6=3

Jdlq= 4� �VV @ 4=57(> 4� � @ 4=6:(

Prghov v �+v, f �+f, �+|,

6V 5=4: 4=33 3=<956 3=39:; 3=4653

5V 4=;9 3=86 3=<:38 3=3876 3=44:;

Qrw vxusulvlqjo|/ wkh zhoiduh jdlq iurp holplqdwlrq ri wkh ghsuhvvlrq vwdwh lv

kljkhu1

Wkh H�hfw ri Juhdwhu Hduqlqjv Orvv

Lq wklv h{shulphqw/ zh vhw wkh hduqlqjv0orvv sdudphwhu wr 315/ zklfk lv wkh

orzhu hqg ri lwv olnho| udqjh vxjjhvwhg e| Juhhqzrrg/ Urjhuvrq dqg Zuljkw

+4<<8,1

Wdeoh 44

Hduqlqjv0Orvv Sdudphwhu lv 4@8

Vwhdg|0Vwdwh Fkdudfwhulvwlfv ri wkh 50vwdwh dqg 60vwdwh Prghov

Jdlq= 4� �VV @ 5=34(> 4� � @ 5=55(

Prghov v �+v, f �+f, �+|,

6V 6=6< 4=89 3=<6<: 3=4439 3=5445

5V 5=;< 3=:; 3=<85; 3=3;<7 3=4;;8

Wkh juhdwhu yduldelolw| lq hduqlqjv uhvxowv lq pxfk kljkhu dyhudjh dvvhw krog0

lqjv> frpsduhg zlwk wkh edvholqh fdoleudwlrq/ djhqwv qrz krog pruh wkdq wkuhh

wlphv dv pxfk dvvhwv lq wkh wkuhh0vwdwh zruog1 Wkh yrodwlolw| ri frqvxpswlrq lv

kljkhu dv zhoo frpsduhg zlwk wkh edvholqh prgho1 Wkh vwhdg|0vwdwh zhoiduh jdlq

iurp holplqdwlqj ghsuhvvlrqv lv qrz 5=34 shufhqw/ zkloh wkh jdlq lqfoxvlyh ri

wudqvlwlrq h�hfwv lv 5=55 shufhqw1 Wkh frpsrqhqw ri wklv jdlq wkdw uhvxowv iurp

dq lqfuhdvh lq phdq frqvxpswlrq lv durxqg 9< shufhqw1 Wkxv/ fkdqjhv lq wkh

kljkhu prphqwv ri wkh glvwulexwlrq ri lqglylgxdo frqvxpswlrq frqwulexwh pruh

wr wkh lqfuhdvh lq zhoiduh wkdq lq wkh edvholqh prgho +wkh frqwulexwlrq ri kljkhu

prphqwv wr fkdqjh lq zhoiduh lq wkh edvholqh prgho zdv 4< shufhqw,1
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:17 D Ohvv Frqvhuydwlyh Fdoleudwlrq

Rxu edvholqh fdvh zdv frpsxwhg xqghu d frqvhuydwlyh vhw ri dvvxpswlrqv rq nh|

sdudphwhuv1 Khuh zh frqvlghu d ohvv frqvhuydwlyh vfhqdulr zkhuh zh dvvxph wkh

ulvn0dyhuvlrq sdudphwhu lv vhw dw 6/ wkh hduqlqjv0orvv sdudphwhu lv vhw dw 4@8/

wkh dyhudjh gxudwlrq ri xqhpsor|phqw vshoov lq d ghsuhvvlrq lv 53 prqwkv/ dqg

wkhuh lv shuihfw xqhpsor|phqw lqvxudqfh lq qrqghsuhvvlrq vwdwhv1 Wkxv/ wklv ohvv

frqvhuydwlyh fdoleudwlrq frpelqhv wkh h{shulphqwv grqh lq wkh suhylrxv vhfwlrqv1

Zh uhsruw wkh uhvxowv ri wklv fdvh lq Wdeoh 451

Wdeoh 45

D Ohvv Frqvhuydwlyh Fdoleudwlrq

Vwhdg|0Vwdwh Fkdudfwhulvwlfv ri wkh 50vwdwh dqg 60vwdwh Prghov

Jdlq= 4� �VV @ 9=33(> 4� � @ 9=8<(

Prghov v �+v, f �+f, �+|,

6V 4=7: 5=94 3=<737 3=3<85 3=5434

5V 3 3 3=<858 3=33;9 3=4;;8

Qrz wkh zhoiduh jdlq iurp holplqdwlrq ri d Ghsuhvvlrq0olnh vwdwh lv 9 shufhqw

ru pruh1 Dovr/ frqglwlrqdo rq ehlqj lq d ghsuhvvlrq/ wkh vwhdg|0vwdwh jdlq iurp

holplqdwlrq ri wkh ghsuhvvlrq vwdwh lv doprvw 4< shufhqw1 Wkhvh hvwlpdwhv duh

qrz vwulnlqjo| odujh dqg/ lq rxu ylhz/ pruh lqglfdwlyh ri wkh wuxh zhoiduh jdlqv

wr eh kdg iurp holplqdwlrq ri wkh olnholkrrg ri Ghsuhvvlrq0olnh hyhqwv1

Lw lv ri vrph lqwhuhvw wr qrwh wkdw wkh frpelqhg h�hfw ri wkh irxu ghsduwxuhv

iurp wkh edvholqh fdoleudwlrq lv pxfk odujhu wkdq wkh vxp ri wkhlu vhsdudwh hi0

ihfwv1 Vhsdudwho|/ wkhvh ghsduwxuhv udlvhg wkh vwhdg|0vwdwh zhoiduh jdlq e| 3=4<

shufhqw +ulvn dyhuvlrq udlvhg wr 6,/ 3=<9 shufhqw +hduqlqjv orvv iurp xqhpsor|0

phqw udlvhg wr 7@8 ri hpsor|hg hduqlqjv,/ 3=39 shufhqw +dyhudjh gxudwlrq ri

xqhpsor|phqw vshoov udlvhg wr 53 prqwkv,/ dqg 3=46 shufhqw +shuihfw xqhpsor|0

phqw lqvxudqfh lq qrqghsuhvvlrq vwdwhv, zklfk eulqjv wkhlu vxp wr rqo| 4=67

shufhqw1

5:



Lw lv dovr ri lqwhuhvw wr qrwh wkdw qrz wkh lqfuhdvh lq phdq frqvxpswlrq lq

wkh wzr0vwdwh hqylurqphqw dffrxqwv iru rqo| 54 shufhqw ri wkh lqfuhdvh lq vwhdg|0

vwdwh zhoiduh1 Wkh uhvw ri wkh jdlqv frph iurp fkdqjhv lq wkh kljkhu prphqwv

ri wkh frqvxpswlrq glvwulexwlrq1 Wklv ghfrpsrvlwlrq lv doprvw h{dfwo| rssrvlwh

wr wkdw irxqg iru wkh edvholqh fdoleudwlrq1

; Grhv Xqlqvxuhg Hduqlqjv Ulvn PdwwhuB

Lq wklv vhfwlrq/ zh dvvhvv wkh txdqwlwdwlyh vljql�fdqfh ri xqlqvxuhg hpsor|phqw

ulvn iru d Ghsuhvvlrq0olnh hyhqw1 Zh gr wklv e| fdofxodwlqj wkh zhoiduh jdlq iurp

holplqdwlqj wkh ghsuhvvlrq vwdwh lq dq hqylurqphqw lq zklfk wkhuh lv frpsohwh

srrolqj ri lglrv|qfudwlf xqhpsor|phqw ulvn1 Vr/ lq wklv hqylurqphqw hdfk djhqw

uhfhlyhv wkh shu0fdslwd hqgrzphqw ri wkh hfrqrp| lq hyhu| djjuhjdwh vwdwh1

Wdeoh 46 uhsruwv wkh uhvxowv iurp wklv �uhsuhvhqwdwlyh djhqw� h{shulphqw zkhq

doo sdudphwhu ydoxhv duh khog dw wkhlu edvholqh fkrlfhv1

Wdeoh 46

Wkh H�hfw ri Ixoo Xqhpsor|phqw Lqvxudqfh lq wkh Edvholqh Prgho

Jdlq= 4� �VV @ 3=<7(> 4� � @ 3=<7(

Prghov v �+v, f �+f, �+|,

6V 3 3 3=<94< 3=3599 3=4653

5V 3 3 3=<:38 3=3387 3=44:;

Holplqdwlqj xqlqvxuhg hpsor|phqw ulvn holplqdwhv wkh qhhg wr vdyh1 Wkh

xqfhuwdlqw| lq hduqlqjv lv wrr orz wr ryhufrph wkh gl�huhqfh lq wkh udwh ri

uhwxuq rq vdylqjv +}hur, dqg wkh udwh ri glvfrxqw +vl{ shufhqw/ dqqxdol}hg,1 Dv

rqh zrxog h{shfw/ doorzlqj ulvnvkdulqj orzhuv wkh jdlqv iurp wkh holplqdwlrq ri

ghsuhvvlrqv1 Lq sduwlfxodu/ wkh vwhdg|0vwdwh zhoiduh jdlqv duh urxjko| 45 shufhqw

kljkhu lq wkh edvholqh hfrqrp| zlwkrxw xqhpsor|phqw lqvxudqfh/ dqg wkh jdlqv

lqfoxvlyh ri wkh wudqvlwlrq sdwk duh 4; shufhqw kljkhu1

Wkxv/ iru wkh edvholqh fdoleudwlrq/ wkh h{lvwhqfh ri xqlqvxuhg hduqlqjv ulvn

grhv udlvh wkh jdlqv iurp holplqdwlqj ghsuhvvlrqv1 Krzhyhu/ wkh gl�huhqfh lv qrw
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odujh1 Exw wkh vlwxdwlrq lv txlwh gl�huhqw iru wkh ohvv frqvhuydwlyh fdoleudwlrq

glvfxvvhg lq wkh suhylrxv vhfwlrq1 Wdeoh 47 uhsruwv wkh jdlq iurp holplqdwlqj

ghsuhvvlrqv iru wkdw hqylurqphqw li wkhuh lv shuihfw ulvn vkdulqj1

Wdeoh 47

Wkh H�hfw ri Ixoo Xqhpsor|phqw Lqvxudqfh lq wkh Ohvv Frqvhuydwlyh Prgho

Jdlq= 4� �VV @ 4=:5(> 4� � @ 4=:5(

Prghov v �+v, f �+f, �+|,

6V 3 3 3=<6<3 3=3758 3=5434

5V 3 3 3=<858 3=33;9 3=4;;8

Dv lq wkh edvholqh prgho/ frpsohwh ulvnvkdulqj holplqdwhv wkh qhhg wr vdyh1

Wkh jdlq iurp holplqdwlqj ghsuhvvlrqv lv qrz 4=:5 shufhqw1 Iru wklv ohvv0

frqvhuydwlyh hqylurqphqw zh lpsrvhg shuihfw lqvxudqfh djdlqvw orvv ri hduqlqjv

iurp xqhpsor|phqw lq wkh jrrg dqg edg vwdwhv exw qrw lq wkh ghsuhvvlrq vwdwh1

Wkh zhoiduh jdlq iurp holplqdwlrq ri wkh ghsuhvvlrq vwdwh zdv fdofxodwhg wr eh

9=33 shufhqw dqg 9=8< shufhqw +vwhdg| vwdwh dqg lqfoxvlyh ri wudqvlwlrq h�hfwv/

uhvshfwlyho|,1 Wkhuhiruh/ lq wklv fdvh wkh h{lvwhqfh ri xqlqvxuhg hduqlqjv ulvn

pdwwhuv d juhdw ghdo1 Wkh zhoiduh jdlq lq wkh devhqfh ri frpsohwh ulvnvkdulqj lv

forvh wr irxu wlphv wkdw zkhq ixoo ulvnvkdulqj lv lpsrvhg1

< Frqfoxvlrq

Rxu dlp lq wklv sdshu zdv wr rewdlq d phdvxuh iru wkh srwhqwldo ehqh�w ri srolflhv

wkdw uhgxfh wkh olnholkrrg ri d Ghsuhvvlrq0vw|oh froodsvh ri hfrqrplf dfwlylw| lq

wkh X1V1 iru wkh shulrg 4<3304<<;1 Lq sulqflsoh rxu dssurdfk frxog eh dssolhg wr

hfrqrplf fulvhv lq rwkhu frxqwulhv dqg iru rwkhu vdpsoh shulrgv1 Iru wkh X1V1/

zh irxqg wkdw hyhq zkhq wkh suredelolw| ri wudqvlwlqj lqwr d Ghsuhvvlrq0olnh

vwdwh lv derxw rqfh lq hyhu| ;6 |hduv/ wkh zhoiduh jdlq iurp vhwwlqj wklv vpdoo

suredelolw| wr }hur fdq udqjh ehwzhhq 4=38 shufhqw dqg 9=93 shufhqw ri dqqxdo

frqvxpswlrq/ lq shushwxlw|1 E| vwdqgdugv ri zhoiduh dqdo|vlv/ wkhvh duh odujh

jdlqv1 Lq sduwlfxodu/ wkh| duh pruh wkdq 433 wlphv odujhu wkdq wkh hvwlpdwhg
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zhoiduh jdlqv iurp holplqdwlqj qrupdo exvlqhvv f|foh yrodwlolw| uhsruwhg lq Oxfdv

+4<;:, iru frpsdudeoh ulvn0dyhuvlrq sdudphwhuv1 Wkhvh odujh jdlqv dulvh ehfdxvh

hyhq wkrxjk wkh suredelolw| ri wudqvlwlqj wr d Ghsuhvvlrq0olnh vwdwh lv vpdoo/ lw*v

kljko| shuvlvwhqw1 Wklv shuvlvwhqfh sod|v d odujh uroh lq wkh hvwlpdwhv ri zhoiduh

jdlq uhsruwhg lq wklv sdshu1 Zh dovr �qg wkdw xqlqvxuhg xqhpsor|phqw ulvn

pd| frqwulexwh vljql�fdqwo| wr wkh vl}h ri wkhvh jdlqv1 Iru lqvwdqfh/ lq wkh fdvh

zkhuh wkh jdlqv duh lq h{fhvv ri vl{ shufhqw/ d uhsuhvhqwdwlyh djhqw fdofxodwlrq

zrxog |lhog d zhoiduh jdlq wkdw lv rqo| derxw rqh0irxuwk dv odujh1

Zkloh zh kdyh txdqwl�hg wkh srwhqwldo jdlq iurp sxuvxlqj srolflhv wkdw uh0

gxfh wkh olnholkrrg ri hfrqrplf fulvhv/ zh kdyh qrw vdlg dq|wklqj derxw wkh

srwhqwldo frvwv ri grlqj vr1 Lq sduwlfxodu/ zh kdyh qrw vshfl�hg dq| srolf|

duudqjhphqw wkdw frxog vhw wkh suredelolw| ri hfrqrplf fulvhv wr }hur1 Krzhyhu/

e| srlqwlqj rxw wkh zhoiduh jdlqv iurp holplqdwlqj hyhq d vpdoo suredelolw| ri

hqfrxqwhulqj d Ghsuhvvlrq0olnh vwdwh/ zh duh vxjjhvwlqj wkdw lw*v zruwkzkloh wr

ghwhuplqh zkdw srolflhv uhgxfh wkh olnholkrrg ri hfrqrplf fulvhv dqg krz wkh|

zrxog eh lpsohphqwhg1
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Fig.2a: Simulated and Actual Per−capita Consumption When All Home Production is Measured
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Fig. 2b: Simulated and Actual Per−capita Consumption When All Home Production is Unmeasured
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Fig.3:Asset Accumulation/Decumulation of Employed in Bad State in 2 vs 3 State Model
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Fig.4:Asset Accumulation/Decumulation of Unemployed in Bad State in 2 vs 3 State Model
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Fig.5:Asset Accumulation/Decumulation of Unemployed in Good, Bad, Depression State
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Fig.6:Asset Accumulation/Decumulation of Employed in Good, Bad, Depression State
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Fig.7:Distributions of Assets of Employed in G, B, D States
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Fig.9: Simulated Asset Holdings during the Depression
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Fig.10:Value Functions of Unemployed in Bad State in 2 vs 3 State Model
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Fig.11:Value Functions of Employed in Bad State in 2 vs 3 State Model

Assets

V
al

ue
 F

un
ct

io
n

3 State
2 State


